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Application Layer
ooy )

Session Layer

Data Link Layer

Physical Layer

OSI| Model

Application Layer

Messages from Network Applications

!

Physical Layer

Bits being transmitted over some medium

*In the textbook, they condense it to a 5-layer model,
but 7 layers is what is most used
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Multiplexing is the process of gathering Demultiplexing is the receiving segments
chunks from sockets, encapsulating chunks from the transport layer and delivering the
with header information, and passing the segment to the correct socket.

segment into the network layer

From session layer To session layer

@ / /I . .
1Al \ /
Segment L alas Y \ / // I\ \
// 7 £\ \ // V. / \ \
z e \d / \ £ / / \
/ / ’ \

7/
- .Dm .Dm .: ._ ._
‘ 1 r Segments ( I ) Segments
Transport Transport

layer To network layer From network layer layer

data
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Transport Layer

16 bits 16 bits

Transport Layer provides a checksum that --
IS used to determine whether bits within a
segment have been altered

Data
(HTTP Request, DNS, FTP, etc)
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Receiving
Process

Sending Process Application Layer

Reliable Data
Transfer Protocol

Reliable Data
Transport Layer

Transfer Protocol

Things that may happen

« Corruption
» Loss of packets

Unreliable Channel - Duplicate Delivery
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Transport Layer

Receiving

Process
Socket

Sending Process Application Layer

Socket

Reliable Data
Transfer Protocol

Reliable Data

Transfer Protocol Transport Layer

Things that may happen

« Corruption
» Loss of packets

Unreliable Channel - Duplicate Delivery
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Receiving

Process
Socket

Sending Process Application Layer

Socket rdt_send()

deliver()

Reliable Data
Transfer Protocol

Reliable Data

Transfer Protocol Transport Layer

rdt_rcv()

udt_send()

Things that may happen

« Corruption
» Loss of packets

Unreliable Channel - Duplicate Delivery
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Transport Layer Reliable Data Transfer

S sending receiver
Application ‘processl ‘DI’OCESS I
]
dt d
reliable channel xdt_send()

Transport reliable data
transfer protocol

deliver data()

reliable data
transfer protocol

(sending side) (receiving side)
udt_send( )t packet packet Irdt_rcv ()
Network t-( Junreliable chclnnel):
Characteristics of unreliable channel will determine complexity of '(I;hlngst_to consider:
reliable data transfer protocol (rdt) orrtption
Loss of packets
What are some ways in which the network channel can be unreliable? Duplicate delivery
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Reliable Data

ransfer
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http://www.youtube.com/watch?v=SncapPrTusA

Transport Layer Reliable Data Transfer

Bruce Lee FSM

Event causing state transition

Vya“ in_court(ball) == True
or
ball send_it(ball)

|

Actions taken on state transition
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Transport Layer Reliable Data Transfer 1.0

RDT 1.0

Assumptions:

» Unidirectional long data flows
» Perfectly reliable channel

* No bit errors

* No packet loss

* No packet reordering
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Transport Layer Reliable Data Transfer 1.0

RDT 1.0

Assumptions:

» Unidirectional long data flows
» Perfectly reliable channel

* No bit errors

* No packet loss

* No packet reordering

receiver
Drocess

data||deliver data()

reliable data
transfer protocol
(receiving side)

udt_send() Lpacket | [ packet] rdt rev()

T--()unrelictble chonnel)i
MONTANA
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Transport Layer Reliable Data Transfer 1.0

RDT 1.0 Sender
Assumptions:
» Unidirectional long data flows
» Perfectly reliable channel Wait for
* No bit errors call from
* No packet loss above

* No packet reordering

receiver
Drocess

data||deliver data()
reliable data

transfer protocol
(receiving side)

udt_send() Lpacket | [ packet] rdt rev()

T--()unrelictble chonnel)i
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Transport Layer Reliable Data Transfer 1.0

RDT 1.0 Sender
Assumptions:
« Unidirectional long data flows rdt_send(data)
» Perfectly reliable channel Wait for
* No bit errors call from
* No packet loss above

* No packet reordering

receiver
Drocess

data||deliver data()
reliable data

transfer protocol
(receiving side)

udt_send() | Lpacket | [ packet] | rdt rev()

T--()unrelictble chonneI)J
MONTANA
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Transport Layer Reliable Data
RDT 1.0 Sender
Assumptions:

» Unidirectional long data flows
» Perfectly reliable channel

* No bit errors

* No packet loss

* No packet reordering

Wait for

call from
above

receiver
Drocess

data||deliver data()
reliable data

transfer protocol
(receiving side)

[ packet] rdt rev ()

t-()unrelicuble chonneI)J

udt_send() |packet |

ransfer 1.0

rdt_send(data)

packet = make_ pkt(data)
udt_send(packet)
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Transport Layer Reliable Data Transfer 1.0

RDT 1.0 Sender
Assumptions:
- Unidirectional long data flows rdt_send(data)
» Perfectly reliable channel Wait for
« No bit e)r/rors call from packet = make_pkt(data)
« No packet loss above udt_send(packet)

* No packet reordering

Recelver

receiver
Drocess

data||deliver data()

reliable data .
transfer protocol Wait for
(receiving side)

udt_send()I [packet]  [packei] Irdt zev () call from
Network

t-()unrelicuble chonneI)J
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Transport Layer

RDT 1.0

Assumptions:

» Unidirectional long data flows
» Perfectly reliable channel

* No bit errors

* No packet loss

* No packet reordering

receiver
Drocess

data||deliver data()
reliable data

transfer protocol
(receiving side)

[ packet] rdt rev ()

t-()unrelicuble chonneI)J

| packet |

udt_send ()

Reliable Data Transfer 1.0

Sender

rdt_send(data)

Wait for

packet = make_ pkt(data)
udt_send(packet)

call from
above

Recelver

rdt_rcv(data)
Wait for

call from
Network
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Transport Layer

RDT 1.0

Assumptions:

» Unidirectional long data flows
» Perfectly reliable channel

* No bit errors

* No packet loss

* No packet reordering

receiver
Drocess

data||deliver data()
reliable data

transfer protocol
(receiving side)

[ packet] rdt rev ()

t-()unrelicuble chonneI)J

| packet |

udt_send ()

Reliable Data Transfer 1.0

Sender

rdt_send(data)

Wait for

packet = make_ pkt(data)
udt_send(packet)

call from
above

Recelver

rdt_rcv(data)
Wait for

call from
Network

data = extract(packet)
deliver data(data)
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Transport Layer Reliable Data Transfer 2.0

RDT 2.0

Potential for bit errors

How can we detect errors?

1110 777 — 0010

gi Reliable Channel Unreliable Channel Reliable Channel GE
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Transport Layer Reliable Data Transfer 2.0

RDT 2.0

Potential for bit errors

How can we detect errors?
-Checksum

1110 777 — 0010

gi Reliable Channel Unreliable Channel Reliable Channel GE
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Transport Layer Reliable Data Transfer 2.0

RDT 2.0

Potential for bit errors

How can we detect errors?
-Checksum

What is a good way to handle and prevent errors

1110 — AP, — 0010

GE Reliable Channel Unreliable Channel Reliable Channel GE
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Transport Layer Reliable Data Transfer 2.0

RDT 2.0

Potential for bit errors

How can we detect errors?
-Checksum

What is a good way to handle and prevent errors?
- Acknowledged packet, Ask for retransmit if needed

1110 — AP, — 0010

GE Reliable Channel Unreliable Channel Reliable Channel GE




Reliable Data Transfer 2.0

RDT 2.0 How can we detect errors? What is a good way to handle and prevent errors?
Potential for bit errors -Checksum - Acknowledged packet, Ask for retransmit if needed

Stop-and-wait: sender sends one packet, then
waits for receiver response

Sender rdt_send(data)

sndpkt = make_pkt(data, checksum)
udt send(sndpkt)

‘A MONTANA
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Reliable Data Transfer 2.0

RDT 2.0 How can we detect errors? What is a good way to handle and prevent errors?
Potential for bit errors -Checksum - Acknowledged packet, Ask for retransmit if needed

Stop-and-wait: sender sends one packet, then
waits for receiver response

Sender rdt_send(data)

sndpkt = make_pkt(data, checksum)
udt send(sndpkt)
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Transport Layer Reliable Data Transfer 2.0

Sender rdt_send(data)

sndpkt = make_ pkt(data, checksum)
udt_send(sndpkt)

Wait for ACK
or NAK

Recelver

MONTANA
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Reliable Data Transfer 2.0

Sender rdt_send(data)

sndpkt = make_ pkt(data, checksum)
udt_send(sndpkt)

Wait for ACK
or NAK

ait for call

Receiver rom below

‘A MONTANA
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Reliable Data Transfer 2.0

Sender rdt_send(data)

sndpkt = make_ pkt(data, checksum)
udt_send(sndpkt)

Wait for ACK
or NAK

rdt_rcv(rcvpkt) &&
corrupt(rcvpkt)
udt_send(NAK)

_ ait for call
Receiver rom below,

‘A MONTANA
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Reliable Data Transfer 2.0

Sender rdt_send(data)

sndpkt = make_ pkt(data, checksum)
udt_send(sndpkt)

Wait for ACK
or NAK

rdt_rcv(rcvpkt) &&
corrupt(rcvpkt)
udt_send(NAK)

ait for call
rom below/ rdt_rcv(rcvpkt) &&
Icorrupt(rcvpkt)

data = extract(packet)
deliver data(data)
udt_send(ACK)

‘A MONTANA
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Reliable Data Transfer 2.0

Sender rdt_send(data)

sndpkt = make_ pkt(data, checksum)
udt_send(sndpkt)

Wait for ACK
or NAK

Recelver

rdt_rcv(rcvpkt) &&
corrupt(rcvpkt)

udt_send(NAK)

ait for call
rom below,/ rdt_rcv(rcvpkt) 8&&
Icorrupt(rcvpkt)

data = extract(packet)
deliver_ data(data)
udt_send(ACK)
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Reliable Data Transfer 2.0

Sender rdt_send(data)

rdt_rcv(rcvpkt) &&

sndpkt = make_pkt(data, checksum) isNAK (rcvpkt)
udt_send(sndpkt)

udt_send(sndpkt)

Walit for ACK ; )

or NAK

Recelver

rdt_rcv(rcvpkt) &&
corrupt(rcvpkt)

udt_send(NAK)

ait for call
rom below,/ rdt_rcv(rcvpkt) 8&&
Icorrupt(rcvpkt)

data = extract(packet)
deliver_ data(data)
udt_send(ACK)
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Reliable Data Transfer 2.0

Sender rdt_send(data)

rdt_rcv(rcvpkt) &&

sndpkt = make_pkt(data, checksum) isNAK (rcvpkt)
udt_send(sndpkt)

udt_send(sndpkt)

Walit for ACK ; )

or NAK

Recelver

rdt_rcv(rcvpkt) &&
corrupt(rcvpkt)

rdt_rcv(rcvpkt) && isACK(rcvpkt)

A

udt_send(NAK)

ait for call
rom below,/ rdt_rcv(rcvpkt) 8&&
Icorrupt(rcvpkt)

data = extract(packet)
deliver_ data(data)
udt_send(ACK)

A =do no action, follow arrow to next state

‘A MONTANA
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Reliable Data Transfer 2.0

Sender What happens if ACK/NAK
Corrupted?

->Duplicate delivery, or no
retransmission

ait for
from af

Recelver

ion?
SOIUt|On - rdt_rcv(rcvpkt) &&

corrupt(rcvpkt)

-2 Retransmit if CORRUPT packet
received

udt_send(NAK)

rdt_rcv(rcvpkt) &&

How to deal we duplicate Packets? corrupt (revpkt)

data = extract(packet)
A =donoa 9 - deliver_data(data)
udt_send(ACK)

‘A MONTANA
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Reliable Data Transfer 2.0

Sender What happens if ACK/NAK
Corrupted?

->Duplicate delivery, or no
retransmission

ait for
from af

Recelver

ion?
SOIUt|On - rdt_rcv(rcvpkt) &&

corrupt(rcvpkt)

-2 Retransmit if CORRUPT packet
received

udt_send(NAK)

rdt_rcv(rcvpkt) &&
Icorrupt(rcvpkt)

How to deal we duplicate Packets?

data = extract(packet)

udt_send(ACK)

‘A MONTANA
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Transport Layer Reliable Data Transfer 2.1
Potential for bit errors and garbled ACKs

Sender (We only need to use 0 or 1 for the sequence number)

Wait for

call 0 from
above

MONTANA
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Transport Layer Reliable Data Transfer 2.1
Potential for bit errors and garbled ACKs

rdt_send(data
Sender — (data) (We only need to use 0 or 1 for the sequence number)

sndpkt = make pkt(0, data, checksum)
udt_send(sndpkt)

Wait for Wait for

call 0 from ACK or
above NAK O

MONTANA
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Transport Layer Reliable Data Transfer 2.1
Potential for bit errors and garbled ACKs

rdt_send(data
Sender — (data) (We only need to use 0 or 1 for the sequence number)

sndpkt = make pkt(0, data, checksum)

udt_send(sndpkt) rdt_rcv(rcvpacket) &&

( corrupt(rcvpkt) || isSNAK(rcvpkt)

Wait for

Wait for

ACK or
NAK O

call 0 from
above

udt_send(sndpkt)

MONTANA
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Transport Layer Reliable Data Transfer 2.1
Potential for bit errors and garbled ACKs

rdt_send(data
Sender — (data) (We only need to use 0 or 1 for the sequence number)

sndpkt = make pkt(0, data, checksum)
udt_send(sndpkt)

rdt_rcv(rcvpacket) &&
( corrupt(rcvpkt) || isSNAK(rcvpkt)

Wait for
ACK or
NAK O

Wait for

call 0 from
above

udt_send(sndpkt)

rdt_rcv(rcvpacket) &&
notcorrupt(rcvpkt) &&
iISAck(rcvpkt)

Wait for N

call 1 from
above

MONTANA
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Transport Layer Reliable Data Transfer 2.1
Potential for bit errors and garbled ACKs

rdt_send(data
Sender — (data) (We only need to use 0 or 1 for the sequence number)

sndpkt = make pkt(0, data, checksum)
udt_send(sndpkt)

rdt_rcv(rcvpacket) &&
( corrupt(rcvpkt) || isSNAK(rcvpkt)

Wait for
ACK or
NAK O

Wait for
call 0 from
above

udt_send(sndpkt)

rdt_rcv(rcvpacket) &&
notcorrupt(rcvpkt) &&
iISAck(rcvpkt)

Wait for Wait for N

ACK or g call 1 from

NAK 1 above
rdt_send(data)

sndpkt = make_pkt(1, data,

checksum)
D i send(sndpk) MONTANA



Transport Layer
rdt_rcv(rcvpacket) &&

Sender rdt_send(data) ( corrupt(rcvpkt) || isNAK(rcvpkt)

sndpkt = make_ pkt(0, data, checksum) udt_send(sndpkt)
udt_send(sndpkt) -

Wait for
ACK or
NAK O

Wait for
call 0 from
above

rdt_rcv(rcvpacket) &&
notcorrupt(rcvpkt) &&

iISAck(rcvpkt
rdt_rcv(rcvpacket) S
&& Wait for Wait f A
altror
( corrupt(rcvpk) || ackor Dl 112 o

ISNAK((rcvpkt) NAK 1

above

O rdt_send(data)
udt_send(sndpkt) sndpkt = make_pkt(1, data,

checksum)
udt_send(sndpkt) SI\T"IR%%IEN%NH%




Transport Layer
rdt_rcv(rcvpacket) &&

Sender rdt_send(data) ( corrupt(rcvpkt) || iSNAK(rcvpkt)

sndpkt = make_ pkt(0, data, checksum) udt_send(sndpkt)
udt_send(sndpkt) _

Wait for
ACK or
NAK O

Wait for

call 0 from
rdt_rcv(rcvpacket) && above

notcorrupt(rcvpkt) &&

ISAck(rcvpkt)

A rdt_rcv(rcvpacket) &&
notcorrupt(rcvpkt) &&
iISAck(rcvpkt

rdt_rcv(rcvpacket) (revpky)

&& Wait for Wait for N

|
( corrupt(rcvpkt) || o — & call 1 from

ISNAK((rcvpkt) NAK 1

above

@ rdt_send(data)
udt_send(sndpkt) sndpkt = make_pkt(1, data,

checksum)
udt_send(sndpkt) SI\T"I&%IEN%NSI%




Reliable Data Transfer 2.1

RDT 2.1 Stop-and-wait: sender sends one packet, then
Potential for bit errors and garbled ACKs waits for receiver response
(We only need O or 1 for rdt_send(data)
the sequence #) sndpkt = make pkt(@, data, checksum)

udt send(sndpkt
_send(sndpkt) rdt_rcv(rcvpkt) &&

(corrupt(rcvpkt) || isNAK(rcvpkt))

~

~a
ait for cal
from appl

Wait for
ACK or NA
1

ait for AC

dt d dpkt
or NAK 0 udt_send(sndpkt)

rdt_rcv(rcvpkt)
&& notcorrupt(rcvpkt)
&& isACK(rcvpkt)

rdt_rcv(rcvpkt)
&& ! corrupt(rcvpkt)
&& isACK(rcvpkt)

A

Wait for
call from

appl

A

rdt_rcv(rcvpkt) &&
(corrupt(rcvpkt) ||
isNAK(rcvpkt))

udt_send(sndpkt)

rdt_send(data)

sndpkt = make_pkt(1l, data, checksum)
udt_send(sndpkt)

‘A MONTANA
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Transport Layer Reliable Data Transfer 2.1

Recelver

N\
N\

N

Y
Wait for
0 from
» below

-

MONTANA
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Transport Layer Reliable Data Transfer 2.1

rdt_rcv(rcvpkt) && notcorrupt (rcvpkt)

Recelver && has_seq0 (rcvpkt)

extract (rcvpkt,data)
deliver_data(data)
sndpkt=make_pkt (ACK, checksum)

\ udt_send (sndpkt)
) *
Wait for Wait for
0 from 1 from
» below below «

MONTANA
STATE UNIVERSITY



Transport Layer Reliable Data Transfer 2.1

rdt_rcv(rcvpkt) && notcorrupt (rcvpkt)

Receiver && has_seq0 (rcvpkt)

extract (rcvpkt,data)
deliver_data(data)
sndpkt=make_pkt (ACK, checksum)

\ udt_send (sndpkt) rdt_rcv (rcvpkt) && corrupt (rcvpkt)

\\\ sndpkt=make_pkt (NAK, checksum)
\ udt_send (sndpkt)
B
Wait for Wait for
0 from 1 from

» below below

rdt_rcv(rcvpkt) && notcorrupt
(rcvpkt) && has_seqO (rcvpkt)

-

sndpkt=make_pkt (ACK, checksum)
udt_send (sndpkt)

MONTANA
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Transport Layer Reliable Data Transfer 2.1

rdt_rcv(rcvpkt) && notcorrupt (rcvpkt)

Receiver && has_seq0 (rcvpkt)

extract (rcvpkt,data)
deliver_data(data)
sndpkt=make_pkt (ACK, checksum)

\ udt_send (sndpkt) rdt_rcv (rcvpkt) && corrupt (rcvpkt)

\\\ sndpkt=make_pkt (NAK, checksum)
\ /-\ udt_send (sndpkt)
A
Wait for Wait for
0 from 1 from
v below below
rdt_rcv(rcvpkt) && notcorrupt
Q (rcvpkt) && has_seqO (rcvpkt)

sndpkt=make_pkt (ACK, checksum)
udt_send (sndpkt)

rdt_rcv(rcvpkt) && notcorrupt (rcvpkt)
&& has_seql (rcvpkt)

extract (rcvpkt,data)
deliver_data(data)
sndpkt=make_pkt (ACK, checksum)
udt_send (sndpkt)

MONTANA
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Transport Layer Reliable Data Transfer 2.1

rdt_rcv(rcvpkt) && notcorrupt (rcvpkt)

Receiver && has_seq0 (rcvpkt)

extract (rcvpkt,data)
deliver_data(data)
sndpkt=make_pkt (ACK, checksum)

rdt_rcv (revpkt) \\‘\ udt_send (sndpkt) rdt_rcv (rcvpkt) && corrupt (rcvpkt)

&& corrupt (rcvpkt) N\
P P \\ /-\ sndpkt=make_pkt (NAK, checksum)
sndpkt=make_pkt (NAK, checksum) '\\‘ udt_send (sndpkt)
udt_send (sndpkt)
Wait for Wait for
1 from

0 from

rdt_rcv(rcvpkt) &§& notcorrupt below below

(rcvpkt) && has_seql (rcvpkt) rdt_rcv (rcvpkt) && notcorrupt
(rcvpkt) && has_seqO (rcvpkt)

sndpkt=make_pkt (ACK, checksum) \/ sndpkt=make_pkt (ACK, checksum)

udt_send (sndpkt) udt_send (sndpkt)

rdt_rcv(rcvpkt) && notcorrupt (rcvpkt)
&& has_seql (rcvpkt)

extract (rcvpkt,data)
deliver_data(data)
sndpkt=make_pkt (ACK, checksum)
udt_send (sndpkt)

MONTANA
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Transport Layer Reliable Data Transfer 2.2

rdt_send (data)

Sender sndpkt=make_pkt (0,data, checksum)

udt_send (sndpkt)

rdt_rcv (rcvpkt) &
~
S (corrupt (rcvpkt)
e )

Instead of NAKs, we provide the S i SACK (rcvpkt, 1) )
sequence number of the packet Wait for Waftfor udt_send (sndpkt)
call 0 from
for our ACK (ACK1, ACKO) S ACK 0
rdt_rcv (rcvpkt) rdt_rcv (rcvpkt)

&& notcorrupt (revpkt) && notcorrupt (rcvpk

Duplicate ACK at sender & iSACK (rcvpkt, 1) && isACK (rcvpkt, 0)

results in same action as A A
NAK: retransmit current
pkt Wait for Wait for
ACK 1 call 1 from
above

rdt_rcv (rcvpkt) &&
(corrupt (rcvpkt) | | \_/
1sACK (rcvpkt,0))

rdt_send (data)

udt_send (sndpkt)

sndpkt=make_pkt(l,data,checksum)
udt_send (sndpkt)

MONTANA
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Transport Layer Reliable Data Transfer 2.2

rdt_rcv(rcvpkt) && notcorrupt (rcvpkt)

Receiver && has_seq0 (rcvpkt)

extract (rcvpkt,data)

deliver_data(data) rdt_rcv (rcvpkt) &&
sndpkt=make_pkt (ACK, 0, checksum) (corrupt (revpkt) | |
udt_send (sndpkt) has_seq0 (revpkt) )
N - I
™
\\\ /—\ sndpkt=make_pkt (ACK, 0, checksum)
A udt_send (sndpkt)
Wait for Wait for
rdt_rcv(rcvpkt) && 0 from 1 from
(corrupt(rcvpkt) | | below below

has_seqgl (rcvpkt) )

sndpkt=make_pkt (ACK, 1, checksum)
udt_send (sndpkt)

rdt_rcv(rcvpkt) && notcorrupt (rcvpkt)

£& has_seqgl (rcvpkt)

extract (rcvpkt,data)
deliver_data(data)
sndpkt=make_pkt (ACK, 1, checksum)
udt_send (sndpkt)

MONTANA
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Transport Layer

A quick meatball break...
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Reliable Data Transfer 3.0

Potential for:

I * Dbit errors
We W|” St|” need | . garb]ed ACKs
checksums, Seq #'s, . Lost/dropped packets

ACKS, but we need more

What if an ACK gets dropped? Sender is stuck waiting forever

‘A MONTANA
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Transport Layer Reliable Data Transfer 3.0

Potential for:

I * Dbit errors
We W|” St|” need | . garb|ed ACKs
checksums, Seq #'s, . Lost/dropped packets

ACKS, but we need more

What if an ACK gets dropped? Sender is stuck waiting forever
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Transport Layer Reliable Data Transfer 3.0

Potential for:

I * Dbit errors
We W|” St|” need | . garb|ed ACKs
checksums, Seq #'s, . Lost/dropped packets

ACKS, but we need more

What if an ACK gets dropped? Sender is stuck waiting forever

Retransmit If ACK received in X amount of time
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Reliable Data Transfer 3.0

Potential for:

I * Dbit errors
We W|” St|” I’IEEd | o garb]ed ACKs
checksums, Seq #'s, . Lost/dropped packets

ACKS, but we need more

What if an ACK gets dropped? Sender is stuck waiting forever

Retransmit If ACK received in X amount of time

What if the ACK is just taking a really long time to arrive? This will be duplicate
data, but we have a Seq # to handle that

‘A MONTANA
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Transport Layer Reliable Data Transfer 3.0

(Packets can get dropped or lost)

rdt_send(data)

ESEBr](jEBr sndpkt=make_pkt (0,data, checksum)

udt_send (sndpkt)

rdt_rcv(rcvpkt) &&
(corrupt (rcvpkt) | |

start_timer
\\\ isACK(rcvpkt,1))
N A

rdt_rcv (rcvpkt) -
A Wait for . timeout
10 fr Wait for
ca om ACK 0 udt_send (sndpkt)
above start_timer
rdt_rcv (rcvpkt)
&& notcorrupt (rcvpkt)
&& isACK(rcvpkt, 1) rdt_rcv (rcvpkt)
ston csay && notcorrupt (rcvpkt)
P && isACK (rcvpkt, 0)
stop_timer
timeocut Wait for
Wait for 1 fr
udt_send (sndpkt) ACK 1 ca om
start_timer above
rdt_rcv(rcvpkt)
rdt_rcv (rcvpkt) && A
(corrupt (rcvpkt) | |
isACK (rcvpkt, 0)) rdt_send (data)
A sndpkt=make_pkt(1l,data, checksum)

udt_send (sndpkt)
start_timer

MONTANA
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Transport Layer Reliable Data Transfer 3.0

(Packets can get dropped or lost)

rdt_send(data)

ESEBr](jEBr sndpkt=make_pkt (0,data, checksum)

udt_send (sndpkt)

rdt_rcv(rcvpkt) &&
(corrupt (rcvpkt) | |

start_timer
\\\ isACK(rcvpkt,1))
N A

rdt_rcv (rcvpkt) -
A Wait for _ timeout
CaHOfrom WAaclthgr udt_send (sndpkt)
above start_time:
rdt_rcv (rcvpkt)
&& notcorrupt (rcvpkt)
&& isACK(rcvpkt, 1) rdt_rcv (rcvpkt)
ston csay && notcorrupt (rcvpkt)
P && isACK (rcvpkt, 0)
stop_timer
Linsout Wait for
Wait for 1 fr
udt_send (sndpkt) ACK 1 ca om
start_timer above
rdt_rcv(rcvpkt)
rdt_rcv (rcvpkt) && A
(corrupt (rcvpkt) | |
isACK (rcvpkt, 0)) rdt_send (data)
A sndpkt=make_pkt(1l,data, checksum)

udt_send (sndpkt)
start_timer
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Reliable Data Transfer 3.0

(Packets can get dropped or lost)

Transport Layer

rdt_send(data)

sndpkt=make_pkt (0,data, checksum)
udt_send (sndpkt)

Sender

rdt_rcv(rcvpkt) &&
(corrupt (rcvpkt) | |

start_timer
\\\ isACK(rcvpkt,1))
N A

rdt_rcv (rcvpkt) A
A Wait for . timeout
CaHOfrom WAaclthgr udt_send (sndpkt)
above start_time:

rdt_rcv (rcvpkt)
&& notcorrupt (rcvpkt)

&& isACK(rcvpkt, 1)

stop_timer

timeout

udt_send (sndpkt)
start_timer

rdt_rcv (rcvpkt) &&
(corrupt (rcvpkt) | |

isACK (rcvpkt,0))

A

MONTANA
STATE UNIVERSITY

rdt_rcv (rcvpkt)
&& notcorrupt (rcvpkt)
&& isACK (rcvpkt, 0)

Wait for

Wait for call 1 from

ACK 1 above
rdt_rcv(rcvpkt)
‘\\\~\--._.-————f”’/' &

rdt_send (data)

sndpkt=make_pkt(1l,data, checksum)
udt_send (sndpkt)
start_timer



Transport Layer

rdt_send(data)

Reliable Data Transfer 3.0

(Packets can get dropped or lost)

Sender

rdt_rcv (rcvpkt) -

A Wait for
call 0 from
above
rdt_rcv (rcvpkt)
&& notcorrupt (rcvpkt)
&& isACK(rcvpkt, 1)

stop_timer

timeout

Wait for

udt_send (sndpkt) ACK 1

start_timer

rdt_rcv (rcvpkt) &&
(corrupt (rcvpkt) | |
isACK (rcvpkt,0))

sndpkt=make_pkt (0,data, checksum)
udt_send (sndpkt)

rdt_rcv(rcvpkt) &&
(corrupt (rcvpkt) | |

start_timer
\\\ isACK(rcvpkt,1))
N A

Wait for T )
ACK 0 udt_se 1 (sndg
start_timei
rdt_rcv (rcvpkt)
&& notcorrupt (rcvpkt)
&& isACK (rcvpkt, 0)
pP_t1i r
Wait for
call 1 from

above
rdt_rcv(rcvpkt)
‘\\\~\--._._-———ﬂf”/' 3

rdt_send (data)

A

start

MONTANA
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sndpkt=make_pkt(1l,data, checksum)
udt_send (sndpkt)

timer



Transport Layer Reliable Data Transfer 3.0

(Packets can get dropped or lost)

rdt_send(data)

ESEBr](jEBr sndpkt=make_pkt (0,data, checksum)

udt_send (sndpkt)

rdt_rcv(rcvpkt) &&
(corrupt (rcvpkt) | |

start_timer
\\\ isACK(rcvpkt,1))
N A

rdt_rcv (rcvpkt) -
A Wait for _ timeout
CaHOfrom WAaclthgr udt_send (sndg )
above start_time:
rdt_rcv (rcvpkt)
&& notcorrupt (rcvpkt)
&& isACK(rcvpkt, 1) rdt_rcv (rcvpkt)
ston csay && notcorrupt (rcvpkt)
P— && isACK (rcvpkt, 0)
pP_t1i r
e Wait for
udt_send (sndpkt) vfc'}:?' call 1 from
start_timer above
rdt_rcv(rcvpkt)
rdt_rcv (rcvpkt) && A
(corrupt (rcvpkt) | |
isACK (revpkt, 0)) rdt_send (data)
A

sndpkt=make_pkt(1l,data, checksum)
udt_send (sndpkt)

start_timer
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Transport Layer

rdt_send(data)

Reliable Data Transfer 3.0

(Packets can get dropped or lost)

Sender

sndpkt=make_pkt (0,data, checksum)
udt_send (sndpkt)

rdt_rcv(rcvpkt) &&
(corrupt (rcvpkt) | |

start_timer
\\\ isACK(rcvpkt,1))
N A

rdt_rcv (rcvpkt) -
A Wait for _ timeout
Ca“ 0 from WAaclthgr udt_send (sndg )
above start_time:
rdt_rcv (rcvpkt)
&& notcorrupt (rcvpkt)
&& isACK(rcvpkt, 1) rdt_rcv (rcvpkt)
—— && notcorrupt (rcvpkt)
s && isACK (rcvpkt, 0)
pP_t1i r
timeout Wait for
Wait for
l send (sndpkt) call 1 from
st 1~' mex | ACK 1

rdt_rcv (rcvpkt) &&
(corrupt (rcvpkt) | |
isACK (rcvpkt,0))

above
rdt_rcv(rcvpkt)
‘\\\~\--._._-———ﬂf”/' 3

rdt_send (data)

A

start
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sndpkt=make_pkt(1l,data, checksum)
udt_send (sndpkt)

timer



Transport Layer Reliable Data Transfer 3.0

(Packets can get dropped or lost)

rdt_send(data)

ESEer](jEBr sndpkt=make_pkt (0,data, checksum)

udt send(sndpkt) rdt_rcv (rcvpkt) &&

(corrupt (rcvpkt) | |

\\ /\ O isACK(rcvpkt,1))
Y
N

rdt_rcv (rcvpkt) 'l
A Wait for ' > ut
Ca" Ofrom Wait for udt_send (sndpkt)
above ACKO start_time:r
rdt_rcv (rcvpkt)
&& notcorrupt (rcvpkt)
&& isACK(rcvpkt, 1) rdt_rcv (rcvpkt)
e && notcorrupt (rcvpkt)
e £& iSACK (revpkt, 0)
E CiAilie Ll
ety Wait for
1dt_send (sndpkt) Wait for call 1 from
art_timer ACK 1 above

rdt_rcv(rcvpkt)

rdt_rcv (rcvpkt) && A
(corrupt (rcvpkt) | |

isACK (rcvpkt, 0)) rdt_send (data) - -
A Receiver will be
sndpkt=make_pkt(1l,data, checksum)
udt_send (sndpkt) same as 2.2

start_timer
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Transport Layer Reliable Data Transfer 3.0
(Packets can get dropped or lost)

rdt_send(data)

ESEer](jEBr sndpkt=make_pkt (0,data, checksum)

udt seno(sndpkt)

rdt_rcv(rcvpkt) &&
(corrupt (rcvpkt) | |

/—\ O isACK (rcvpkt,1))
Wait for

10f Wait for . e ot
call 0 from ACK 0 udt_send (sndpk

above
rdt_rcv (rcvpkt)
&& notcorrupt (rcvpkt)
&& isACK(rcvpkt, 1) rdt_rcv (rcvpkt)
&& ﬁotcorrupt(rcvpkt) .
e If we are waiting to
e i) senc! packet, but we
1 fr
de.aeid ACK 1 callinom receive a packet for
C/ T —— some reason, this
(comrupt (scvpkt) || \_/ ' packet must be a
— Sk e (os) duplicate packet, so

A sndpkt=make_pkt(1l,data, checksum)

udt_send (sndpkt) (j() r]()tt1ir]£3

t mer
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Transport Layer Reliable Data Transfer 3.0
(Packets can get dropped or lost)

Sender Receiver
send pkt0 « wPkto
- \: rcv pkt0
o p\c@ send ACKO
rcv ACKO . ok -
send pktl . t1 -
- « rcv pktl
. ,;c*‘ * send ACKl
rcv ACKl1 /
send pktO * Lxto -
- : rcv pktO
I‘/d& : send ACKO
v v

a. Operation with no loss

MONTANA
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Transport Layer Reliable Data Transfer 3.0

(Packets can get dropped or lost)

Sender Receiver Sender Receiver
send pkt0 « o Rkto send pkt0 : «~Pkto -
\ rcv pkt0 : \; rcv pkt0
:‘/d& » send ACKO » |.\d‘° . send ACKO
rcv ACKO . o .
- Pkt . rcv ACKO r—: Pkt1
send pktl . . M .
\ pesn ik send pktl : X (loss) :
s p&*\ * send ACK1 » o
send pktO * ka\‘: resend pktl - pk”\‘;
. * rcv pktO " .
- - . A . rcv pktl
:‘/d& : send ACKO :‘/CV* . send ACK1
rcv ACK1 - .
. * rcv pktO
- - . pC¥~ : send ACKO
v v - .
a. Operation with no loss b. Lost packet - /
¥ X
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Transport Layer Reliable Data Transfer 3.0
(Packets can get dropped or lost)

Sender Receiver
send pkt0 : «Pkto -
.\0 rcv pkt0
: pCE~ | send ACKO
rcv ACKO — Pkt1
send pktl \ rev pktl
- pELs ¢ send ACK1
- (loss)x/ -
timeout| ¢ -
resend pktl - Pkt1 .
: \: rev pktl
p.d*\ (detect
:/ : duplicate)
rcv ACKI1 - * send ACK1
. pkto *
send pktO * .
:\: rcv pkt0
:‘/d& : send ACKO
v v
¢. Lost ACK
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STATE UNIVERSITY



Transport Layer Reliable Data Transfer 3.0

(Packets can get dropped or lost)

Sender Receiver Sender Receiver
© Pk : : :
SRR st :m\‘: send pktO ; Pkto ;
: . rcv pkt0 :\2 kt0
. A . s * XCV P
: p>~ ; send ACKO : p¥. ¢ send ACKO
rcv ACKO — Pkt rcv ACKO /
send pktl :\3 rcv pktl send pktl[:Lkts :
: N & mexs :\; rcv pktl
: (Ioss)xy e timeout| I pyy o * send ACK1
timeout| * - resend pktl ;>P<;
. Pty . . * rcv pkt 1
resend pktl :\; rcv ACK1 * ¢\ . (detect duplicate)
- A  TCV PKEl send pkt0 : JRkto > . send ACK1
pC + (detect . :
. » duplicate) rcv ACK1 » « rcv pktO
rcv ACKI1 - Pk * send ACK1 do nothing e p\(,\’*o . send ACKO
sena pxtl o\ ./ .
- * rcv pkt0 - -
I‘/(,\L0 * send ACKO . ‘
v v ¥ v
¢. Lost ACK d. Premature timeout
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