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— Data link layer header

— Network layer header

— Transport layer header

— Session layer header
Presentation layer header

I’ Application layer header

layer trailer

e TR

v
Bits that actually appear on the network

ol &9 398 (5o




00D 22598 s Dbl 1 (5l @2 po Joro

.>3.~b s asls| Middlewal‘e &.i.’ S O é)}g.’ rg.’fuw )Q

T !

Application RS el R > 6

| . I
Middleware protocol

Middleware I > 5
| Transport protocol |

Transport I i T e e e & — 4

Network protocol
Network | oo S i > | 3
________ Data link protocol ________

Data link i > 2
I Physical protocol I

Physical ik > 1

Network

ol &9 398 (5o




S O @)9.: W )O 4&{.& UUQL:J)‘

9 cwl bliyl o Middleware U gop,ls a¥

e (60,5 Y wo 31y b5 i Middleware
Dyl o0 &S

Sly ly Ol )l wigmw o o2l ¥ aabyg Middleware

A5S (o0 w8159 (60 2,8 Y

ol &9 398 (5o




Middleware U/

(Transparency) coslas -

'LS}L” u.i.o.b =¥

ol &9 398 (5o




(Persistent) ,losl

(Transient) ,lasb G

(Synchronous) s5os

(Asynchronous) Kol

ol &9 398 (5o




sl bLS

ool JUl 300 (gl tomm 90 &5 (B9 Hluly bLI)HI )0

Dbl (g ) 0 S A G (55 Hlauly BLIH o

ol B9 p20 Jud Qo o 4 LGl

ol &9 398 (5o




Sl bLS |
Pooed oly J g0 a5 89 Hlaubl bLS,l o

.S gu Wf 'ol:.u S| u&o.c IS 0 oold JL‘L»A‘

bl gy 0d S Wb Hlau LG BLI I 5o

ol &9 398 (5o




‘amu 9 ‘clio& Jal.é}‘

| 00l A8y gl Cawlgs 50 0gud iadao B g
& ply old bexd amoe 4 cudiwyd Kl bla,l o

DB o doldl g,

ol &9 398 (5o




(RPC) 900l sl agy (Slozly8

) 95 oy a9y Slel o cuwl (ul RPC 6l55l0 ouy| €
o 9 w0 plxl (o (Jlg=lye b alde (VI 2>
EMbl Wl laslyd a5y wibl Sl RPC ualys
5 ogd oo Iyl 65590 amalS 45 45 Bl axdls
(wss 5

o Cuncd (lodes JamolS ;o a5 1) (g ymmmgy b 2l €
Sl g md (0 HlB &b e 1) Obld)l 9wy

g 42 930 |dso i gunolS
0 21595 (§Leoumnw




o A9 Slg1y8

Stack pointer

Main program's Main program's
local variables local variables

nbytes

buf

fd

return address
read's local
variables

(a) (b)
read Jls>13 51 8 ity g o Jlol (oo 4yg) Sl 3 50 o5 oo zall @

ol b Slgl 8 g, a8 b o anss (b

ol &9 398 (5o




OUIDS (gt 9y § O Sy gy (5B Aigod

Wait for result

/

Call remote
procedure

Client

Request

Server —————--——-----

Call local procedure Time —»
and return results

0 S (i g 3w 9 0N piS (ywi 9y 4oli 2y RPC Lol

ol &9 398 (5o




(V) 598 oly 49 Slgz 18 Jol o

Gole gy @ ly) oaipS (pugpw diged 0XipS wgpw dig) o)
WSS o lglyd

Jole i 9 3lw (o0 1) (ol 0di puF g (Stub) aiy, ¥
WS (o0 (SlgZl 0 1y 590 o

0 29° ol Jole o @ 1) ply 0t S (g pw Jole piww -
s 39

B (o0 0SB g 9w Aty A | ol 590 oy Jole e —F

QDS (g yw 9 WS (o0l piwl |y yolyl oaids g pw ado; -0
Ao (o0 (Slg=1 3 1,

ol &9 398 (5o




(V) )99 °|) 9) @‘9—"‘)5 J—‘>‘)-o

SO P Ay Ay Al g w0 plxil 1y 415 cuidd g P
&l )8

9 WS (o0 G A ply 50 1) Al oudO g Ay -V
wlod oo Sl 1y 095 (Axo Jolo o

o g Jole o a1 1y ply 00sdd wgmw Jole piwesw —A
RUCIVRN- I N e

(0 0N g5 gy dlay ) ply cond S (g Jole i 1

RU V- Ju

310,550 2 005 15 (g g 41 9 WS (0 ]yl |y ol Aoy )

ol &9 398 (5o




RPC PL )-uo‘)b JLM)‘

Call by value -\
i y8 (0 1y yielyly lade

Call by reference -Y
Og.w O OQLZM)S ).a.obb &&0 ud)ob‘ ‘JLwﬂ u-" L

Call by copy/restore (Name) -¥

ol &9 398 (5o




(aell) oo b o el b Jlos)

Client machine Server machine
Client process . Server process
1. Client call to :
procedure Implementation 6. Stub makes
of add local call to "add"
_ Server stub _
— 1 k=add(i)) — Client stub o L k=add())
< I n // \ - n
proc: "add proc: "add 5 Stub K
int:  val(i) 2 Stub builds int:  val(i) . Stub unpacks
int.__val() message int.__val()) gssdde
A
. proc: "add" 4. Server OS
| \_ int:_val(j) Y, I to server stub
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Client Wait for result
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Call remote
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Client  Wait for acceptance

/ \
Call remote Return
procedure from call
Request Accept request
Server Call local procedure Time —»
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Wait for Interrupt client
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e o Distributed Computing Environment DCE
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[ Uuidgen

Interface
definition file

[IDL compiler]

Client code Client stub Header Server stub Server code

\ 4 \ 4 \ 4 \ 4
[ C compiler J [ C compiler ] [ C compiler ] [ C compiler ]
\ 4 \ 4 \ 4 A 4
Client Client stub Server stub Server
object file object file object file object file
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= Runtime Runtime .

[ Linker library library Linker ]
\ 4 4
Client Server
binary binary
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TCP/IP ¢lp cSgmw al b wldos

0 0’0

Primitive Meaning

Socket Create a new communication end point

Bind Attach a local address to a socket

Listen Announce willingness to accept connections
server lass : , _

Accept Block caller until a connection request arrives

client Las 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
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Server j
socket —» bind ¥ listen accfpt Receive [ Send —p{ close
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: | ! \
Synchronization point —— I Communication !
I

/ \

Y ! |
socket » bind connectF send ——p Receive =P close

Client L /)
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(MPI) sl dols Lol

MPI oLy dole (Primitive) 4l b wldos ooy 31 i

Primitive Meaning
MPI1_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 is none
MPI_irecv Check if there is an incoming message, but do not block
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Sender Sender Sender Sender
running running passive passive

L L —— — = = =

< |llll <
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Receiver Receiver Receiver Receiver
running passive running passive
(a) (b) (c) (d)
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0930 (S 30 43 Wb s g wibly (s 0010 5o ol wiilgl (oo b plyy

g (DO
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
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Look-up
Sender |- transport-level Receiver

/ address of queue

Queuing ‘l’a Queue-level ,,,.,«/|_‘EL‘ QU?ELE

layer 'y address 1

Local OS ™ Address look-up  |Local OS \

database j <
\ Transport-level
address

Network

A el (PO gyl g o gl B )] s alal

ol &9 398 (5o




(1) pl (g9 o o (L5 (5 Loxo

Syl Gl g Wl oud @398 uiile (pasa ;0 b s I (gl acgomo
Gl (S0 Wb oS Jaln 1y ply wilet ply (guss o i
led ()l 1y as b o 4 b

el Cd gyl 30 DNS 31 oolasw! duady CclblSS oy
g o0 0yl0] o oyl o dbawg o b o
Jolsi 055 g0 b wiwyd o0 ) ol 45 (60,5 b Lodtiaane o 9 cke

Cugli b Ol pmn o a5 05,10 0929 (ols o gl paw Ll L300
oS = J.o.c ol

ol &9 398 (5o u




(V) ply (g9ds o s (IS (550

Sender A

Application
RE Application

[
Send queue / :
(11 €

CF{eceive
qtf?‘i R2 El\f )
11— \ Message <> 1=
T
1711
T

| |
S,

] \‘I‘ — Fe/
L1 - - lﬁ Receiver B

Application

Router

ous &3 395 (5 Weodumus




(V) Lo (Broken 1,135,

O3l bawgi &5 (5ysb 4wl (53959 G ply Jod Lol Sun

oS g S S0 (I o f“""“""“‘")‘ ‘s.w.‘m ,nLv Qb‘}f)lf

Ll 8 9005 Camols gl ol o155 ,0 31 solaul

(0 &5 2,00 g9 b aolip g (iled 5l (Fi5o by (15,0 S o
&S Lo T2 a1, T1 g5 51 ol Silgs

ol &9 398 (5o




(V) el oH155,8

Repository with
conversion rules
Source client Message broker and programs Destination client
\ \ / /
\ \ | [

Broker
program

E H UL"JQU‘?&;@%

oS A 0S E‘ 0s
)

Network

el G o w0 ply o135, (5 Lo jlu

ol &9 398 (5o




(V) Data Stream ools L >

Cawl 0818 sy ualg 51 ol Albs eols U

ol dtsinS § A gy dilu )y 1 Wlgi (0 031> s 4L =
N g

o lod 1 Jlo .ol e diwgus 000 s 4L > Gl o)
WsinS (5131 b gliai Jlo catwan (gl s

S Sl o Ysoro Sloj gl ase a4 alows ol
g (oo JB pled ( JUi! caliso

ol &9 398 (5o




(Y) oolo 4L =

o3ld b s> G o b ools oMl asynchronous sKaal Jls! cll> 4o
OBl gl (oo Jiiio 65590 3l e (9 (Floj Cedgae (W
VU SR W I L SWOW - L 0lg.).?).>f>!9m

S99 Lgil 4 ksl ol ,iSlas synchronous ses Jlisl cdl> 4o
A9 A5 Camnd e ol 00l Ly 25 0010wy & gl &5 9,10
S i Jle B b ogd Jite sl Slas Gl 5 @ ool
o olas 5 b (gl S

col Sy ol O Ll wb dasochronous bojes JEs! cdl> 4o

Lo g0 0,05 Jlo 09 cule
0 21595 (§Leoumnw




(Y) ools 4L 4=

Aol RO Y] L colw M‘g.: s I-3 ub).‘>

a5 Jb> joccasl b oald 3l dllis SO Jolds kadd simplex oolw )b ,>

»i el @ dad g oolw b e W Jold compleX say b=

.l substream b L ,>

Sl diadlg (yloj 4 cosuzma by )0 B by 2 o BLI)

a8 JUESI L g9 yiwl (slowo (JLw

ol &9 398 (5o




(F) oolo 4L =

Stream synchronization

Multimedia server Client /

et

Compressed control
multimedia data

Stream / | Stream

de$oder decoder
QoS T
control

]

Network

A (69 0 0 S gl dilwy Wi g sols b o ol A5 (5 loxo

ol &9 398 (5o




(V) 9y CntnS

oW 9w CatS s sl ylone a4 Yeoxo (Jloj (Sl ool

Jag.w P e.x,,ols (QOS)

:agﬁsoo%u@qm)“’}@mab»w
Eay
Cosl)

o)"J..S‘ 9 W—Y

(Ua s pds Jood) yloadol cobls =Y

ol &9 398 (5o




(V) 9y CatnS

:Q0S ¢l p Fluogas
Qg Jaiie Wl e ool a5 5Li 0,50 S 755 )
£, Wlg3 (o 0I5 &5 Sloy (m) Cenets 5180 sl 3l 2STas Y
(LS b oolo Jlo,l 4
(G 05,5 & b 00lo b 0t o Jobo jad>) Lol 4 Ll b aSTas -
Jitter 53,0 b 53U il ly s2STas ¥

Een s

ol &9 398 (5o




QOS (5,5 ol 8

Packet departs source 2 4 6718
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Lost packet

Sent 11234 5(|6||7||8 91|10 |11] |12 13| (14| |15]| (16
Delivered 1 2 3 4 5 6| |7 8 9| (10| (11| |12]| |13] |14]| [15]| |16
- >
Gap of lost frames
(a)
Lost packet
Sent 11(5]]19]|(13 2116|1014 3| [[Z |11 [15 41(8||12||16
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Receiver's machine

Application
Procedure that reads
two audio data units for
each video data unit |
\\ |—>
N
Incoming stream A A >[:|
\ oS
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Receiver's machine

Multimedia control - /
is part of middleware ARRIEANgD

Application tells
middleware what
to do with incoming
streams

Middleware layer —{

gll

A
Incoming stream ? OS

________ N g
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Multicast communication

e Multicast communication: sending data to multiple
receivers simultaneously

e Node organize into an overlay network, which is
then used to disseminate information to its members

e Two ways for organizing the network:

Tree-based network: a unique (overlay) path
between every pair of nodes

Mesh network: every node will have multiple
neighbors, hence multiple paths between pair of
nodes (more robust)
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