1

CS 239, Fall1999 Lecture 11

Page 1

Distributed Shared Memo ry

CS239

Advanced Operating Sy stems

November 16, 1999

Dr. Richard Guy

CS 239, Fall1999 Lecture 11

Page 2

Lectu re Source Materials

Singhal, Ch. 10: Distributed Shared

Memory

Towards Transparent and Efficient

Software DSM , Scales et al, SOSP 97.

Cashmere - 2L :Software Coherent Shared

Memory on a Clustered Remote - Write

Network , Stets et al, SOSP 97.

CS 239, Fall1999 Lecture 11

Page 3

Outlin e

¯ Introduction and Motivation

¯ Basic Approaches

¯ Memor yCoherence and Protocols

¯ Design Issues

¯ Example S ystems

¯ Recent R esults in DSM Res earch

¯ Summar y

CS 239, Fall1999 Lecture 11

Page 4

Introduction and Motivation

¯ Lo cal shared memor y

¯ Basis for distributed computation?

CS 239, Fall1999 Lecture 11

Page 5

Local Shared Memory

CS 239, Fall1999

Lecture 11

Page 7

Local Shared Memory , cont.

¯ potential problems

˘ coherence

¯ read/write access serialized bymemoryhardware

˘ VM page thrashin g

¯ shared pages are ^stickier~ than non - shared pages

CS 239, Fall1999

Lecture 11

Page 8

Distributed Shared Memo ry

A B

Virtual pages Virtual pages

Physical pages

1

2

3

4

5

1

2

3

4

5

A2,B4

Physical pages

A2,B4

A B

CS 239, Fall1999

Lecture 11

Page 9

Motivation

¯ DSM hopes to use loosel y - coupled

processors to get benefits of SM without

payin g high $$ cost for multiprocessor

CS 239, Fall1999

Lecture 11

Page 10

DSM Advantages (cla imed)

¯ simpler abstraction than mess age passing

¯ easier to access complex data structures

¯ exploits localit yof reference properties

¯ pools all ph ysical memor yin one huge

memor y

¯ scalable (e. g., no common bus bottleneck)

CS 239, Fall1999

Lecture 11

Page 11

DSM disadvantages (possib le)

¯ Applications know a l ot about

s ynchroni zation methods/tools

¯ Performance will su ffer if too much

remote memor yaccess

CS 239, Fall1999

Lecture 11

Page 12

The Challenge

Can cooperatin g processes on processors th at

do not share a common ph ysical memor ybe

presented a coherent shared memor yspace?

Yes,

� and sometimes with a reasonable cost in

performan ce!

CS 239, Fall1999

Lecture 11

Page 13

Approaches to DSM

¯ Central s erver

¯ Migration

¯ Read replication

¯ Full replication

CS 239, Fall1999

Lecture 11

Page 14

Central Server DSM

Clients

Central Server

Data Access

Request

D

CS 239, Fall1999

Lecture 11

Page 15

Central Server DSM

¯ A central server maintains all d ata pages

˘ returns data on reads

˘ makes updates on writes

¯ Care n eeded to avoid duplicating writes

¯ Server duties can be split between several

sites, b ystaticallypartitioning the shared

memor ypage pool

CS 239, Fall1999

Lecture 11

Page 16

Pros/Cons of Cen tral Server

DSM

+ Relativel ysimple to implement

+ Synchronization methods prett y clear

˘ Most data references are remote

˘ Prone to bottlenecks

CS 239, Fall1999

Lecture 11

Page 17

Migration DSM

Data Access

Request

D

CS 239, Fall1999

Lecture 11

Page 18

Migration DSM

Data B lock

Migrated

D

CS 239, Fall1999

Lecture 11

Page 19

Migration DSM

¯ Data lives where most recentl yused

¯ When ^off - site~ memor yis req uested, it

migrates to the requesting site

¯ Granularit yis usuall yblo ck or page level

¯ With localit yof reference, works well

¯ But possibilityof thrashin g

¯ Servers keep track of data locations

CS 239, Fall1999

Lecture 11

Page 20

Pros/Cons of Migration DSM

+ If localitygood, most accesses can be local

+ Synchronization behavior fairl y eas y

˘ Between - node thrashing dan gers

˘ Possible bottlenecks at location servers

˘ Ma yput heav yburden on communications

CS 239, Fall1999

Lecture 11

Page 21

Read Replication DSM

Data Access

Request

D

CS 239, Fall1999

Lecture 11

Page 22

Read Replication DSM

Data B lock

Replicated

D D

CS 239, Fall1999

Lecture 11

Page 23

Read Replication DSM

w ith update

D D D static

owner

update

request

CS 239, Fall1999

Lecture 11

Page 24

Read Replication DSM

w ith update

D´ D D

In validate

static

owner

CS 239, Fall1999

Lecture 11

Page 25

Read - Replication DSM

¯ Multiple copies of readable blo cks sto red

¯ If block is written, invalidate other copies

¯ Each block has owner that permanently

stores it (and it is the onlyupdatable

replica)

¯ If writes are frequent, invalid ation can be

complicated and expensive

¯ Requires high read - to - write ratio

CS 239, Fall1999

Lecture 11

Page 26

Pros/Cons of Read R eplication

DSM

+ Reads are usuall ylocal

+ Synchronization not too difficult

˘ Requires in validations

˘ Possiblyheav yburden on owners of

popular pages

˘ Writes are onl ylocal for page o wner

CS 239, Fall1999

Lecture 11

Page 27

Full Rep lication DSM

w ith update

Clients

Sequencer

Write

Request

Update via

Multicast

CS 239, Fall1999

Lecture 11

Page 28

Full - Rep lication DS M

¯ Full - service replicas of data blocks/p ages

stored at several machines

¯ Requires consistenc ymechanis m

˘ for same reasons as replicated files

˘ different mechanisms maybe appropriate

CS 239, Fall1999

Lecture 11

Page 29

Pros/Cons of Full Replication

DSM

+ Access usuall ylocal

+ Bottlenecks generall yless likely

˘ Synchronization trick y

˘ Requires full replication mechanism

˘ Likel yto be overkill unless data sharing

verycommon

CS 239, Fall1999

Lecture 11

Page 30

Memo ry Coherence in

Replicated DSM Sch emes

If more than one cop yof a data item exists,

problems arise when data is written and

^later~ read

Consistency model d escribes what level of

consistenc ya DSM s ystem provides

CS 239, Fall1999

Lecture 11

Page 31

Consistency Models for DSM

¯ Strict consistenc y(as if onlyon e cop y)

¯ Sequential consistency(serializability)

¯ General consistenc y(eventual consistency)

¯ Processo r consistenc y(p er machine)

¯ Weak consisten cy(up to programmer)

CS 239, Fall1999

Lecture 11

Page 32

Protocols to Provid e DSM

Coherence

¯ Write - invalidate p rotocol

˘ Invalidate other copies before write

˘ Expensive for those other copies

¯ Write - update protocol

˘ Update other copies on write

˘ Higher network traffic results

˘ Requires some kind of locking

CS 239, Fall1999

Lecture 11

Page 33

Controlling Th rashin g in DSM

How to prevent 2 sites sharin g a page for

write fro m thrashin g the net?

One wayis to lock a written page down at a

site for some period D

If another site wants to write it, that site must

wait for D to expire

Used in Mirage s ystem

CS 239, Fall1999

Lecture 11

Page 34

Design Issu es

¯ Granularit yof shared item

¯ Page replacement polic y

¯ Exploitin g semantic hints

CS 239, Fall1999

Lecture 11

Page 35

Granularity in DSM

How big should the unit of shared memor y

be?

˘ Should be related to hardware´s page size

˘ Size of page has manyimportant implications...

CS 239, Fall1999

Lecture 11

Page 36

Pros/Cons of Large Pages for

DSM

+ Takes advantage of localit yof reference

+ Minimizes cost of running paging code

+ Can minimize co mmunications cost

¯ If lots of data being moved

˘ Leads to greater contention

CS 239, Fall1999

Lecture 11

Page 37

Pros/Cons of S mall P age Size

for DSM

+ Less contention

+ Minimizes false sharing

+ Lo wer cost to mo ve s mall data objects

˘ Greater overhead per b yte

CS 239, Fall1999

Lecture 11

Page 38

False Sharing in DS M

¯ Occu rs when an apparent, but not actual,

write conflict occurs between two copies of

a page

¯ Caused b yviewing replication unit as a

page, rather than a memor ylocation (or

object)

CS 239, Fall1999

Lecture 11

Page 39

False Sharing Exa mp le

Site A Site B

CS 239, Fall1999

Lecture 11

Page 40

False Sharing Exa mp le, Con´t

Site A Site B

Update x Update y

There appears to be a conflict, but there really isn´t

CS 239, Fall1999

Lecture 11

Page 41

Effects of False Sharing

¯ Depends on approach used

˘ In migration systems, causes more page

migration

˘ In write - invalidate replication systems, causes

more invalidations

˘ In update - propagation replication systems,

causes more locking

CS 239, Fall1999

Lecture 11

Page 42

Page Replace ment in DSM

¯ When a local node needs to bump a shared

memor ypage, what does it do?

¯ LRU alone not a sufficient ans wer

¯ Must consider private vs. shared pages

˘ And replication issues

˘ And read - onlypages

¯ LRU within class es often used

CS 239, Fall1999

Lecture 11

Page 43

Exploiting Semantic Hints

¯ Write - once

¯ Private

¯ Write - man y

¯ Result

¯ Synchronization

¯ Migrator y

¯ Producer - consumer

CS 239, Fall1999

Lecture 11

Page 44

Semantic hints, cont.

¯ Read - mostl y

¯ General read - write

˘ invalid

˘ unowned

˘ owned exclusively

˘ owned nonexclusively

CS 239, Fall1999

Lecture 11

Page 45

So me DS M Sy stems

¯ Iv y(Yale)

¯ Mirage (UC LA)

¯ Clouds (Georgia Tech)

¯ Munin (Rice U.)

¯ Memnet (U. of Delaware)

¯ Telegraphos (Greece)

CS 239, Fall1999

Lecture 11

Page 46

Recen t DSM R esearch

¯ SOSP 97

˘ Shasta

˘ Cashmere - 2 L

¯ Emer gence of l ow - c ost smal l - scale

SMP with hard ware shared memor y

¯ Low - latenc yremote - write networ ks

(e.g., DEC´s Me mor yChannel)

CS 239, Fall1999

Lecture 11

Page 47

DEC´s Memory Channel

¯ Low - latenc yhard ware interconnect

¯ Kn ows about pr ocess - process

connections (up to 64 K)

¯ Appears as both device (outgoin g) and

ph ysical me mor y(incoming)

¯ Write - onl yparadigm�

˘ how to d o a remote read?

CS 239, Fall1999

Lecture 11

Page 48

Shasta

¯ Goals

˘ transparent execution of standard

binaries (no special knowle dge of

soft ware DSM services)

˘ fine - grained sharing (smaller than

page - level)

CS 239, Fall1999

Lecture 11

Page 49

Shasta techniques

¯ Cache coherence protocol

˘ private v shared virtual address space

˘ shared states

¯ invalid vs shared vs exclusive

¯ shared miss

¯ Code insertion t o detect shared miss

load/store before it actuall yoccurs

CS 239, Fall1999

Lecture 11

Page 50

Shasta Techn iques, continued

¯ Avoid OS invol vement whe re possible

˘ use inline code for shared misses, not

OS/ VM interrupt handling

˘ use polling for Memor yChannel, not

standard device interrupt

CS 239, Fall1999

Lecture 11

Page 51

Cash mere

¯ Goal

˘ two - level shared me mor ysu pport

¯ hardware within SMP ^node~

¯ software across nodes

˘ uses release consistenc y, a l a earlier

DSM i mplementations

CS 239, Fall1999

Lecture 11

Page 52

DSM Su mmary

¯ Basic idea of DSM is�

¯ Primar yproblems of DSM are�

¯ Recent HW trend responses are...