CS 239, Fall 1999 Lecture11

Page 1

D istrib uted Sh ared Memory

C S239

A dvanced Operating S ystem s

N ovem ber 16, 1 999

D r. Richa rd Gu y

CS 239, Fall 1999 Lecture 11

Page 2

LectureSou rceMateria ls

Singhal, Ch. 10: Distributed Shared

Memory

Towards Transparent and Efficient

Software DSM , Scales et al, SOSP 97.

Cashmere-2L:Software Coherent

Shared Memory ona Clustered

Remote-Write Network , Stets et al,

SOSP 97.

CS 239, Fall 1999 Lecture11

Page 3

Outline

¯ Introduction and Motivation

¯ BasicApproaches

¯ Memory Coherence and Protocols

¯ Design Issues

¯ Example Systems

¯ Recent Results inDSMResearch

¯ Summary

CS 239, Fall 1999 Lecture 11

Page 4

Introdu ction and Motivation

¯ Local sharedmemory

¯ Basis for distributed computation?

CS 239, Fall 1999 Lecture11

Page 5

Local Shared Memory

A B

Virtual pages Virtual pages

Physical pag es

1

2

3

4

5

1

2

3

4

5

A1

B1

A2,B4

A5

CS 239, Fall 1999 Lecture 11

Page 6

Local Sha red Memory

¯ features

˘ ^cheap~ IPC for coo perating processes

˘ synchro nization left to processess

˘ useful in tightly-coupled multiprocessors

˘ exploit concurrent execution

˘ exploit common physical memory pool

CS 239, Fall 1999 Lecture11

Page 7

Local Shared Memory, cont.

¯ potential problems

˘ coher ence

¯ read/write access serialized by memory hardware

˘ VM page thrashing

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

CS 239, Fall 1999 Lecture 11

Page 8

Distributed Shared Memory

A B

Virtual pages Virtual pages

Phy sical pages

1

2

3

4

5

1

2

3

4

5

A2,B4

Phy sical pages

A2,B4

A B

CS 239, Fall 1999 Lecture11

Page 9

Motiv atio n

¯ DSMhopes to use loosely-coupled processors to get benefits of SM without paying high $$ cost for multiprocessor

CS 239, Fall 1999 Lecture 11

Page 10

DSM Adv antages (claimed)

¯ simpler abstraction than message passing

¯ easierto access complex data structures

¯ exploits locality of reference properties

¯ pools all physical memory in onehuge memory

¯ scalable (e.g., no commonbus bottleneck)

CS 239, Fall 1999 Lecture11

Page 11

D SM d isadvantages (po ssib le)

¯ Applications knowa lot about synchronization methods/tools

¯ Performance will suffer if too much remote memory access

CS 239, Fall 1999 Lecture 11

Page 12

The Challen ge

Can cooperatingprocesseson processors that do not share acommonphysical memory be presented a coherent shared memory space?

Yes,

� andsometimes with a reasonable cost inperformance!

CS 239, Fall 1999 Lecture11

Page 13

A pproaches to DSM

¯ Central server

¯ Migration

¯ Read replication

¯ Full replication

CS 239, Fall 1999 Lecture 11

Page 14

Central Server DSM

Clients

Central Server

Data Access

Request

D

CS 239, Fall 1999 Lecture11

Page 15

C entra l Server DSM

¯ A central server maintainsall data pages

˘ returns dataon reads

˘ makes updates on writes

¯ Care needed to avoid duplicating writes

¯ Server duties can be split between severalsites, by statically partitioning the shared memory pagepool

CS 239, Fall 1999 Lecture 11

Page 16

Pros/Cons of Central Server

DSM

+ Relatively simple to implement

+ Synchronizationmethods pretty clear

˘ Most datareferences are remote

˘ Prone to bottlenecks

CS 239, Fall 1999 Lecture11

Page 17

Migration DSM

Data Access

R equest

D

CS 239, Fall 1999 Lecture 11

Page 18

Migration DS M

Data Block

Migrated

D

CS 239, Fall 1999 Lecture11

Page 19

Migration DSM

¯ Data lives where most recently used

¯ When ^off-site~ memory is requested, it migrates tothe requestingsite

¯ Granularity is usuallyblock or page level

¯ Withlocality of reference, works well

¯ Butpossibilityof thrashing

¯ Servers keep track of data locations

CS 239, Fall 1999 Lecture 11

Page 20

Pros/Cons of Migration DS M

+ If locality good, most accesses can be local

+ Synchronizationbehavior fairly easy

˘ Between-node thrashing dangers

˘ Possible bottlenecks atlocation servers

˘ May put heavyburden on communications

CS 239, Fall 1999 Lecture11

Page 21

R ead Replication DSM

Data Access

R equest

D

CS 239, Fall 1999 Lecture 11

Page 22

Read Replicatio n DSM

Data Block

Replicated

D D

CS 239, Fall 1999 Lecture11

Page 23

R ead Replication DSM w ith update

D D D static owner update request

CS 239, Fall 1999 Lecture 11

Page 24

Read Replicatio n DSM with u pdate

D´ D D

Invalidate static owner

CS 239, Fall 1999 Lecture11

Page 25

R ead-Replica tion DS M

¯ Multiple copies of readable blocks stored

¯ If block iswritten, invalidate other copies

¯ Eachblockhas owner that permanently stores it (and it is the only updatable replica)

¯ If writes are frequent,invalidationcan be complicated and expensive

CS 239, Fall 1999 Lecture 11

Page 26

Pros/Cons of Read Replicatio n

DSM

+ Reads are usually local

+ Synchronizationnot toodifficult

˘ Requires invalidations

˘ Possibly heavy burdenon owners of popular pages

˘ Writes are only local for pageowner

CS 239, Fall 1999 Lecture11

Page 27

Full Rep lication DSM w ith update

C lients

Sequ encer

Write

R equest

Update via

Multicas t

CS 239, Fall 1999 Lecture 11

Page 28

Full-Replicati on D SM

¯ Full-service replicasof data blocks/pages stored atseveral machines

¯ Requires consistency mechanism

˘ for samereasons as replicated files

˘ different mechanisms may be appropriate

CS 239, Fall 1999 Lecture11

Page 29

Pros/Cons of Full Rep lication

D SM

+ Access usually local

+ Bottlenecks generallyless likely

˘ Synchronization tricky

˘ Requires full replication mechanism

˘ Likely to be overkill unless data sharing very common

CS 239, Fall 1999 Lecture 11

Page 30

Mem ory Coherence in

Replicated DS M Schemes

If morethanone copyof a data item exists, problems arise when datais written and ^later~ read

Consistencymodel describes what level of consistency a DSM system provides

CS 239, Fall 1999 Lecture11

Page 31

C onsistency Modelsfor DSM

¯ Strict consistency (as if only one copy)

¯ Sequential consistency (serializability)

¯ General consistency (eventual consistency)

¯ Processor consistency (per machine)

¯ Weak consistency(up to programmer)

CS 239, Fall 1999 Lecture 11

Page 32

Protocol st o Provide DSM

Coh erence

¯ Write-invalidate protocol

˘ Invalidateother copies beforewrite

˘ Expensive for thoseother copies

¯ Write-update protocol

˘ Updateother copies on write

˘ Higher networktrafficresults

˘ Requires somekindof locking

CS 239, Fall 1999 Lecture11

Page 33

C ontrolling Thra shing in D SM

Howto prevent 2 sites sharing a page for write from thrashing the net?

Oneway is to lock a written pagedown at a site for some period D

If another sitewantsto writeit, that site must wait for D to expire

Used inMirage system

CS 239, Fall 1999 Lecture 11

Page 34

Design Issues

¯ Granularityof shareditem

¯ Page replacement policy

¯ Exploiting semantic hints

CS 239, Fall 1999 Lecture11

Page 35

Granularity in DSM

Howbig should the unit of shared memorybe?

˘ Should be related to hardware´s page size

˘ Sizeof pagehas manyimportant implications...

CS 239, Fall 1999 Lecture 11

Page 36

Pros/Cons of Large Pages for

DSM

+ Takesadvantage of localityof reference

+ Minimizescost of running pagingcode

+ Can minimizecommunications cost

¯ If lots ofdata being moved

˘ Leadsto greater contention

CS 239, Fall 1999 Lecture11

Page 37

Pros/Cons of Sm all Page S ize for DSM

+ Less contention

+ Minimizes false sharing

+ Lower cost to move small data objects

˘ Greater overhead perbyte

CS 239, Fall 1999 Lecture 11

Page 38

False Sharing in DSM

¯ Occurs when an apparent, but not actual, writeconflict occurs between twocopies of a page

¯ Causedby viewingreplicationunit as a page, rather than amemory location

(or object)

CS 239, Fall 1999 Lecture11

Page 39

Fal se S haring Exampl e

Site A Site B

CS 239, Fall 1999 Lecture 11

Page 40

False Sharing Example, Co n´t

Site A Site B

Update x Update y

There appears to bea conflict, but there really isn´t

CS 239, Fall 1999 Lecture11

Page 41

Effects of False Sharin g

¯ Depends onapproach used

˘ Inmigration systems, causes more page migration

˘ Inwrite-invalidate replication systems, causes more invalidations

˘ Inupdate-propagation replication systems, causes more locking

CS 239, Fall 1999 Lecture 11

Page 42

Page Replacement in DSM

¯ Whena local node needs tobumpa shared memory page, what does it do?

¯ LRUalone not a sufficient answer

¯ Must consider private vs. sharedpages

˘ And replication issues

˘ And read-only pages

¯ LRUwithin classes often used

CS 239, Fall 1999 Lecture11

Page 43

Exploitin g Sem antic Hints

¯ Write-once

¯ Private

¯ Write-many

¯ Result

¯ Synchronization

¯ Migratory

¯ Producer-consumer

CS 239, Fall 1999 Lecture 11

Page 44

Semantic hints, cont.

¯ Read-mostly

¯ General read-write

˘ invalid

˘ unowned

˘ ownedexclusively

˘ ownednonexclusively

CS 239, Fall 1999 Lecture11

Page 45

Some DSM System s

¯ Ivy (Yale)

¯ Mirage (UCLA)

¯ Clouds (Georgia Tech)

¯ Munin (Rice U.)

¯ Memnet (U. of Delaware)

¯ Telegraphos(Greece)

CS 239, Fall 1999 Lecture 11

Page 46

Recent DSM Research

¯ SOSP 97

˘ Shasta

˘ Cashmere-2L

¯ Emergence of low-cost small-scale

SMP withhardware shared memory

¯ Low-latency remote-write networks

(e.g., DEC´s Memory Channel)

CS 239, Fall 1999 Lecture11

Page 47

D EC´s Memory Channel

¯ Low-latencyhardware interconnect

¯ Knows about process-process connections(up to 64K)

¯ Appearsas bothdevice (outgoing) and physical memory (incoming)

¯ Write-only paradigm�

˘ howto do aremote read?

CS 239, Fall 1999 Lecture 11

Page 48

Sh asta

¯ Goals

˘ transparent execution of standard binaries (no special knowledge of software DSMservices)

˘ fine-grained sharing (smaller than page-level)

CS 239, Fall 1999 Lecture11

Page 49

Shasta tech niq ues

¯ Cache coherence protocol

˘ private v shared virtualaddress space

˘ shared states

¯ invalid vs shared vs exclusive

¯ shared miss

¯ Code insertionto detect shared miss load/store beforeit actually occurs

CS 239, Fall 1999 Lecture 11

Page 50

Sh asta Techniq ues, continued

¯ Avoid OS involvement where possible

˘ use inline codefor shared misses, not

OS/VM interrupt handling

˘ use polling for Memory Channel, not standard deviceinterrupt

CS 239, Fall 1999 Lecture11

Page 51

C ashm ere

¯ Goal

˘ two-level shared memory support

¯ hardwarewithin SMP ^node~

¯ software across nodes

˘ uses release consistency, a la earlier

DSMimplementations

CS 239, Fall 1999 Lecture 11

Page 52

DSM Summ ary

¯ Basic idea of DSM is�

¯ Primaryproblems of DSM are�

¯ Recent HW trend responses are...