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TANENBAUM and MAARTEN VAN STEEN, 2007 Prentice-Hall.

35 (3L 39 140 e ol 558 1y yo0

00 82595 Sl (s Aot Jgl Jad
o (g loso ipgs Jad

loas] 3 spgm Jua

olbls,l eyl Jad

(0 i) g Kl 1oy uad

Sibe plajen i picds Juad

(W3 B3>) 555 9 6,55l 1 e Joad

(A BI>)las Lg).g'..\.; loxs RO J..as



http://www.foxitsoftware.com/shopping

FRWWp PRTY) S pmsw g gl dondio 1 Jgl Jad

e s S O jgem )5 (Gl a5 (Keal g St (6la FgalS 1 (6l Acgamme ol @3 3T o Ry p2
Dgd oo yollb ax LSS g

FRRV-P)

D9 o0 Lzl gl 4ol Lz S5 o 00l w9 ole s

i 4D o Jole pans 5l 5 odizmy CSle 0d e la Jele pae

Selo JUSw oaijlo y0 oS 12 g8 (o0 5 Bend BLSIL lo s Bl (85 00l @558 sl s &
Syl Jae aladl> 4

W GlSy Sl JUSw b 0aiilo a5 12 oS (o0 598 bLII L sl s (sl 003l iz b it @
ledy) 9 Al slo gl Dglds el (Aoue ()5 s 5l 45 0ad @595 Gla e poe Dloogas 5l (S
S (oo )8 Bl o bl senels cnl sl 325k 5l a5 ol

ol Tl 000 555 (Sl s S

sty (505 SIS el el o s 53 JBlS &g Vgoma wnil o 3 (Bge 5k o) 5| (ol (sleions 5]
Ol & it Sloy Sloas jslate a4y aSWigd (oo b i (59,5 aBlol b e ()] jasi by g (A9 az g
DS oo Dge )8 sl aslp g

Sl o SaaelS 51 (o5 998 07058 LSy D90 4 FeelS wiz )3 Glajes (SleMbl ST oad @595 piass )
b (oo Rl BI Gliebl Sl Sl cnl 5l g 0557 b5k s o FgnslS 5l Ol (e ]y Dledlbol o9l

ez Ll oo plesen asliy SG oS Lz Canlo sl (sli2l (VL s 00D 1565 s e Shl3e 5 S
S ool ol Lzl gl isasels

! o&)‘b)gio.;.g Jolio 50 ouls &P o <o lzo

el ol Sl @




RO TP RS IWeuw s3>
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Machine A Machine B Machine C

Distributed applications
I I I I

Middleware service

Local OS Local OS Local OS

Metwork
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Client Server
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Pitfalls when Developing Distributed Systems

False assumptions made by first time developer:

e The network is reliable.
The network is secure.
The network is homogeneous.
The topology does not change.
Latency is zero.
Bandwidth is infinite.
Transport cost is zero.
There is one administrator.
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(Distributed Computing System) oo a3 595 Slewloes i )

- Cluster computing systems
- Grid computing systems

(Distributed Information System) couis & 595 SleMbl i =Y

- Transaction Processing Systems
- Enterprise Application Integration (Exchange info via RPC or RMI)

(Distributed Pervasive (Ubiquities)/Embedded System) ool as 595 157,800 duss i -V

- Home Systems (e.g. Smart phones, PDAS)
- Electronic Health care systems (Heart monitors, BAN: Body Area Networks)
- Sensor Networks (distributed Databases connected wirelessly)

Cluster Computing System &G wlasine
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Master node Compute node Compute node Compute node

Management Component Component Component
application of of of
parallel parallel parallel

lm‘ application application application
| Localos || || Localos || |[ LocalOs |
| I L

Remote access r
network

High-speed network
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Applications

Collective layer

Connectivity layer }—{ Resource layer

Fabric layer




Grid Computing Layers

Collective layer: access to multiple resources and typically consists of services for resource discovery,
allocation and scheduling.

Connectivity layer: transfer data between resources or access a resource from a remote location
Resource layer: managing a single recourse such as creating a process or reading data

Fabric layer: provides interface to local resources at a specific site within a V.O.
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Write <Read «Begin-Transaction : ol abls aulb oSy SO a8’ Slyews JSlos

End-Transaction = Commit, Abort
Nested transaction

Subtransaction Subtransaction
L | L ]

=

Airline databas% /Iv—mtel database

Two different (independent) databases

A nested transaction

Transaction Request

Server 4@
Requests
Request
Client _ -
application | TP monitor @

) Reply

Request

The role of a Transaction Processing (TP) monitor in distributed systems




Enterprise application integration (1)

Client Client
application application

Communication middleware

Server-side Server-side Server-side
application application application

= = =

Middleware as a communication facilitator in enterprise application integration

Enterprise application integration
elas Wigl e oolazwl Enterprise applications 51 Slociy gl p  Solaie ldSSy, o middleware gle acs

CORBA (Common Object Request Broker Architecture)
DCOM (Distributed Component Object Management)
RPC (Remote Procedure Call)

RMI (Remote Method Invocation)
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Electronic Health Care System :\ L.

Wireless Sensor Network ¥ L

o5 38 e S s 5L

e Embrace contextual changes (i.e. 1 was a phone now | am a web access device. A device must
continuously be aware of the fact that its environment may change)

¢ Encourage ad hoc composition (used differently by different users, e.g. PDA)

¢ Recognize sharing as the default (easily read, store, manage, and share info)

Electronic Health Care Systems

¢ Questions to be addressed for health care systems:
e Where and how should monitored data be stored?
How can we prevent loss of crucial data?
What infrastructure is needed to generate and propagate alerts?
How can physicians provide online feedback?
How can extreme robustness of the monitoring system be realized?
¢ What are the security issues and how can the proper policies be enforced?




Electronic Health Care Systems :

N External
\ storage

| ————>»

| GPRS/UMTS

body-area network
(@

body-area network
(b)

Monitoring a person in a pervasive electronic health care system, using (a) a local hub or (b) a continuous wireless
connection.

Wireless Sensor Network

0 o o0 Base — Station (Sink)
.\. o
o So—>¢
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Wireless Sensor Network

e Questions concerning sensor networks:

» How do we (dynamically) set up an efficient tree in a sensor network?
» How does aggregation of results take place? Can it be controlled?
» What happens when network links fail?

Sensor network

Operator's site

@ Sensor data :

is sent directly
to operator

(@)

Organizing a sensor network database, while storing and processing data (a) only at the operator’s site or ...

10
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Each sensor
can process and Sensor network
store data

EEEE—
Sensors E

send only
answers

Operator's site

Organizing a sensor network database, while storing and processing data ... or (b) only at the sensors
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Layer N-1
]

Request : Response
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‘ Component ‘ ’ Component ‘

Data delivery Publish

Shared (persistent) data space

(b)
DS o )85 bLs | oo b S e sols (slad o 3o,k Il ol s @
Share distributed file systems L 5 g p oo 00l 23585 i 1 Jle @

Sl gy y (o G loxo-F

Component Component

Event delivery

< Event bus >

Publish

Component

(@)

« Communication via propagation of events
* Mostly Publish/Subscribe
« E.g. register interest in market info
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(Client Server) S joie -\
Application Layering
Multi-tiered Architectures

S peie yub =Y

Structured P2P (Peer-to-Peer) Architectures
Unstructured P2P Architectures
Topology Management of Overlay Networks
Super peers

Edge-Server Systems
Collaborative Distributed Systems




Wait for result

Request

Server
Provide service
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Application Layering
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el )8 b LU, )15 5 398 o 53k 00ly E RS g s Lansgs Vgonso®
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User-interface
User interface
HTML page
Keyword expression containing list

HTML
generator Processing

o ‘}_ Ranked list level
generator

of page titles
Ranking

Database queries algorithm

Web page titles
with meta-information
Database Data level

with Web pages
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(3 Tier Architecture) o ,lo  yile g45 aw 550 ylojles

2 Tier Architecture

Client machine

‘ User inlen‘aqgl ’ User imerface‘ User interface | User interface User interface ‘

i

N Application l Application Application ‘
~-—.¢“, n__f‘é/ Dalabasei
User interface o $7_7‘“"""‘*-f-zn,_;“»

| Application

‘ Application ‘ ‘_'Applicaﬁon

| p
| Database ] l Database ‘ ‘ Database l { Database | [kJDaiabase

Server machine
(a) (b) (c) (d) (e)

Client
Client

Alternative client-server organizations (a)—(e).

3 Tier Architecture

User interface Wait for result
(presentation)

Request

: Return
operation

result

Application Wait for data

server

Return data

Database
server

An example of a server acting as client
35 oo s (5loxe
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Topology Management of Overlay Networks

Structured
overlay

Protocol for
specific
overlay

ﬁ Links to topology-
—:\\T specific other nodes

A
Random peer

overlay

Protocol for
randomized
view

Links to randomly
chosen other nodes
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Topology Management of Overlay Networks
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Super peers
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Regular peer

Superpeer

Superpeer
network
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Edge-Server Systems

(0 O O Client

Origin server

LI O Client LI Client
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Collaborative Distributed Systems

Bit Torrent L S ,:il g : b

Bit Torrent: is a P2p2 File downloading system. It allows download of various chunks of a file from other

users until the entire file is downloaded
Globule: A Collaborative content distribution network. It allows replication of web pages by various web

Servers




Many trackers, one per file, tracker holds
which node holds which chunk of the file

Information needed to download a specific file

\
\
\

Client node Y
K out\_of N nodes

\

A
<

Lookup(F) \

<
A BitTorrent N torrent file & List of nodes
Web page Ref. to for F Ref. to storing F

file tracker
Web server  server File server Tracker

Node N

A S pele TTacker ¢ 35 aie & LNOde

Collaborative Distributed Systems
Components of Globule collaborative content distribution network: (replication of web pages by various users)
e A component that can redirect client requests to other servers.
e A component for analyzing access patterns.
e A component for managing the replication of Web pages.
e Example:
» Alice has a web server; Bob has a web server
* Alice’s server can have replicated contents of the Bob’s server and vice versa
e Good if your server goes down
e Good if too much traffic that your server can not handle or server gets too slow
e Better Geographic diversity
¢ End users voluntarily provide enhanced web servers that are capable of collaborating in the replication
of web pages

3 oo Jlio 50 35 yodo pus (5loxo
sl 00l 35 pate il (gl 00idd (g e Ay Cund 3 pale (Sld 01RO g Zu e @
3,05 9525 oIS Ygans 55 patte oSep 35 rale ué (slo 0t gy o @
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¢ Self-Management in Distributed systems:

« Shield undesirable features (hacks, garbage, spam)

* Self-Adaptive

* Monitoring and adjustments should be possible
¢ Allowing automatic adaptation to changes (also called “autonomic Computing” or “Self-star

systems”)

* Self-managing

» Self-healing (through replication)

* Self-configuring

* Self-Optimizing

03973 J S

Uncontrollable parameters (disturbance / noise)

k.
Initial configuration ~—  Corrections o Observed output

) Core of distributed system
3

Y

Reference input
Adjustment l Metric

estimation

measures
A ‘

Analysis

Measured output

Adjustment triggers
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avg_load | avg_mem | avg_procs
0.06 0.55 47

Machine A Machine B Machine C

I
L IP-addr

192.168.1.2
192.168.1.3
192.168.1.4




Enterprise network
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Process A Process B

S1: Switch from user space

to kernel space e | _ S3: Switch from kernel
I~ space to user space
N - J
Operating system

S2: Switch context from
process A to process B

Context switching as the result of IPC.
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Client-to-server binding using a daemon
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2. Request
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Client |
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Client-to-server binding using a Super server
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2. Continue
service | Actual Create
Client || server server for
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Migrating Code Examples
® Example 1: (Send Client code to Server)

» Consider a client-Server system where server holds a huge database.

 If a client application needs to perform many database operations, it may be better to ship
part of the client application to the server and server sends only the results across the network.

® Example 2: (Send Server code to Client)

*Data validation at the Database level:

* In many interactive DB applications, clients need to fill in forms that are subsequently
translated into a series of DB operation where validation at server side is required.
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Primitive Meaning
Socket Create a new communication end point

Bind Attach a local address to a socket

Listen Announce willingness to accept connections

Server s Accept Block caller until a connection request arrives

| Connect Actively attempt to establish a connection

client Lss Send Send some data over the connection

Receive Receive some data over the connection

Close Release the connection
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Primitive Meaning

Put Append a message 1o 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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® Some Basic definitions:
® Transit of the Sun:

@ Sun rises from east

@ Rises to its max height in the sky (noon)

@ Sun sets in west
® Solar Day: Interval between 2 consecutive transits of the sun (noon-to-noon)
® Solar Day varies due:

@Core activities of earth ® Rise & Tide of oceans

@ Gravity @ Orbit around the sun, not a perfect circle
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