CS 239, Fall2000 Lecture 9

Page 1

Novel Directions in F ile

Sy stems Resea rch

CS239

Advanced Operating Sy stems

November 9, 2000

Dr. Richard Guy

CS 239, Fall2000 Lecture 9

Page 2

Lectu re Source Materials

¯ Vnodes : An Architecture for Multiple File

System Typ es in Sun Unix, b y Kleiman , in

1986 USENIX.

¯ File - s ystem development with s tackable layers , b y Heid emann and Popek , in AC M

TOCS, 12(1):58 - 89, 1994.

CS 239, Fall2000 Lecture 9

Page 3

More Source Materia ls

¯ A Flash - Memo ryB ased File System , b y

Atsuo Kawaguchi, Shingo Nish ioka , and

Hiroshi Motoda , in 1995 Winter Usenix .

¯ A Pageable Memor yBas ed Files ystem , b y

McKusick , et al, in 1990 Summer Us enix .

CS 239, Fall2000 Lecture 9

Page 4

Outlin e

¯ File S ystem Extensibilit y

¯ Non - disk File S yste ms

CS 239, Fall2000 Lecture 9

Page 5

File Sy stem Extensib ility

An ye xisting file s yste m can be improved

No file s ystem is per fect for all purposes

So the OS sh ould ma ke mul tiple file s yste ms available

And should allow for future improvements to file s ystems

CS 239, Fall2000 Lecture 9

Page 6

Approaches to File S y stem

Extensibility

¯ Modi fyan existing file s ystem

¯ Virtual file s ystems

¯ La yered and stackable file syste m la yers

CS 239, Fall2000 Lecture 9

Page 7

Modify ing Existing File

Sy stems

Make the changes you want to an alread y operating file s ystem

+ Reuses code

˘ But changes ever yone´s file s yste m

˘ Requires access to source c ode

˘ Hard to distribute

CS 239, Fall2000 Lecture 9

Page 8

Virtual File Sy stems

Permit a single OS installation to run multiple file s ystems

Using the same hi gh - le vel interface to each

OS keeps track of which file s are instantiated b ywhich file s ystem

Introduced b ySun

CS 239, Fall2000 Lecture 9

Page 9

/

A B

4.2 BSD

File

System

NFS

File

System

CS 239, Fall2000 Lecture 9

Page 10

Goals of Virtual File Sy stems

¯ Split FS i mplementation - dependent and - independent functionalit y

¯ Support semantics of i mport ant existing file s ystems

¯ Usable b yboth clients and servers of remote file s ystems

¯ Atomicit yof operation

¯ Good perfor mance, re - entrant, no centralized resources, ^OO~ approach

CS 239, Fall2000 Lecture 9

Page 11

Basic VFS Arch itecture

¯ Split the existing c ommon Unix file s yste m architecture

˘ Nor mal user file - related s yst em calls above the split

˘ File s ystem dependent implementation details below

¯ Inodes fall below

¯ open() and read() calls above

CS 239, Fall2000 Lecture 9

Page 12

VFS Architecture B lock

Diagra m

System Calls

Vnode Layer

PC File S ystem 4.2 BSD File S ystem NFS NFS Server

Floppy

Disk

Hard

Disk Network

CS 239, Fall2000 Lecture 9

Page 13

Virtual File Sy stems

Each VFS is linked into an OS - maintained list of VFS´s

First in list is the root VFS

Each VFS has a pointer to its data

Which describes howt o find its files

Generic operations used to access VFS´s

CS 239, Fall2000 Lecture 9

Page 14

Vnodes

The per - file data structure made available to applications

Has both public and private data areas

Public area is static or maintained onl y at VFS le vel

No loc king done b ythe vn ode la yer

CS 239, Fall2000 Lecture 9

Page 15

rootvfs

vfs1 vfs2 vfs _next vfs _next vfs _ vnodeuncovered vfs _ vnodeuncovered vfs _data vfs _data vnode1 vnode2 vnode3 v_ vfsp v_ vfsp v_ vfsp v_ vfsmountedhere v_ vfsmountedhere v_ vfsmountedhere v_data v_data v_data

4.2 BSD

File

System

NFS

inode 1 inode 2 inode 1 mount mount

CS 239, Fall2000 Lecture 9

Page 16

/

/A

CS 239, Fall2000 Lecture 9

Page 17

Does th e VFS Model Give

Sufficient Extensibility?

The VFS approach allows us to add ne w file s ystems

But it isn´t as helpful for improving existing file s ystems

What can be done to add functionalit yt o existing file s ystems?

CS 239, Fall2000 Lecture 9

Page 18

Lay ered and Stackab le F ile

Sy stemLay ers

Increase functionalit yof file s ystems b y permitting some for m of composition

One file s ystem calls another, gi ving advantages of b oth

Requires strong common int erfaces, for full generalit y

CS 239, Fall2000 Lecture 9

Page 19

Lay ered File Sy stems

Windows NT provides one example of la yered file s ystems

File s ystems in NT are the same as device drivers

Device drivers can call other device drivers

Using the same interface

CS 239, Fall2000 Lecture 9

Page 20

Window s NT Lay ered Drivers

Examp le

User - Le vel Process

User mode

Kernelmode

System Services

I/O

Manager

File System

Driver

Multivolume

Disk Driver

Disk Driver

CS 239, Fall2000 Lecture 9

Page 21

Another Approach - UCLA

Stackable Lay ers

More e xplicitl ybuilt to handle file s yste m e xtensibilit y

La yered drivers in Windows NT allow extensibilit y

Stackable la yers supports extensibilit y

CS 239, Fall2000 Lecture 9

Page 22

Stackable Lay ers Example

LFS

VFS Layer

File Sys tem

Calls

File Sys tem

Calls

VFS Layer

LFS

Compres sion

CS 239, Fall2000 Lecture 9

Page 23

How Do You Create a

Stackable Lay er?

¯ Write just the code that the new functionalit yrequires

¯ Pass all other operations to l ower levels ( bypass operations)

¯ Recon figure the s ystem so the new la yer is on t op

CS 239, Fall2000 Lecture 9

Page 24

User

File Sys tem

Directory

La yer

Directory

La yer

Compress

La yer

UFS

La yer

Encrypt

La yer

LFS

La yer

CS 239, Fall2000 Lecture 9

Page 25

What Changes Does Stackable

Lay ers R equire?

¯ Changes to vn ode interface

˘ For full value, must allow expansion to the interface

¯ Changes to mount comman ds

¯ Serious attention to per for mance issues

CS 239, Fall2000 Lecture 9

Page 26

Extending th e In terface

Ne w file la yers pr ovide ne w functionalit y

Possibl yrequiring new vnode operations

Each la yer must be prepared to deal with arbitraryunknown operations

Bypass vnode operation

CS 239, Fall2000 Lecture 9

Page 27

Handling a Vnode Operation

A la yer can d o three things with a vn ode operation:

1. Do the operation and return

2. Pass it down to the next l a yer

3. Do some wor k, then pass it down

The same choices are available as the result is returned up the stack

CS 239, Fall2000 Lecture 9

Page 28

Mounting Stackable Lay ers

Each la yer is mounted with a separate command

Essentiall ypushing ne w la yer on stack

Can be perfor med at an yn ormal mount time

Not just on s ystem build or boot

CS 239, Fall2000 Lecture 9

Page 29

What Can You Do With

Stackable Lay ers?

Le verage off e xisting file s ystem technolog y, adding

¯ Compression

¯ Encr yption

¯ Object oriented operations

¯ File replication

All with out altering an ye xisting code

CS 239, Fall2000 Lecture 9

Page 30

Performance of Stackable

Lay ers

To be a reasonable solution, per - la yer overhead must be low

In UCLA implementation, overhead is

~1 - 2% per la yer

In s yste m time, not elapsed time

Elapsed time overhead ~.25% per la yer

Highl yapplication dependent, of course

CS 239, Fall2000 Lecture 9

Page 31

File Sy stems Using Other

Storage Devices

All file s ystems discussed so far have been disk - based

The ph ysics of dis ks has a strong e ffect on the design of the file s yst ems

Different devices with differ ent properties lead to different file s ystems

CS 239, Fall2000 Lecture 9

Page 32

Other Ty pes of File S y stems

¯ In - c ore file s ystems

¯ Flash memor yfile s ystems

¯ Net work/distributed file s ys tems

CS 239, Fall2000 Lecture 9

Page 33

Fitting Va rious F ile S y stems

Into th e OS

Something li ke VFS is ver yhand y

Otherwise, need multiple file access interfaces for di fferent file syste ms

With VFS, interface is the same and storage method is transparent

Stackable la yers ma kes it even easier

Simpl yreplace the lowest layer

CS 239, Fall2000 Lecture 9

Page 34

In - Core File Sy stems

Store files in main memor y, not on disk

+ Fast access and high bandwidth

+ Usuall ysimple to implemen t

˘ Hard to make persistent

˘ Often of li mited size

˘ Ma yc ompete with other memor y needs

CS 239, Fall2000 Lecture 9

Page 35

Where Are In - Core F ile

Sy stems U seful?

¯ When brain - dead OS can´t use all main memor yfor other purposes

¯ For temporar yfiles

¯ For files requiring ver yhi gh throughput

CS 239, Fall2000 Lecture 9

Page 36

In - Core File Sy stem

Architectures

¯ Dedicated memor yarchitectures

¯ Pageable in - core file s ystem architectures

CS 239, Fall2000 Lecture 9

Page 37

Dedicated Memo ry

Architectures

Set aside some se gment of p h ysical memor yto hold the file s yst em

Usable onl yb ythe file s yste m

Either it´s small, or the file s yste m must handle swapping to dis k

RAM disks are t ypical exa mples

CS 239, Fall2000 Lecture 9

Page 38

Pageable Arch itectures

Set aside some se gment of virtual memor yto hold the file s yst em

Share ph ysical memor ys yst em

Can be much larger and simpler

More e fficient use of resources

UNIX

/ tmp file s ystems ar e t ypical examples

CS 239, Fall2000 Lecture 9

Page 39

Basic Arch itecture of Pageable

Memo ry File Sy ste m

Uses VFS interface

Inherits most of c ode fr om s tandard disk - based files ystem

˘ including caching code

Uses separate process as ^wrapper~ for virtual memor yconsumed b yFS data

CS 239, Fall2000 Lecture 9

Page 40

How Well Does Th is Perform?

Not as well as you mi ght think

˘ Around 2 times disk based FS

˘ Why?

Because an yaccess requires t wo memor yc opies

1. From FS area to kernelbuffer

2. From kernelbuffer to user space

Fixable i f VM can s wap buffers around

CS 239, Fall2000 Lecture 9

Page 41

Other Reason s Performance

Isn´t B etter

Disk file s yste m makes substantial use of caching

Which is alread yjust as fast

But speedup for file creation/deletion is faster

˘ requires multiple trips to disk

CS 239, Fall2000 Lecture 9

Page 42

Flash Me mo ry File S y stems

¯ What is flash me mor y?

¯ Wh yis it useful for file s ystems?

¯ A sample design of a flash memor yfile s yste m

CS 239, Fall2000 Lecture 9

Page 43

Flash Me mo ry

A form of s olid - state me mor ysimilar t o

ROM

Holds data with out power suppl y

Reads are fast

Can be written once, more slowl y

Can be erased, but ver ysl owl y

Limited number of erase c ycles before degradation

CS 239, Fall2000 Lecture 9

Page 44

Writing In Flash Memory

If writing t o empt yl ocation, just write

If writing t o previ ousl ywritten location, erase it, then write

Typicall y, flash memories allowerasure onl yof an entire sector

Can read (sometimes write) other sectors during an erase

CS 239, Fall2000 Lecture 9

Page 45

Ty pical Flash Memo ry

Characteristics

Read c ycle

Write c ycle

Eras e c ycle

Cycle limit

Sector size

Power

Consumption

Price

80 - 150 ns

10 m s/byte

1 s/block

100,000 times

64 Kbytes

30 - 50 mA active

20 - 100 mA standby

~ $15/ Mbyte

CS 239, Fall2000 Lecture 9

Page 46

Advantages and Disa dvantages of Flash Memory

+ Small, and light

+ Uses less power than disk

+ Read time comparable to main memor yaccess time

+ No rotation/seek complexities

+ No moving parts (shock resistant)

˘ Expensive (disk costs 15 cents/ Mb yte )

˘ Erase c ycle ver yslow

˘ Limited number of erase c ycles

CS 239, Fall2000 Lecture 9

Page 47

Flash Me mo ry File S y stem

Architectures

¯ One basic decision to ma ke

˘ Is flash memor ydisk - li ke?

˘ Or me mor y - like?

Should flash memor ybe treated as a separate device, or as a special part of addressible memor y?

CS 239, Fall2000 Lecture 9

Page 48

Hitach i Flash Memo ry File

Sy stem

Treats flash me mor yas devi ce

As opposed to directl yaddressable memor y

Basic architecture similar to log file s yste m

CS 239, Fall2000 Lecture 9

Page 49

Basic Flash Memory FS

Architecture

¯ Writes are appended to tail of sequential data structure

¯ Translation tables to find blocks later

¯ Cleaning process to repair fragmentation

¯ This architecture does no wear - leveling

CS 239, Fall2000 Lecture 9

Page 50

Flash Me mo ry Banks and

Seg ments

¯ Architecture divides entire flash memor yinto banks (8, in current implementation)

¯ Banks are subdivided into segments

˘ 8 segments per bank, currentl y

¯ 256Kb ytes per segment

¯ 16Mb yte total capacit y

CS 239, Fall2000 Lecture 9

Page 51

Writing Data in Flash Memory

File Sy stem

One bank is currentl yactive

Ne wdata is written t o bloc k in active bank

When this bank is full, move on t o bank with most free segments

Various data structures maintain illusion of ^contigu ous~ me mor y

CS 239, Fall2000 Lecture 9

Page 52

Cleaning Up Data

Cleaning is done on a segment basis

When a segment is t o be cleaned, its entire bank is put on a cleaning list

No more writes to bank till cleaning is done

Segments chosen in manner similar to

LFS

CS 239, Fall2000 Lecture 9

Page 53

Cleaning a Seg men t

¯ Cop yli ve data to an other segment

¯ Erase entire segment

˘ segment is erasure granularit y

¯ Return bank to active bank l ist

CS 239, Fall2000 Lecture 9

Performance of the P rototy pe

Flash Me mo ry Sy stem

No seek ti me, s o sequential/random access should be equall yfast

Around 650 - 700 Kb ytes per second

Read perfor mance goes at t his speed

Write perfor mance slowed b ycleaning

How much depends on how full the file s ystem is

Also, writing is simpl yslower in flash

CS 239, Fall2000 Lecture 9

More Fla sh Memo ry File

Sy stemP erforman ce Data

On Andre w Benchmark, performs comparabl yt o pageable me mor yFS

Even when flash memor yn earl yfull

This benchmark does l ots of reads, fe w writes

Allowing flash file s ystem to perfor m lots of cleaning without delayin g writes