CS 239, Spring 1997 Lecture4

Page 1

D istrib uted Sy stems -

Theoretica lFoundations

C S239

A dvanced Operating S ystem s

A pril 9 , 1997

D r. Richa rd Gu y

CS 239, Spring 1997 Lecture 4

Page 2

LectureSou rceMateria ls

Singhal, Ch. 5: Theoretical Foundations

Lam port: Time, Clocks , and the Ordering of

Events in a Distributed Sys tem, CACM

21:7 , Ju ly 1978 , 558-5 65.

Chandy & Lam port: Distributed Snapshots:

Determining Global States of Dis tribut ed

Sys tems , ACM TOCS 3:1 , Feb. ‘ 85,63-75.

CS 239, Spring 1997 Lecture4

Page 3

Outline

¯ Motivation

¯ Model

¯ Inh erent limitations o f distributed system

¯ Virtual clocks

¯ C ausal ordering of messages

¯ Glob al state

CS 239, Spring 1997 Lecture 4

Page 4

Motivation

¯ What are the final variable values after executing this ANSI C code fr agment:

int i, j;

i = 5;

j = i * i;

¯ What is your reasonin g?

CS 239, Spring 1997 Lecture4

Page 5

¯ What are the final variable values after executing this ANSI C code fragment:

int i, a[ 2];

i = 0, a[0 ] = 2, a[1] = 3;

a[I] = I++;

¯ What is you r reasoning?

CS 239, Spring 1997 Lecture 4

Page 6

Distributed SystemModel

¯ collection of spatially s eparated process ors

¯ no common (sh ared) m emory

¯ processes communicate via messages over comm unication s channels; arbitrary delay

CS 239, Spring 1997 Lecture4

Page 7

Inherent limitations in a DS

¯ No global clock

¯ No shared m emory

CS 239, Spring 1997 Lecture 4

Page 8

No g lobal clock

¯ therefore, no global time

¯ isn´t common clock adequate?

¯ how about synchronized clocks?

CS 239, Spring 1997 Lecture4

Page 9

C omm on clocks

¯ Suppose all process es consult single clock

(which exists at exactly one site)

¯ distin ct remote proces ses obs erve identical clock valu e at *different* physical times, due to ar bitrary message delays.

¯ may be incorrect to ass ociate distinct physical times as same physical tim e.

CS 239, Spring 1997 Lecture 4

Page 10

Sy nchronized clocks

¯ Sup pose one physical clock per processor

¯ Sup pose ver y good sy nchronization meth od

¯ Clocks drift, differently

¯ Sam e problem as common clocks : d istinct ins tants of physical tim e appear to be same

CS 239, Spring 1997 Lecture4

Page 11

N o shared memory

¯ Definitions

¯ Key qu estion

¯ Ex ample problem

CS 239, Spring 1997 Lecture 4

Page 12

Definition s

¯ coherent view is collection of observations of proces s state taken at same in stan t of physical time.

¯ inco herent view inclu des different time.

¯ comp lete view is state of all processes and messages in transit.

¯ comp lete view is same as glob al state

CS 239, Spring 1997 Lecture4

Page 13

Key qu estion

¯ Is it pos sible to obtain a coherent global s tate of a distributed sy stem, given the abs ence o f a global clock, no shared mem ory, and the existence of arb itrary delay com munication channels?

CS 239, Spring 1997 Lecture 4

Page 14

Exampleproblem

$500 $200

Local state of A

Local state of B

Communication channel

S1:A S2:B

Want to compute net balance; need global state?

CS 239, Spring 1997 Lecture4

Page 15

Examp le pro blem

$450 $200

Local state of A

Local state of B

S1:A S2:B

Suppose S1 transfers$50 to from A to B

$50: A B

CS 239, Spring 1997 Lecture 4

Page 16

Exampleproblem

$500 $250

Local state of A

Local state of B

S1:A S2:B

Suppose S1 transfers $50 to from Ato B

$50: A B

CS 239, Spring 1997 Lecture4

Page 17

Observation

¯ mus t h ave som e way of coordinatin g activity of p rocess es on distinct proces sors , des pite no g lobal clock and no shared mem ory and arbitrary delay channels .

CS 239, Spring 1997 Lecture 4

Page 18

^Virtual clock ~ so lutions

¯ Lam port´s logical clocks

˘ limitations of Lamport´s clocks

¯ Fidge/Mattern vecto r clocks

CS 239, Spring 1997

Lecture4

Page 19

Logical clocks

¯ Model and d efinitions

¯ System of clock s

CS 239, Spring 1997

Lecture 4

Page 20

Mod el

¯ Process execution is sequence of ^events~

¯ Event is arbitrary granularity

˘ procedure call

˘ single instruction

¯ Sending a mess age is sin gle event

¯ Receiving a message is sin gle event

CS 239, Spring 1997

Lecture4

Page 21

¯ Ev ent ord er not determinable by local time

¯ Order may b e po ssible to determine order by examining behavior of computation

CS 239, Spring 1997

Lecture 4

Page 22

^Happened before~ relation

¯ captures causal dependencies between events

¯ relation ® is defined as follo ws:

¯ a ® b if a and b are events in the same process and a occurred before b

¯ a ® b , if a is the event of se nding a message m in a process and b is th e eventof receiving m in another process

¯ if a ® b and b ® c , then a ® c (tr ansitive)

CS 239, Spring 1997

Lecture4

Page 23

¯ C ausally related ev en ts

˘ Event a causally affects b if a ® b

¯ C oncurrent events

˘ Two distinctevents a and b are concurrent

(denoted a || b ) if a ® b and b ® a . I.e., concurrentevents do not causally affect each other.

/ /

CS 239, Spring 1997

Lecture 4

Page 24

¯ For any two events a and b in a system, either a ® b , b ® a , or a || b .

CS 239, Spring 1997 Lecture4

Page 25

Space-time diagram

P

1

P

2

Global Time

Space e

11

e

12

e

13

e

14 e

21

e

22

e

23

e

24

CS 239, Spring 1997 Lecture 4

Page 26

Practical realization of ®

¯ Sys tem of lo gical clocks, C i

˘ one clock C i

at each process P i

in system

˘ C i

assignsnumber C i

(a) to any event a at P i

¯ timestamp of event a

˘ values of C i

have no relation to physicaltime

˘ values of C i

are monotonically increasing

˘ implementable by simple counters

CS 239, Spring 1997 Lecture4

Page 27

¯ System of clock s satis fies:

˘ if a ® b , then C(a) < C(b)

¯ C an use logical clock s to realize ® if:

˘ Correctness conditions, C1 and C2

˘ Implementation rules, IR1 and IR2

CS 239, Spring 1997 Lecture 4

Page 28

Correctn ess condition s

¯ [C1 ] Fo r any two events a and b in process

P i

, if a occurs before b , then

C i

(a) < C i

(b)

¯ [C2 ] If a is the event of s en ding a m ess age m in p rocess P i

and b is the event of receiving m in process P j

, then

C i

(a) < C j

(b)

CS 239, Spring 1997 Lecture4

Page 29

Implementation ru les

¯ [I R1] Clock C i

is increm ented between any two success iv e events in proces s P i

C i

:= C i

+ d (d > 0)

¯ [I R2] If a is the event of sending a message m by p rocess P i

, then m is assigned a tim estamp t m

= C i

(a) (afterapplying IR1).

When m is received by process P j

, then C j

is

C j

:= max (C j

, t m

) + d (d > 0)

¯

CS 239, Spring 1997 Lecture 4

Page 30

Sp ace-time diag ram

P

1

P

2

Global Time

e

11

e

12

e

14

e

15 e

21

e

22

e

23

e

24

1 2 4 5

1 2 3 4

e

13

3

CS 239, Spring 1997 Lecture4

Page 31

Limitations of Lamport´s clock

¯ If a ® b , then C(a) < C(b)

¯ Is the reverse true?

˘ if C(a) < C(b), is a ® b always true? NO!

¯ Lamport´s clock cannot distinguish between clock advancement from local vs remote events

¯ hard to reason based on event timestamps

CS 239, Spring 1997 Lecture 4

Page 32

to be continued in l ecture 5 ...