CS 239, Fall 1999 Lecture5

Page 1

D istrib uted Sy stems -

A rchitecture

C S239

A dvanced Operating S ystem s

Octob er 26, 1 999

D r. Richa rd Gu y

CS 239, Fall 1999 Lecture5

Page 2

Lecture Source Materials

Singhal, Cha pter 4: Architectures of

Distributed Systems

Tanenbau m95, Distributed OS , Chapter 1- 2.

Gos cins ki91, Distributed OS , Chapter 1-3.

Galli00, Distributed OS , Chapter 1.

CS 239, Fall 1999 Lecture5

Page 3

Outline

¯ Definition: What is a distributed system?

¯ Motivation: Why do we care?

¯ Taxonomy: Is it a NOS? a DOS? a MOS?

¯ Design Issues: What are th e fun problems ?

¯ C ommunication s: Ho w to or ganize thin gs?

¯ C ommunication s: Ho w to talk ?

CS 239, Fall 1999 Lecture5

Page 4

What is a distributed system?

Asso rted definitions:

^a term used to define a w ide range of comp uter systems, from weakly-co upled s ystems such as wide area n etworks to s tron gly-cou pled sy stems such as local area networks to very strongly-coupled systems s uch as multip roces sor systems.~

(Goscin ski, p. 3)

CS 239, Fall 1999 Lecture5

Page 5

or...

^ ... a collection of heterogeno us com puters and processors connected via a network.~ (Galli, p. 2)

CS 239, Fall 1999 Lecture5

Page 6

more...

^ ... cons ists of several computers that do not s hare a mem ory or clock; th e com puters communicate with each other by ex changing m essages over a comm unication s network; and each computer has its own mem ory and runs its own op erating s ystem.~ (Singhal, p. 71)

CS 239, Fall 1999 Lecture5

Page 7

and...

^a collection of ind epen dent compu ters that appear to the users of the system as a s ingle comp uter.~ ( Tanenbaum, p. 2)

¯ Key po int: AUTONOMY

CS 239, Fall 1999 Lecture5

Page 8

Examp les

¯ C SD w orkstation network

¯ R obotic factory

¯ B ank bran ch es

CS 239, Fall 1999 Lecture5

Page 9

Outline

¯ Definition: What is a distributed system?

¯ Motivatio n: Why do we care?

¯ Taxonomy: Is it a NOS? a DOS? a MOS?

¯ Design Issues: What are th e fun problems ?

¯ C ommunication s: Ho w to or ganize thin gs?

¯ C ommunication s: Ho w to talk ?

CS 239, Fall 1999 Lecture5

Page 10

Motiv atio n for Dist. Systems

¯ Performance Econo mics + Co mmunications

˘ Grosch´ s Law (MIPS : $ 2 ) debunked

¯ Inh erently d istributed task s

+ Incr eas ed reliability

+ Incr emental expand ability

+ R eso urce sh aring

CS 239, Fall 1999 Lecture5

Page 11

and the d ownside...

˘ Softwar e complexity

˘ Network reliability

˘ Security

˘ Supply/D em an d location mis match

˘ Non-deco mposable compu tation

CS 239, Fall 1999 Lecture5

Page 12

Outline

¯ Definition: What is a distributed system?

¯ Motivation: Why do we care?

¯ T axonomy: Is it a NO S? a DOS? a MOS?

¯ Design Issues: What are th e fun problems ?

¯ C ommunication s: Ho w to or ganize thin gs?

¯ C ommunication s: Ho w to talk ?

CS 239, Fall 1999 Lecture5

Page 13

D istrib uted Sy stem Taxonomy

¯ Hard war e

˘ Flynn´sSISD/SIMD/MISD/MIMD

˘ Tanenbaum´s MIMD taxonomy

CS 239, Fall 1999 Lecture5

Page 14

Fly nn´s Taxon omy [ca. 1966]

Instruction

Stream

Data Stream

CS 239, Fall 1999 Lecture5

Page 15

Fly nn´s Taxon omy

Data Stream

Instruction

Stream

Single

Multiple

Single Multiple

CS 239, Fall 1999 Lecture5

Page 16

Fly nn´s Taxon omy

Data Stream

Instruction

Stream

Single

Multiple

Single Multiple

SISD SIMD

MIS D MIMD

CS 239, Fall 1999 Lecture5

Page 17

Tanenbaum MIMD Tax onomy

Parallel and d istributed co mputers

CS 239, Fall 1999 Lecture5

Page 18

Tanenbaum MIMD Tax onomy

Parallel and d istributed co mputers Tightly co upled

Loosely co upled

CS 239, Fall 1999 Lecture5

Page 19

Tanenbaum MIMD Tax onomy

Parallel and d istributed co mputers

M ultiprocessors

(shared memory)

M ulticomputers

(privat e memory)

Tightly co upled

Loosely co upled

CS 239, Fall 1999 Lecture5

Page 20

Tanenbaum MIMD Tax onomy

Parallel and d istributed co mputers

M ultiprocessors

(shared memory)

M ulticomputers

(privat e memory)

Bus Switched Bus Switched

Tightly co upled

Loosely co upled

CS 239, Fall 1999 Lecture5

Page 21

Tanenbaum MIMD Tax onomy

Parallel and d istributed co mputers

M ultiprocessors

(shared memory)

M ulticomputers

(privat e memory)

Bus Switched Bus Switched

Tightly co upled

Loosely co upled

Sequent,

En core

Ultraco mp ute r,

RP3

LAN workstatio ns

Hyp ercu be,

Transputer

CS 239, Fall 1999 Lecture5

Page 22

Software Taxonom y

¯ Tightly vs loos ely coupled

¯ C ross pro duct of coup ling and HW/SW

HA RDWAR E

SOFTW ARE

loosely coup led tightly co upled loosely co upled tightly co upled

CS 239, Fall 1999 Lecture5

Page 23

Software Taxonom y

¯ Tightly vs loos ely coupled

¯ C ross pro duct of coup ling and HW/SW

HA RDWAR E

SOFTW ARE

loosely coup led tightly co upled loosely co upled tightly co upled

Network

Operating System

(NO S)

CS 239, Fall 1999 Lecture5

Page 24

Software Taxonom y

¯ Tightly vs loos ely coupled

¯ C ross pro duct of coup ling and HW/SW

HA RDWAR E

SOFTW ARE

loosely coup led tightly co upled loosely co upled tightly co upled

Network

Operating System

(NO S)

Distributed

Operating System

(DO S)

CS 239, Fall 1999 Lecture5

Page 25

Software Taxonom y

¯ Tightly vs loos ely coupled

¯ C ross pro duct of coup ling and HW/SW

HA RDWAR E

SOFTW ARE

loosely coup led tightly co upled loosely co upled tightly co upled

Network

Operating System

(NO S)

Distributed

Operating System

(DO S)

M ultiprocessor

Timesh aring

(MOS)

CS 239, Fall 1999 Lecture5

Page 26

Software Taxonom y

Item NO S DO S M OS

App ear to b e virtual un iproce sso r?

All CPU s run same OS?

How many OS cop ies?

How is communication achieve d?

A prio ri n/w protocols agreemen t?

Single run queue for processes?

W ell-defined file sha ring semantics?

CS 239, Fall 1999 Lecture5

Page 27

Software Taxonom y

Item NO S DO S M OS

App ear to b e virtual un iproce sso r?

All CPU s run same OS?

How many OS cop ies?

How is communication achieve d?

A prio ri n/w protocols agreemen t?

Single run queue for processes?

W ell-defined file sha ring semantics?

No

No

No

Yes

Usually

No

n

S hared files

CS 239, Fall 1999 Lecture5

Page 28

Software Taxonom y

Item NO S DO S M OS

App ear to b e virtual un iproce sso r?

All CPU s run same OS?

How many OS cop ies?

How is communication achieve d?

A prio ri n/w protocols agreemen t?

Single run queue for processes?

W ell-defined file sha ring semantics?

Yes

Yes

Yes

Yes

No

n

M essages

CS 239, Fall 1999 Lecture5

Page 29

Software Taxonom y

Item NO S DO S M OS

App ear to b e virtual un iproce sso r?

All CPU s run same OS?

How many OS cop ies?

How is communication achieve d?

A prio ri n/w protocols agreemen t?

Single run queue for processes?

W ell-defined file sha ring semantics?

Yes

Yes

Yes

Yes

No

1

S hared memory

CS 239, Fall 1999 Lecture5

Page 30

Software Taxonom y

Item NO S DO S M OS

App ear to b e virtual un iproce sso r?

All CPU s run same OS?

How many OS cop ies?

How is communication achieve d?

A prio ri n/w protocols agreemen t?

Single run queue for processes?

W ell-defined file sha ring semantics?

No

No

No

Yes

Yes

Yes

Yes

Yes

Yes

No Yes Yes

Yes Usually

No

No

n n 1

S hared files

M essages S hared memory

CS 239, Fall 1999 Lecture5

Page 31

Outline

¯ Definition: What is a distributed system?

¯ Motivation: Why do we care?

¯ Taxonomy: Is it a NOS? a DOS? a MOS?

¯ Design Issues: What are the fun problems?

¯ C ommunication s: Ho w to or ganize thin gs?

¯ C ommunication s: Ho w to talk ?

CS 239, Fall 1999 Lecture5

Page 32

D istrib uted OS Design Issues

¯ Trans parency

¯ C omputational model

¯ Flex ibility

¯ R eliability

¯ Performance

¯ Scalability

CS 239, Fall 1999 Lecture5

Page 33

D istrib uted OS Design Issues, co nt.

¯ Process Synchronization

¯ C ompatibility

¯ R eso urce Manag em ent

¯ R ealt-time

CS 239, Fall 1999 Lecture5

Page 34

Transparency:

Single-system image

¯ Name transp arency

¯ Lo cation trans parency

¯ Access transp arency

¯ Migration transparency

¯ R eplication transparency

¯ C oncurrency/parallelism transparency

¯ Failure transp arency

CS 239, Fall 1999 Lecture5

Page 35

C omp utati onal mo del

¯ client/serv er

¯ peer-to-peer

CS 239, Fall 1999 Lecture5

Page 36

Flexibility/ Exten sibility

¯ mon olothic

¯ m -ker nel

¯ layered

CS 239, Fall 1999 Lecture5

Page 37

R eliability

¯ Availability

¯ Integrity

˘ storage: correct, consistent

˘ computation

˘ security

¯ Fault Tolerance

˘ richer failure modes

˘ client-server model

CS 239, Fall 1999 Lecture5

Page 38

Perfo rmance

¯ fin e- vs. coarse-grained parallelism

¯ metrics

¯ measuremen t method s/tools

CS 239, Fall 1999 Lecture5

Page 39

Scalability

¯ avoid centralized

˘ components

˘ tables

˘ algorithms

¯ n o machine has complete inf o about sy stem stat e

¯ mach ine s make desicio ns on ly on local info

¯ failure of one machine doesn´t ruin wh ole algorithm

¯ n o implic it assumption of glo bal clock

CS 239, Fall 1999 Lecture5

Page 40

C omp atibility

¯ B inar y

¯ Ex ecution

¯ Protocol

CS 239, Fall 1999 Lecture5

Page 41

R esou rce management

¯ Data migratio n

¯ C omputation migration

¯ Distributed schedulin g

¯ Security

CS 239, Fall 1999 Lecture5

Page 42

R eal-time

¯ hard vs soft vs firm

¯ s ynchro nous vs as ynchronous vs is ochronoous

¯ new problems

˘ network latency

˘ bandwidth vs cost

˘ routing optimization

˘ micronetwork behavior

CS 239, Fall 1999 Lecture5

Page 43

Outline

¯ Definition: What is a distributed system?

¯ Motivation: Why do we care?

¯ Taxonomy: Is it a NOS? a DOS? a MOS?

¯ Design Issues: What are th e fun problems ?

¯ Communications: How to organize things?

¯ C ommunication s: Ho w to talk ?

CS 239, Fall 1999 Lecture5

Page 44

C omm unications Network s

¯ Wide area n etwo rks (WANs)

¯ Lo cal area networks (LAN s)

¯ ISO OSI reference model

CS 239, Fall 1999 Lecture5

Page 45

Wide a rea network d iagram

Sw itch

Sw itch

Sw itch

Sw itch

Sw itch

Sw itch

Host

Host

Host

Host

Host

Host

Host

CS 239, Fall 1999 Lecture5

Page 46

Wide a rea networks (WANs)

¯ Links are leased circuits from telcos

˘ Arpanet was 56Kbps

˘ Internet backbone today is at least T3 (45Mbs)

¯ typical link is T1 (1.5Mbps)

¯ n ew backb one at1G bs (ATM SON ET)

¯ typical ATM link is 155M bps

¯ Heter ogen eous h osts

¯ C ircu it vs Packet switching

˘ Store-and-forward

CS 239, Fall 1999 Lecture5

Page 47

Local area Networks (LANs)

¯ 10Mbps-1Gbps transmission rate

¯ Sm all geographic sco pe (<10km )

¯ To pologies

˘ Bus/tree: CSMA/CD, token bus

˘ Ring: token ring, slotted ring

¯ Lo w transmission error rate

CS 239, Fall 1999 Lecture5

Page 48

ISO OS I Reference m od el

Application

Pr esentation

Session

Tr ansport

Network

Data l ink

Physical

Network

Data l ink

Physical

Network

Data l ink

Physical

Application

Pr esentation

Session

Tr ansport

Network

Data l ink

Physical

Host A Host B

Sw itch Sw itch

Communication N etw or k

7

6

5

4

3

2

1

Layer

CS 239, Fall 1999 Lecture5

Page 49

Outline

¯ Definition: What is a distributed system?

¯ Motivation: Why do we care?

¯ Taxonomy: Is it a NOS? a DOS? a MOS?

¯ Design Issues: What are th e fun problems ?

¯ C ommunication s: Ho w to or ganize thin gs?

¯ Communications: How to talk?

CS 239, Fall 1999 Lecture5

Page 50

C omm unications P rim itives

¯ C lient-Serv er Model

¯ R emote Procedure Call

¯ Group Communication

CS 239, Fall 1999 Lecture5

Page 51

C lient-Server Mod el

˘ Request/reply message passing protocol

˘ Blocking vs.non-blocking primitives

˘ Reliable vs. unreliable primitives

˘ Synchronous vs. asynchronous primitives

Cl ient

Kernel

Server

Kernel

R equest/Reply

Data l ink

Physical

7

6

5

4

3

2

1

Request

Reply

Network

CS 239, Fall 1999 Lecture5

Page 52

Message passing p roblems

¯ Pair ing replies with requests

¯ Heter ogen eous d ata representatio n

¯ Addressing remote partner

¯ Handling sy stem/comm unication failures

CS 239, Fall 1999 Lecture5

Page 53

R emote Pro cedure C all

¯ B asic RPC model

¯ Detailed RPC issues

CS 239, Fall 1999 Lecture5

Page 54

Basic R PC Model

Call

Return

Cl ient

Pack parameters

Unpack result

Cl ient Machine

Kernel

Call

Return

Server

Unpack parameters

Pack result

Server M achine

Kernel

Cl ient stub

Server stub

CS 239, Fall 1999 Lecture5

Page 55

R PC details

¯ C lient/server stubs

¯ Dynam ic binding to server

¯ Parameter/result marshalin g

¯ Failure semantics

CS 239, Fall 1999 Lecture5

Page 56

Param eter/result marshaling

¯ C all-by-valu e/reference/�

¯ Heter ogen eous h ardware architectures

˘ ASCII vs EBCDIC

˘ big vs little endian

˘ strings vs integers

¯ C anonical form vs dynamic conversion

¯ Pointer dereferencing

CS 239, Fall 1999 Lecture5

Page 57

Fai lure semantics

¯ Lo st replies & idem potency

¯ C lient crash & orph ans

¯ Server cras h semantics

˘ At l e a s t o n c e (partials possible)

˘ At m o s t o n c e (partials possible)

˘ E x a c t l y o n c e

˘ No p r o m i s e s

CS 239, Fall 1999 Lecture5

Page 58

Group Communicatio n

¯ B asics

¯ Group management

¯ C orrectness Issues

CS 239, Fall 1999 Lecture5

Page 59

Basics of Group

C omm unication

¯ one-to-one v s. one-to-many

¯ dynamic grou ps

¯ multicast/broadcast/unicast

CS 239, Fall 1999 Lecture5

Page 60

Group Management

¯ clos ed vs. open groups (exclusiv ity)

¯ peer vs. hierarchical (internal)

¯ gro up memb ership (d ynamic mgt)

¯ gro up addressing (sin gle/multiple/predicate)

CS 239, Fall 1999 Lecture5

Page 61

C orrectness of Group

C omm unication

¯ Send /Receiv e primitives (merge

R PC/group?)

¯ Atom icity

¯ Message ord ering (global/co ns istent tim e)

¯ Overlapping g roups

¯ Scalability (volume/gateway)

CS 239, Fall 1999 Lecture5

Page 62

Summary

¯ Definition: A distributed s ys tem is �

¯ Motivation: We care because . ..

¯ Taxonomy: An OS is an xOS because ...

¯ Design Issues: The fun problems are ...

¯ C ommunication s: We organize thin gs ...

¯ C ommunication s: Pieces talk by ...