Komunikace

Pfednésky z distribuovanych systému

Uroviiovi architektura protokold

Application
Presentation

Session

<
Transport protocol
Transport I SPOMPIOICEN. - > 4
(- Network protocol _______
Network 3
,,,,,,,, Data link protocol _______
Data link 2
Physical protocol
Physical 1

Network

Urovng, rozhrani a protokoly OSI modelu.

6.12.2004 DS - Komunikace

Uroviiovd architektura protokoll (2)

Data link layer header
Network layer header
Transport layer header
Session layer header
Presentation layer header
; Application layer header

I == B
layer trailer

%
Bits that actually appear on the network

Typicka zprava prenaSend siti.
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Linkova aroven

Time A B Event
0 Data0 |~ A sends data message 0
It
1 Data 0 B gets 0, sees bad checksum
A sends data message 1
2 Datat | _AConwolo| g about the checksum

3 [ Control 0 J&~ A Data1 |  Both messages arrive correctly

A data message 0
4 [Data0 . AContol®] & gye ™ wanto, not 1

RS
5 Control 1 & A Data0]| Both messagesarrive correatly
6 Data0 |-

7 \ﬂ Data O B finally gets message O

A retransmits data message 0 again

e2200  Stop and wait pratekelykandl se Sumem. 4

Komunikace klient-server pomoci TCP

Client Server Client Server
L S 1l
TSN L SYN,request FIN
2 i
__. SYNLACK(SYN) SYN ACK(FIN),answer,FIN 12
3 |
4 ACK(SYN) _ -
51~ ~ request > ACKEN) - —
RN :
6
__ ACK(req+FIN)
Time 9~ Time
ACKEIN
v
(a) (b)
a)  Normdlni operace TCP.
6.12.2004 - .
b)  TranddkdSpoies: TCp. 5
Middleware Protocols
Application protocol i
Application | [€TTTmTTommmmmmmmmmamm e e e > 6
Middleware 5
Transport 4
Network 3
Data link 2
Physical protocol »/
Physical 1
Network
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Konvencéni voldni podprogramu

Stack pointer

Main program's Main program's
local variables local variables
-« bytes

buf

fd

return address

read's local

variables

«—

@ (b)

a)  Prenos parametrti pii lokdlnim volani: zasobnik pfed voldnim

b Zasobnik pfi voldn{ — aktivni spodpro ram
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Spojky klienta a serveru

Wait for result

Client K_
Call remote Return
procedure from call

Request Reply

Call local procedure Time ——»
and return results

Princip volani vzddleného podprogramu.
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Kroky volani vzdaleného podprogramu

Vyvolani spojky klienta

Vytvoreni zpravy spojkou klienta, vyvolani OS
Odeslani zpravy do OS vzddleného uzlu
Predani zpravy spojce serveru vzdaleného uzlu

AR S

serveru

Spojka serveru dekdéduje parametry a ptedd je serveru
Zpracovani volani serverem a pteddni vysledkl spojce

7. Spojka serveru vytvoii zpravu a ptedd ji OS serveru

8. OS serveru odesle zpravu OS klienta
9. OS Kklienta pfedd zpravu spojce klienta
10. Spojka dekéduje vysledek a preda jej klientovi

6.12.2004 DS - Komunikace




Prenos parametri hodnotou

Client machine Server machine

Client process Server process
1. Client call to y
procedure Implementation 6. Stub makes
of add local call to "add"

Server stub —
Client stub ~al =2ddi))
2. Stub buids 5 Swp unpacks
message °
4. Server 0S
Client 0S ‘ Server 0S8 hands message
| J I to server stub

3. Message is sent
across the network

Kroky vyvoldvané pii vzdileném volani pomoci RPC
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s
Asynchronni RPC (1)
Client ‘Wait for result Client Wait for acceptance
N ~ R
Call remote Return Call remote Return
procedure from call procedure from call
Request /Acce t request
Request Reply g %/ pt req!
Server Call local procedure Time —» Server Call local procedure  Time —

and return results

(@) (b)

a) Kilasické spojeni klient-server pomoci RPC
s2200 D) Interakce s popZitim.asynchronntho RPC

Asynchronni RPC (2)

Wait for Interrupt client
acceptance .
Ciient P X
-~ “
Call remote fRemm . Ret \
rom cal eturn \
procedure results \ Acknowledge
Accept \
Request request \
Server 3 -
Call local procedure \ Time —»
Call client with
one-way RPC

Interakce klient-server pii pouZiti dvou asynchronnich RPC
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Vytvéreni klienta a servera

(_uuidgen
L Ige
v
Interface
definttion file
A 4
(IDL compiler)
- v -
‘Chemcode Client stub l Header Server stub Server code
e finclude | Voo | #inciude
R 2 . S
(C compiler [(C compiler | Ccompiler | [ Ccompiler |

Client Server
object file object file

Server stub
object file
l e —_ ¥

Rurtime Runtime —
%4—‘ brary Worary [ Linker )
v

Client Server
binary binary

6.12.2004

Vytvateni klieffa ¥8e¥era v DCE RPC. 13

Pripojovani klienta k serveru

Directory machine

Directory
sever el 5 poc .
3. Look up server | . 2 Register service
-

Server machine

Client machine

500RPC |
Client —

_—
4. Ask for endpoint -

Register endpoint

™~ Endpoint
table
Pripojovani klienta k serveru v DCE.
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Distribuované objekty
Client machine Server machine
- Object
-
Client Server V'S
[ I st
Same ‘
Ciient interface OO0 Method
imvokes — 1 » as object |
r —
a method ~ -
Skeleton -
_ Interface
’—‘pm 'T invokes
Y same method
| at object
Client OS ‘
-
N\
Marshalled invocation
is passed across network
6.12.2004 Volan{ vzdilenych %lgj_c tli s proxy na stran& klienta. s




Spojovani klienta a objektu

Distr_object* obj_ref;
obj_ref = ...;
obj_ref-> do_something();

//Declare a systemwide object reference
// Initialize the reference to a distributed object
// Implicitly bind and invoke a method

(a)
Distr_object objPref; //Declare a systemwide object reference
Local_object* obj_ptr; //Declare a pointer to local objects
obj_ref = ...; //Initialize the reference to a distributed object
obj_ptr = bind(obj_ref); //Explicitly bind and obtain a pointer to the local proxy
obj_ptr -> do_something(); //Invoke a method on the local proxy

(b)

a)

Priklad implicitniho spojovani s pouzitim pouze globdlnich
odkazi

oo Priklad explicitniho spojovdni s pouZitim globdlnicha |
lokélnich odkaz

Pienos parametrti

Machine A Machine B
" Local object “Remote object |
Remote object
. LO?_31|‘ LLJ Remote [ o2 i ]
reference ~ad reference R1

Client code with

RMI to server at C

\
AN
~

(erox) N ';‘;:rlsoni: N [ Copy of O1
Remote \\\\ | N
o E ] comarmioo
Machine C (Sn:'evts;;?rdnz\ementat\on)
Pienos objekti odkazem nebo hodnotou
6.12.2004 DS - Komunikace 17

Distribuovany objektovy model DCE

Server machine Server machine

Dynarmic
_(private) object )
Y 2-19 Named (shared)
object
Dynamic | Dynanic_ | I B S
| (private) object (private) object K \
) Remote
‘" reference
J . ¢ . K
Client #1 Client #2 Client #3 Client #1 Client #2 Client #3
(@ (®)
a)  Distribuované dynamické objekty v DCE

6.122004D)  Distribuované sdilenébightyuixace




Naléhavost and synchronnost v komunikaci (1)

Messaging interface

Sending host Communication server

Communication server  Receiving host

Buffer independent
of communicating Routing
program hosts

0 program
L

Routing

To other (remote)
communication
server

Local buffer
Incoming message

Obecnd organizace komunikacniho systému ve kterém jsou hosté propojeni siti
6122004
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Naléhavost and synchronnost v komunikaci (2)

Pony and rider

Post
office

T v
T | Post |
Mail stored and sorted, to office
be sent out depending on destination

and when pony and rider available

Naléhava komunikace pomoci dopisti (Pony Express).
6.12.2004
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Naléhavost and synchronnost v komunikaci (3)
A sends message A sends message A stopped
and continues A stopped and waits until accepted runnisg
AN running
A | A \
\ . Message is stored
P at B's location for
| later delivery ™ Time
_________________ B--- s rmm—
I — e —"
B starts and Bis not B starts and
Bis not receives running receives
running message message
@) (®)
a)  Naléhava asynchronni komunikace
6.12.2004 b)  Naléhavd synchignni kamynikace 21




Naléhavost and synchronnost v komunikaci (4)

A sends message

and continues

—

Send request and wait
until received

A | Message can be
\ sentonly if Bis
Ve runnin
”s 9 Request \
\
\ Time is rece\ved\ﬁ/ Time
B - —— B %0 =3
v - P ——
B receives Running, but doing Process
message something else request
© (@
c¢)  Piechodova asynchronni komunikace
d)  Pfechodova komunikace orientovand na pifjemce
6.12.2004 DS - Komunikace 2

Naléhavost and synchronnost v komunikaci (5)

Send request and wait until
accepted |

Send request
and wait for reply.

A 4;)_ ,,,,,,,,, A — -

Request Request \ Accepted

is received \ Accepted is received

— Time — ¥ Time
B —at P S
Running, but doing  Process Running, but doing  Process
something else request something else request
(©) ®

e)
f)

6.12.2004

Prechodova synchronni komunikace zaloZend na doruceni
Prechodova synchronni komunikace zaloZend na odpovédi
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BSD sockety (1)
Primitive Meaning
Socket Create a new communication endpoint
Bind Attach a local address to a socket
Listen Announce willingness to accept connections
Accept Block caller until a connection request arrives
Connect Actively attempt to establish a connection
Send Send some data over the connection
Receive Receive some data over the connection
Close Release the connection
Operace nad sockety v TCP/IP
6.12.2004 DS - Komunikace




BSD sockety (2)

Server TN

listen

0
| \
. ] ] / R
Synchronization point —P; 1 Communication ',
| /

/

socket Piconnect write read close
Client

Spojové orientovand komunikace se sockety
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Rozhrani MPI

Primitive Meaning
MPI_bsend Append outgoing message to a local send buffer
MPI_send Send a message and wait until copied to local or remote buffer
MPI_ssend Send a message and wait until receipt starts
MPI_sendrecv Send a message and wait for reply
MPI_isend Pass reference to outgoing message, and continue
MPI_issend Pass reference to outgoing message, and wait until receipt starts
MPI_recv Receive a message; block if there are none
MPL_irecv Check if there is an incoming message, but do not block

Nekteré z komunikaénich primitiv MPIL.
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Model front zprav (1)

Sender Sender Sender Sender
running running passive passive

Receiver Receiver Receiver Receiver
running passive running passive
@ () © @

Moznosti volné vazané komunikace pomoci front.
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Model front zprav (2)

Primitive Meaning
Put Append a message to a specified queue
Get Block until the specified queue is nonempty, and remove the first message
Poll Check a specified queue for messages, and remove the first. Never block.
Notify Install a handler to be called when a message is put into the specified queue.
Zékladni rozhran{ front v modelu front zprav
6.12.2004 DS - Komunikace 28

Zakladni architektura modelu front zprav

Sender

/

Look-up
transport-level Receiver
/ address of queue

(D

Queue-level /%
layer

Queuing &L@
layer k. address I
\ 3
Local OS { ~ Address look-up Local OS } \
~
| \ jl Transport-level
address

Network

Vztah mezi adresovdnim na trovni front a trovni sité

6.12.2004
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Zékladni architektura modelu front zprav

Sender A

Application

/ A Receive

by I
Send queue

6.12.2004

60 2

Router

Obecnd organizace systému front zprdv se smérovaci.

DS - Komunikace
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Prostfednici (Message Brokers)

Database with
conversion rules  Destination client

Source client Message broker
\
A | < I 14

Broker
program

F‘ = F‘ Queuing F‘
NEREN layer| |
0s T os T 0s
Network
Obecné organizace brokerti v systému front zprav.
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Piiklad: IBM MQSeries

Client's receive

Sending dlient Routing table  Send queue queve Receiving dlient
f \ i
v = \ : ¥
Queue \ Queve j
Program) manager [ | [ ] | | manager _ Program
S J N / T —
MQ Interface|
N
—— —
Stub Stub
1

Local network /o
/ Internetwork P
(synchronous) / (xkgn o other remote
Message passing — queue managers
(asynchronous)

Obecnd organizace systému front zprdv IBM MQ.
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Kanaly
Attribute Description
Transport type Determines the transport protocol to be used
FIFO delivery Indicates that messages are to be delivered in the order they are sent
Message length Maximum length of a single message
Setup retry count | Specifies maximum number of retries to start up the remote MCA
Delivery retries Maximum times MCA will try to put received message into queue
Neékteré atributy spojené s agenty kanald zprav.
33
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Ptenos zprav (1)

Alias table Routing table

Alias table  Routing table

[omp]

ome | sat
omc| sot LAl |QmA|  [GMA] SOt
omp[$a2] [LAz [ aQmD

?J sQ1

Routing table

Obecnd organizace MQSeries sitovych front s pouzitim smérovacich

tabulek a aliasq.
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Prenos zprav (2)

Primitive Description
MQopen Open a (possibly remote) queue
MQclose Close a queue
MQput Put a message into an opened queue
MQget Get a message from a (local) queue

6.12.2004

Neékteré primitivy IBM MQSeries MQI

DS - Komunikace

Sending process

Tok dat (1)

Receiving process

oS

» A |
@h{ Program %
A
Stream
¢ oS
Network
@)

Vytvofeni toku dat mezi dvéma procesy komunikujicimi siti.

6.12.2004

DS - Komunikace
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Tok dat (2)

Camera
= Display
Stream
— ]
Network
(b)
Vytvofeni toku dat pfimo mezi dvéma zafizenimi.
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Tok dat (3)
Stream Sink
Intermediate
node, possibly
Source ) with filters
Lower bandwidth
Piiklad skupinového smérovéni toku dat nékolika pifjemctm.
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Specifikace QoS (1)
Characteristics of the Input Service Required
emaximum data unit size (bytes) eLoss sensitivity (bytes)
sToken bucket rate (bytes/sec) sLoss interval (usec)
«Toke bucket size (bytes) *Burst loss sensitivity (data units)
eMaximum transmission rate eMinimum delay noticed (usec)
(bytes/sec) «Maximum delay variation (usec)
*Quality of guarantee
Specifikace toku dat.
6.12.2004 DS - Komunikace 39

13



Specifikace QoS (2)

Application
Irregular stream &’) One token is added
of data units to the bucket every AT
- e e X X )
L? —~ Regular stream
Princip algoritmu token bucket (vylévani).
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Vytvofeni toku dat

Sender process

N RSVP-enabled host
EY

i |— RSVP process
Policy
Application contral
Application |
data stream |
RSVP
program
Local 08 Reservation requests
Data link layer Admission . from other RSVP hosts
control <
T — .
Data link layer L L / N .
data stream —— N ys Y
X k /
| /
re
Local network
Setup information to ™~
other RSVP hosts

The basic organization of RSVP for resource reservation in a

distributed system.
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Synchronization Mechanisms (1)

Receiver's machine

Application
Procedure that reads

two audio data units for 0
each video data unit -
Incoming stream ﬂ:rt [[

Network

Princip explicitni synchronizace na drovni datovych jednotek.
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Synchroniza¢ni mechanizmus (2)

Multimedia control
is part of middleware

' A4
Middleware layer %
A

Incoming stream

Application tells
Receiver's machine middleware what
to do with incoming
Application streams

)

OS]

x
I

6.12.2004

Princip synchronizace podporované na vys§ich drovnich rozhrani.
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