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OOOOO ultiplus RM-OSI - UNIDADES
DE DADOS

RM-OSI - Principais
Funcdes
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IS RM-OSI - Interconexdes

Layer Name of unit
exchanged

Application protocol
SORENRON 4itsounici e S s =| Application | APDU

———————————————————————————————————— =| Presentation | PPDU
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ =| Session SPDU

———————————————————————————————————— | Transport TPDU
Communication subnet boundary

Internal subnet protocol

g
s
g

3 l Network I-— - >| Network |< < [ Network |<— -- >I Network | Packet
2 l Data link l<— - Data link I_, - [ Data link l<— == —I Data link | Frame
1 l Physical I—— Physical |< = -[ Physical |-~ - -l Physical | Bit

Host A Router Router Host B

Network layer host-router protocol
Data link layer host-router protocol
Physical layer host-router protocol

itiplus

Encapsulamento OSI

. l LTH‘ Data 7
i

____ | LGH‘LTH‘ Data 6 |
i

LSH‘LGH‘LTH‘ Data 5 |
i

-_-_-_-_-_-_-_-_-_-_-_-_-_-_iL4H‘LSH‘LGH‘L?H‘ Data 4 |
i

| 3 L I L3H‘L4H‘L5H‘L6H‘L?H‘ Data 3 |
i
_'_|LzH‘LaH‘MH‘LﬁH‘LGH‘UH‘ 2
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tiplus Servigos Orientados
a Conexoes

Camadas podem oferecer dois tipos de servicos as
camadas superiores: orientados ou ndo a conexoes

Analogia ao sistema telefonico e ao sistema postal
Podem ter ou ndo QoS (confiabilidade)
Servigo Datagrama — sem conexao/QoS

Q{%ggjplus Deteccéo/Correcéo de
erros
Correcao:
— Cdbdigo de Hamming (ECC) e retransmissédo TCP
Deteccao
— Bit paridade
— Checksum

— CRC (polinomial)
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Iniciativa da DARPA

Arquitetura Internet

Servico confidvel sem conexdes
Padroes estabelecidos por RFCs

Focada na Interligacdo de Redes (MAN e LAN)

oooooooo

Arquitetura Internet x

OSlI

Application Layer

Application Layer

Presentation Layer

Session Layer

Transport Layer

Transport Layer

Intemet Layer

Metwork Layer

MNetwork Access
Layer

Data Link Layer

Physical Layer

TCP/IP

05l
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Arquitetura Internet

Aplicacdes incorporam funcionalidades de sesséo e
apresentacdo quando necessario

Podem usar servico orientado a conex&o (TCP) ou néo
(UDP)

Com TCP ha controle de erro e fluxo, seqlienciacdo e
multiplexacao

Com o UDP, apenas multiplexacao
No nivel de Rede (Internet Protocol), ndo ha conexdes

Alguns Protocolos TCP/IP
‘SSHHH‘I‘TP“SM‘IPHPOPB‘
f tf Tt ]

55l

TCF H IPzec H TIDFP ‘
BGE T T T
OSPF
= ¥
F F F
AERP
] Ethernet ‘ ‘ H3IEI ‘ ‘ FFF ‘
‘ 106T H 1006T ‘ ‘ G703 ‘ ‘A’IM ‘ ‘ Va0 ‘ ‘Tunnel %—
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Formato do Quadro
Ethernet/IEEE 802,3

Fighd Lengih,
n E:{'ei Ethernei
8 [ § 2 45-1500 4
Deatination Sourca
Praamble e u Typ Dat Fes
Address Addrass
Field Lengih,
in Byles IEEE 802.3
7 1 [3 ] 2 48-1500 4
I3
g
Pragmible | O Destination Sourca Langth B02.2 Hoader .
F Address Address and Data

S0OF = Start-of-Frama Delimiter
FCS = Frame Check Sequence

LhOT0E

oooooooo

MTU e MSS

TCP packet length

| reprz |

MSS

PL=MTU

IPHL

DpP
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°°°°°°°° Sockets TCP/IP

Transporte Confiavel na rede ndo-confiavel

Process X Process Y connestions
Tt N | | pavt sockats
raliable
‘r L ety TeR

Tt‘l‘ wmlnctwn
IP addresses
unreliahle

17 datagrams
host A host B

Request

[ o [2m ] | =
[Pt 1-992225] 0 |

% ") Internet -
-— | .—i

Client Server
177.41.728 Response 41.199.2223

[Somes Tavimszs] 5o
[Bstaton 741725 | 022

oooooooo

Q//mplus Multiplexacéo e Splitting

DNS DHCP

e SMTP
‘ =E ‘ ‘ = ‘ ‘ 2L ‘ LaEr ‘ TCPMW‘ ‘LIPPCN’TSS‘ LIPN!TST‘

‘ TCP Port 25
TCP25 j

[ 1%

I

54

Internet Protocol

Client Server
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Transporte TCP

Byte Stream
0 Sent B
Application

Transmission Control
Protocol (TCP)

Bytes Packaged
Into Segment

Segment
Encapsulated
Into IP Datagram

Application Protocol

Bytes Unpackaged
From TCP Segment
And Passed To
Application |4

n Control
Protocol (TCP)

Segment
Removed From
IP Datagram

Internet Protocol (IP)

- -
IP Datagram
Client In Transit Server
L] 13
ultiplus Retransmissao PAR
Device A Device B
"’;‘ Send Message
\J and Start Timer | ————
0 Message
! E— Receive Message
‘;. Send Acknowle dgment
E) Acknowledgment
=i Received
; Send Message
\J and Start Timer ‘""‘"—-—-—-.._,X
8 Message Lost
{Acknowle dgment
' Mot Sent)
E (Acknowle dgment
0 Not Received)
¥
. Timer Expiration
4. Re-Send Message
“/ and Start New Timer
. Message
1 T Receive Re-Sent
H Message
v Send Acknowle dgment
Acknowledgment
Received

PAR - Positive Acknowledgement with Retransmission
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C%ltiplus

Retransmisséo E-PAR

Device A
6 Send #1 |- Message #1
"1 Send #2;
. Must Stop f—
¥ . (Send Limitis 2) Message#z____ p—
: " ——— Limit=2
= —
' Gan Now seni #3 — Ack #2 -
Can Now Send #3 -
Message #3 — |imit=2
: g*k o T,
# Can Now Send #4
v B ]
! Ack#3 Received, g S
e Cannot Send 4
=  (8end Limit Now 1)
Timer Expiration,
Re-Send#4 Message #4
24
; ack#4 —
M " Limit=2
e
6 Send #5 and #6 [~ pessage #5
' b(s“d ! 4 )
: Message #8

E-PAR — Enhanced Positive Acknowledgement with Retransmission

Device B

Receive # and
Send Acknowledgment

Receive #2 and
Send Acknowledgment

Receive #3, Send
Acknowledgment and
Lower Send Limit

#4 Not Received

Receive #4, Send
Acknowledgment and
Raise Limit Back to 2

Receive #5, Send
Acknowledgment

C%ltiplus

o Transporte

Arquitetura TCP/IP

160

TCP

UDP
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Q%ltiplus

Three-way handshake

Arquitetura TCP/IP

Client Server
LClient State Server State
Wait For Server
Passive Open: *
Create TCB
Active Open: Create LISTEN

TCB, Send 5YN

— ®

v sYN Wait For Client
Wait for ACK Receive 5YN, r
to SYN — Send SYN4ACK
SYN+ACK __S‘F'N—RE:BUEJ
Ack Num = 4,568
‘__,_Seq Num = 12,938
v Receive SYNACK, . Wait for ACK
Send ACK '@ to S¥N
~—~
ACK
Ack Num = 12,399
Receive ACK

TCB — Transmission Control Block

ESTABLISHED

&
-+

Q%ltiplus

Rede

Arquitetura TCP/IP

0 3 7 15 23 Moo 11 15 23 31
VEr|IHL | ToS Total length Ver| EEE: Flow label
. . Wext -
Identification = | Fragment offast Payload length . | Haop limit
TTL | Protocol Headear checksum

Source address (32 bits)

Destination address {32 bits)

Options Padding

Source address (128 bils)

IPv4 header

Destination address {128 bilts)

Basic IPvE header

16/05/2011
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IPv4

|IPv4 Header

L N AR s 1 [ ET
0 . IHL (Header .
Version Length} Type of Service (TOS) Total Length
i i i i i i i i i i, i i i i i i i i i
4 Identification I:' F[I)ag;.;.' Fragment Offsel
20
8 Time To Live (TTL) Protocol Header Checksum Bytes
12 Source Address (Internet
Header
) S ) S S S S S S S S S ) (S S S S — ——— — - Length)
16 Destination Address
i i i s S S i S [ S S i i i S s |
20 IP Option (variable length, optional, not common) _E
T T T L) T T T I T |I| L) T T T ' T T T |2|l T T I T T T T T I3I
Bt %0 1 2 34567889 ,312345%789 4731234567829 ,51
| inble —}—Byte — -} —ward >|
\W Itipl
(ltiplus
Bits 0 1
IPva TOS Byte
Precedence
:
\ DTR-Bits
RFC 1122
Bits (0-2): IP-Precedence Defined Bits (3-6): The Type of Service Defined
111 - Network Control 0000 - [all normal]
110 - Internetwork Control 1000 - [minimize delay]
101 - CRITIC/ECP 0100 - [maximize throughput]
100 - Flash Override 0010 - [maximize reliability]
011 -Flash 0001 - [minimize monetary cost]
101 - Immediate
001 - Priority
000 - Routine
Layer 3 QoS DSCP
- T
Y.::;l’: Tos | Len | 10 |oftset| TTL | Proto | Fos | 1P-sa | ip-DA Dat:| L:’r:;"‘ g;g Len | ID |Offset| TTL | Proto | FCS | IP-SA | IP-DA| Data
= . 1Pvé Packet

N R 3
IP Precedence Unused Bits
~ < Flow Control
DSCP for DSCP

First 3 MSBs define the IP Presedence or Type of Service
(DiffServ May Use Siz D.S. Bits Plus Two for Flow Control)

200

/1nrc 2474 DifSery Bi'sHRFC 3168 IP ECN Biu|

e —————————
DiffServ Code Points (DSCP) | ECT | CE

Congestion Experienced (CE) Bit

0= No Congestion Experienced
1 = Congestion Experienced

ECN-Capable Transport (ECN) Bit
0 = Non ECN-Capable Transport
1 = ECN-Capable Transport

2008

16/05/2011
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TCP Peer A

Seqgment 1 Seq #=100g s
Segment 2, ge #2000 ECN=11

Segment 7 Seq #=7040 —

v
A\

— ;/ _Z:_
SYN + ECE-
"W &
+ECE
& «— SYN+ACK T Moy T
£ C’(*EC
s 7 - S~
e ACK \
x
TCP / pot Sty
- X
S
ECT 10- \e
TcP - pOF CT;;\
/ 0/ o \
TCP AN 4
P / kac’e CWR
pO R,
TCP / a/

W
REAGE COMO DW
TCP
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°°°°°°°° Fragmentacao
Net 1 _ o T Net 3
MTU=1500 rll?l'tuz=1000 MTU=1500
G o0 B

©

Fragmentation offset = multiplos de 8 bytes

IP Header
(20 bytes) 1480 bytes
IP Header * IP Header **
(20 bytes) 976 bytes + | (obyesy | 904 bytes
\ Fragment offset = 0 \ Fragment offset = 122
More fragments = 1 More fragments = 0
* (maior multiplo de 8 que + 20 n&o passa de 1000) ** (1480 — 976 = 504)

oooooooo Légica da Fragmentagao

Retirar do MTU original os 20 bytes do cabecalho IP > VALOR 1
Calcular o maior multiplo de 8 que somado aos 20 bytes do cabecgalho
IP ndo passa do novo MTU. Este é o tamanho do novo segmento TCP
- VALOR 2
Colocar no fragmentation header do IP

v' Fragment offset =0

v More Fragments =1
O complemento deste fragmento tem VALOR 1 — VALOR 2
Para este novo fragmento, colocar no fragmentation header do IP

v" Fragment offset = VALOR 2 + 8

v' More Fragments =0

16/05/2011
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Agora facga !

IP Header 2
(20 bytes) :
IP Header IP Header
(20 bytes) ? + (20 bytes) ?

Fragment offset = 0
More fragments = 1

Fragment offset = ?
More fragments = 0

%ltiplus

Resposta !

p- B8 -

IP Header
(20 bytes)

1480 bytes

IP Header
(20 bytes)

1176 bytes

IP Header

+ | (20bytes)

304 bytes

Y
\
\
\ Fragment offset =0
More fragments = 1

VALOR 1 = 1500 - 20 = 1480

\
\\
\\

A

Fragment offset = 147
More fragments = 0

1200-20 = 1180 + 8 = 147,5; maior valor divisivel por 8 possivel = 147; 147 x 8 = 1176;

VALOR 2 =1176
Na figura;

Segmento restante = 1480 — 1176 = 304; fragment offset = 1176 + 8 = 147; more fragments = 0

16/05/2011
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