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ABSTRACT

A remmplementahon of the UNEY file system 15 desenbed. The remmplementation
provides substanfially higher throuzhput rates by wsmg more flaxible allocahon policies
that allow better locality of reference and can be adapted to 2 wide ranze of penpheral
and processor charactenistics. The new file system clusters data that 13 sequenfially
accessed and provides twe block sizes to allow fast access to larse files while not wasting
large amountz of space for small files. File access rates of up fo ten times faster than the
tradihonal UNIX file system are expenenced. Long needed enhancements to the pro-
srammers’ mferface are discuszed. Thess mclude a2 mechanizm to place advisory locks
on files, extensions of the name space acrosz file systems, the abihty to use long fle
names, and provisions for admmistrative control of rescurce uzaze.
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l. Introduction

This paper descmbes the chanses from the ongimal 312 byte UNDEL file system to the new one
releazad with the 4.2 Berkeley Software Distmbution. It presents the motrations for the changses, the meth-
ods used to effact these changes, the rahonale behmd the dssisn decisions, and a descniphon of the new
mplementation. Thiz dizcussion 18 followed by 2 summary of the results that have been obtamed, dirac-
tions for future work, and the additions and changes that have been made to the facilities that are avalable

to prosramrners.

The ongmal UNIX system that nms on the PDP-117 has simple and alegant file system facilmes.
File systermn mput/cutput 15 buffered by the kemel; there are no ahigmment constraints on data transfars and
all operations are made to appear synchronous. All transfers to the disk are mn 512 byte blocks, which can
be placed arbitranly wathin the data area of the file system Virtually no constraints other than avalable
disk space are placed on file growth [Fatchia74], [Thompson73].*

When used on the VAZX-11 together with other UNDY{ enhancements, the ongmnal 512 byte UNEX file
system 1= mcapable of providing the data throushput rates that mamy appheations reqmre. For esample,
applications such as VL3I desizm and mmaze processme do a small amount of processing on a large quant:-
tiez of data and need to have a high throughput from the file systemn. High throughput rates are also needed
bv programs that map files from the file system mto large virtual address spaces. Pagmns data in and out of
the fils system 15 likely to occur frequenthy [Fermm82b]. This requires a file system providing lugher band-
width than the ongmal 312 byte UNCY one that provides only about two percent of the ' dask
bandwidth or about 20 kilobytes per second per arm [White30], [Smuth81b].

MModificahons have baen made to the UNEK file systam to moprove s performance. Smce the TTNEX
fila system mferface 13 well understood and not mherenthr slow, this development retamned the abstraction
and simply chanzed the underlying mmplamentation to merease 1t throughput. Consequenthy, users of the
system have not been faced with massree software comersion.

Problems with file system performance have been dealt wath extensmely m the hterature; see
[BrmuthE1a] for a survey. Previous work fo maprove the UNEY file system performuance has been done by
[Ferrm82a). The UMLK operating system drew many of ife 1deas from Mulhics, a largs, lugh performance

T LEC, P8, VAN, MASIELTE, and UNIELS are irademarks of Dzita] Eqgupment Corporation
* In practice, 2 file's size i= constrained to be lezs than about one Sizabyvis
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operating system [Falertag71). Other work meclodes Hirdra [Almes 78], Spice [ThompsonB0], and a file sys-
tem for a LISP amronment [SymbolicsBl]. A good mntroeduction to the physical latemcies of disks 1=
descnibad m [Pachura83].

2. Old File Syztem

In the file system developed at Bell Laboratones (the “traditional™ file system), each disk drmve 1=
driided into one or more partthons. Each of these disk parbtions may contamn one file system. A fils sys-
tam never spans multiple partitions. 7 A file system 1z descmbad by its super-block, which contains the
basic parameters of the file system. Thess melude the number of data blocks m the file system, a count of
the masomum mumber of files, and a pointer to the fres lizz, 2 linked hist of all the free blocks m the file sys-
tam.

Within the file system are files. Certamn files are distingmshed a:= directones and confam pomnters to
files that may themselves be directones. Every file has a descnptor associated wath it called an inode. An
mode contains information descnbins ownership of the file, tme stampe marking last medification and
access times for the file, and an array of mdices that pomt to the data blocks for the fils. For the purposes
of thiz sachon, we aszume that the first 8§ blocks of the file ars directly referenced by values stored n an
moda itzelf*. An inode may also confam references to indiract blocks contamung further data block mdices.
In a file system with a 5312 byte block zize. a singly mdirect block contams 128 further block addresses. a
doublr mdirect block contains 128 addresses of firther sinzly indirect blocks, and a mply mndirect block
contains 128 addresses of further doubly mdirect blocks.

A 1530 mezabyta tradiional UNLK file system consists of 4 mesabvtes of modes followed by 146
mesabytes of data This orgamization segresates the mode mformation from the data; thus acceszmgz 2 file
normally meours a long seek from the file’s mode to itz data. Files m a single diractory are not typcally
allocated conzacutrre slots i the 4 mezabytes of iInodes, cavsmeg many non-consecutive blocks of mnodes to
be accezzad when executing operations on the modes of several filez m a directary.

The allocation of data blocks to files 15 also suboptimum. The tradibional file system never transfers
miore than 312 bytes per dizk transaction and often finds that the next ssquential data block 15 not on the
zame cyvlinder, forcing seeks botween 312 byte transfers. The combination of the small block size, limitad
read-ahead m the system and mamy seeks severely linmts fils system throughput.

The first work at Berkeley on the UNIX file system attempted to mmprose both reliability and
throughput. The rehalibity was mmproved by stasing modifications to cntical file syvstem information so
that they could either be complatad or repared cleanly by a program after a crash [Kowal=ka78]. The file
system performance was improved by a factor of more than towo by chaneing the basic block zi1ze from 312
to 1024 bytes. The merease was because of two factors: each dick fransfer accessed tuace as muoch data,
and most files could be descnibed without need to access mdirect blocks since the direct blocks contamed
twace as much data. The file system with these chanzes vall henceforth be referred to as the old file putem

This performance mmprovement gave a strong indication that mereasing the block size wasz a good
method for mproving throughpat, Althoush the throughput had doubled, the old fils svstem was sthll vsms
only about four percent of the dizsk bandwidth The mam problem was that althoush the free list was mu-
tially ordered for optimal access, #t qmekly bacame scrambled as files were created and removed. Eventu-
ally the free list became entirely random, causmz files to have their blocks allocated randomly orer the
disk This forced a seek before every block access. Although old file systems provided transfer rates of up
to 173 klcbytes per sacond when they were first creatad, this rate deteniorated to 30 klobytes per second
after a faw weeks of moderate use becanze of this randomuzation of data block placement. There was no
wayv of restoring the performance of an old file system except to dump, relwld, and restore the fils system
Another poszibility, as sosgested by [Aaruvama78], would be to have a process that pencdically

T By “'partiion™ hers we refer to the subdiizion of phnsical space an a disk drve  In the traditional file oy
tem, a: i the new file syxztem file syztems are really located i lesical disk partitions thed may overlap  This
overlapping 1= made madlable, for example, to allow program: @0 copy entire disk drives contaimins puitpls file
SYEAEImE

* The achz] member may vary om sysiem to syst=m, bat s usually in the rmnse 3-15.



