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ABSTRACT

This paper describes in high#terms the implementation of the residentx®
kernel. Thisdiscussion is bran into three partsThe first part describes Wwahe UNIX
system vies processes, users, and prograifise second part describes the /O system.
The last part describes thaix file system.

1. INTRODUCTION

The uNix kernel consists of about 10,000 lines of C code and about 1,000 lines of assembly code.

The assembly code can be further lroldavn into 200 lines included for the sakf efficieng (they
could hae keen written in C) and 800 lines to perform haadsvfunctions not possible in C.

This code represents 5 to 10 percent of what has been lumped into thexXmeadien ‘the UNIX
operating systeh.T he kernel is the onlyNix code that cannot be substituted by a user towisli&ing.
For this reason, thedtnel should makas few real decisions as possibl&his does not mean to allcthe
user a million options to do the same thirigather it means to allev only one way to do one thing,ut
have that way be the least-commonviior of all the options that might e been preided.

What is or is not implemented in therkel represents both a great responsibility and a greegr.po
It is a soap-box platform ofthe way things should be dorieE ven 0, if “the way” i s too radical, no one
will follow it. Every important decision & weighed carefullyThroughout, simplicity has been substi-
tuted for eficiengy. Complex algorithms are used only if their comgley can be localized.

2. PROCESS CONTROL

In the UNIX system, a userxecutes programs in an\dronment called a user procesélhen a sys-
tem function is required, the user process calls the system as a subrdusoene point in this call, there
is a distinct switch of efronments. Afterthis, the process is said to be a system prodesthe normal
definition of processes, the user and system processesfarendiphases of the same processy(tieve
execute simultaneously)For protection, each system process haswts stack.

The user process mayeeute from a read-only xé sgment, which is shared by all processes
executing the same codelhere is ndunctional benefit from shared-t¢ segments. Anrefficiency benefit
comes from thedlct that there is no need toagwread-only ggments out because the original g@n sec-
ondary memory is still curreniThis is a great benefit to intera@ipograms that tend to be apped while
waiting for terminal input. Furthermore, if tw processes arexecuting simultaneously from the same gop
of a read-only sgment, only one cgpneeds to reside in primary memoryhis is a secondary fett,
because simultaneouseeution of a program is not commott.is ironic that this déct, which reduces the
use of primary memorynly comes into play when there is ave@bundance of primary memarihat is,
when there is enough memory tedp vaiting processes loaded.

All current read-only te& segments in the system are maintained fromtixetable. A text table
entry holds the location of thextessegment on secondary memorlf the sgment is loaded, that table also
holds the primary memory location and the count of the number of processes sharing thi&/keiryhis
count is reduced to zero, the entry is freed along wighpamary and secondary memory holding thg-se
ment. Whera process firstxecutes a sharedstesegment, a tet table entry is allocated and thegseent is
loaded onto secondary memon§ a second processxecutes a tet sggment that is already allocated, the
entry reference count is simply incremented.



A user process has some strictlwgre read-write data contained in its datgrsent. Asfar as pos-
sible, the system does not use the gsdata sgment to hold system datdn particular there are no 1/0O
buffers in the user address space.

The user data genent has tw growing boundariesOne, increased automatically by the system as a
result of memorydults, is used for a stacklhe second boundary is only gno (or shrunk) by xplicit
requests. Theontents of nely allocated primary memory is initialized to zero.

Also associated and syped with a process is a smalkfixsize system datageent. Thisseggment
contains all the data about the process that the system needs only when the process xactples of
the kind of data contained in the system damsnt are: sad central processor gesters, open file
descriptors, accounting information, scratch data area, and the stack for the system phase of the process.
The system data gment is not addressable from the user process and is therefore protected.

Last, there is a process table with one entry per proddss.entry contains all the data needed by
the system when the processi@ active. Examples are the processiame, the location of the othemgse
ments, and scheduling informatioithe process table entry is allocated when the process is created, and
freed when the process terminata@sis process entry is\atys directly addressable by therkel.

Figure 1 shwrs the relationships between tharieus process control datén a sense, the process
table is the definition of all processes, because all the data associated with a process may be accessed start-
ing from the process table entry

Fig. 1—Process control data structure.

2.1. Process ceation and program execution

Processes are created by the system pvierfitkk . The nevly created process (child) is a gopf
the original process (parent)lhere is no detectable sharing of primary memory between thertw
cesses. (Ofourse, if the parent procesasveecuting from a read-only & segment, the child will share
the text sggment.) Copieof all writable data sgments are made for the child proces#les that were
open before théork are truly shared after tHerk. The processes are informed as to their part in the rela-
tionship to allev them to select theirven (usually non-identical) destin The parent mayvait for the ter
mination of ay of its children.

A process magxeca file. Thisconsists of xchanging the currentiteand data ggnents of the pro-
cess for n& text and data sgments specified in the fileThe old sgments are lostDoing anexecdoes
not change processes; the process that digxbepersists, bt after theexecit is executing a diferent pro-
gram. Fileghat were open before tlegecremain open after thexec

If a program, say the first pass of a compilgshes to werlay itself with another program, say the
second pass, then it simpyec the second progranilhis is analogous to gbto.” | f a program wishes
to regan control afterexedng a second program, it shodtitk a child process, hae the childexecthe sec-
ond program, and ke te parentvait for the child. This is analogous to &all.” Breaking up the call
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into a binding folloved by a transfer is similar to the subroutine linkage in Slgswold hanson sl5
overview

2.2. Swapping

The major data associated with a process (the user dpteeise the system datagseent, and the
text sgment) are sapped to and from secondary memas/reeded. Theiser data ggnent and the sys-
tem data sgment are &pt in contiguous primary memory to reduceapping lateng. (When lawv-lateng
devices, such asubbles,CCDs, or scatterigther deices, are used, this decision willMeato be reconsid-
ered.) Allocationof both primary and secondary memory is performed by the same simple first-fit algo-
rithm. Whena process gres, a nav piece of primary memory is allocate@he contents of the old mem-
ory is copied to the me memory The old memory is freed and the tables are updalfethere is not
enough primary memoygecondary memory is allocated instedthe process is sapped out onto the sec-
ondary memoryready to be sapped in with its ng size.

One separate process in therrel, the swapping process, simply sps the other processes in and
out of primary memory It examines the process table looking for a process thatapped out and is
ready to run.It allocates primary memory for that process and reads gmesgs into primary memary
where that process competes for the central processor with other loaded prdtessesimary memory
is available, the s\apping process mak memory ailable by examining the process table for processes
that can be sapped out.It selects a process to aprout, writes it to secondary memgdinges the primary
memory and then goes back to look for a process tagsin.

Thus there are tw ecific algorithms to the sapping processWhich of the possibly manpro-
cesses that are apped out is to be apped in?This is decided by secondary storage residence firhe.
one with the longest time out is apped in first. There is a slight penalty for er processeswhich of
the possibly man processes that are loaded is to beygved out?Processes that areaiting for slav
evants (i.e., not currently running oraiting for disk 1/0) are piokd first, by age in primary memo@gain
with size penalties.The other processes aneamined by the same age algorithmt bre not taégn out
unless thg are at least of some ag@&his adds fisteresis to the saapping and preents total thrashing.

These swpping algorithms are the most suspect in the sysWith limited primary memorythese
algorithms cause total apping. Thids not bad in itself, because theagwping does not impact thgeeu-
tion of the resident processeddowever, if the svapping deice must also be used for file storage, thapw
ping trafic severely impacts the file system tfigf It is exactly these small systems that tend to double
usage of limited disk resources.

2.3. Synchponization and scheduling

Process synchronization is accomplished hyritgaprocesses ait for events. Eents are represented
by arbitrary intgers. Bycorvention, ezents are chosen to be addresses of tables associated with those
evants. For example, a process that isiting for ary of its children to terminate will it for an gent that
is the address of itsam process table entryWhen a process terminates, it signals theerepresented by
its parents process table entrySignaling an gent on which no process isaiting has no ééct. Similarly
signaling an eent on which mawy processes areaiting will wake dl of them up. This differs considerably
from Dijkstra's P aad V synchronization operations, dijkstra sequential processes 1968 in that no memory
is associated withvents. Thughere need be no allocation afeats prior to their useEvents &ist simply
by being used.

On the ngative 3de, because there is no memory associated wéft® no notion of‘how much’
can be signaled via thesemt mechanism.For example, processes thatamt memory might @it on an
event associated with memory allocatiolhen ay amount of memory becomesalable, the gent
would be signaled.All the competing processesowld then vake up to fight over the nev memory (In
reality, the svapping process is the only process thaits\for primary memory to becomeadable.)

If an event occurs between the time a process decidesitiofer that @ent and the time that process
enters the Wit state, then the process wilaivon an eent that has already happened (and masemieap-
pen a@in). Thisrace condition happens because there is no memory associated witenthi® éndicate
that the gent has occurred; the only action of ame is to change a set of processes froait atate to run



state. Thigoroblem is religed largely by the &ct that process switching can only occur in teekl by
explicit calls to the eent-wait mechanism.If the event in question is signaled by another process, then
there is no problemBut if the eent is signaled by a hargwe interrupt, then special care must betak
These synchronization races pose the biggest problemuwuheris adapted to multiple-processor configu-
rations. haley meyer multiprocessing unix

The event-wait code in the &rnel is lilke a ©-routine linkage.At ary time, all ut one of the pro-
cesses has calledent-wait. Theremaining process is the one currentkgcaiting. Whenit calls event-
wait, a process whosesent has been signaled is selected and that process returns from its vafitio e
wait.

Which of the runable processes is to rurtfeAssociatedvith each process is a priorityrhe prior
ity of a system process is assigned by the code issuingatibh®mvan eent. Thisis roughly equialent to
the response that oneould expect on such anvent. Disk events hae high priority, teletype gents are
low, and time-of-day eents are ery lov. (From obseration, the diference in system process priorities has
little or no performance impact.All userprocess priorities are Wer than the lwest system priority
Userprocess priorities are assigned by an algorithm based on the recent ratio of the amount of compute
time to real time consumed by the proceAsprocess that has used a lot of compute time in the last real-
time unit is assigned avouser priority Because interaste processes are characterized by latios of
compute to real time, interaedi response is maintained withoutyespecial arrangements.

The scheduling algorithm simply picks the process with the highest pribwity picking all system
processes first and user processes secthd.compute-to-real-time ratio is updatedrg second. Thus,
all other things being equal, looping user processes will be scheduled round-robin with a 1-second quan-
tum. A high-priority process waking up will preempt a running, wepriority process. The scheduling
algorithm has aery desirable rgetive feedback charactelf a process uses its high priority to hog the
computer its priority will drop. At the same time, if a W-priority process is ignored for a long time, its
priority will rise.

3. /O SYSTEM

The 1/0 system is bran into two completely separate systems: the block 1/0 system and the charac-
ter 1/0 system.In retrospect, the names shouldddeen ‘structured I/0O” and “unstructured 1/C, r espec-
tively; while the term‘block I/0” has some meanindcharacter 1/0’is a @mplete misnomer

Devices are characterized by a majovide numbera mnor device numberand a class (block or
character). Br each class, there is an array of entry points into thealdrivers. Themajor deice num-
ber is used to indethe array when calling the code for a particularickdriver. The minor dgice number
is passed to the diee driver as an agument. Theminor number has no significance other than that
attributed to it by the dvier. Usually, the driver uses the minor number to access one wérad identical
physical deices.

The use of the array of entry points (configuration table) as the only connection between the system
code and the dice drivers is \ery important. Early versions of the system had a much less formal connec-
tion with the drvers, so that it \as etremely hard to handcraft €#frently configured systems$\ow it is
possible to create nedevice drivers in an aerage of a fer hours. Theconfiguration table in most cases is
created automatically by a program that reads the systams list.

3.1. Blockl/O system

The model block I/O déce consists of randomly addressed, secondary memory blocks of 512 bytes
each. Thélocks are uniformly addressed 0, 1, up to the size of the déce. Theblock device driver has
the job of emulating this model on aygital deice.

The block I/O deices are accessed through a layerufdning software. Thesystem maintains a list
of buffers (typically between 10 and 70) each assignedveeal@ame and a diee address.This huffer
pool constitutes a data cache for the blockaes. Ona read request, the cache is searched for the desired
block. If the block is found, the data are madeilable to the requester withoutyaphysical I/O. If the
block is not in the cache, the least recently used block in the cache is renamed, the cicesdtick is
called to fill up the renamediffer, and then the data are madsitable. Writerequests are handled in an



analogous manneiThe correct bffer is found and relabeled if necessamhe write is performed simply
by marking the bffer as “dirty.” The plysical I/O is then deferred until theffer is renamed.

The benefits in reduction of péical I/O of this scheme are substantial, especially considering the file
system implementationThere are, hoever, some dravbacks. Theasynchronous nature of the algorithm
malkes error reporting and meaningful user error handling almost impos$idecaalier approach to 1/0
error handling in th&Nix system is partly due to the asynchronous nature of the block I/O syAtset-
ond problem is in the delayed writel§.the system stops urpectedlyit is dmost certain that there is a lot
of logically complete, bt physically incomplete, I/O in theuffers. Therds a system primitie © flush all
outstanding I/O actity from the luffers. Periodiause of this primitie relps, lut does not sok;, the prob-
lem. Finally the associatity in the huffers can alter the pgisical I/O sequence from that of the logical 1/0
sequence. Thimeans that there are times when data structures on disk are inconsistetitpegh the
software is careful to perform 1/O in the correct ord®n non-random deices, notably magnetic tape, the
inversions of writes can be disastrouBhe problem with magnetic tapes isured’ by alowing only one
outstanding write request per\di

3.2. Characterl/O system

The character I/0O system consists of aNides that do notdll into the block 1/O model.This
includes the‘tlassical’ character déces such as communications lines, paper tape, and line priftters.
also includes magnetic tape and disks wheg #ne not used in a stereotypedyfor example, 80-byte
physical records on tape and track-at-a-time disk coplasshort, the character I/O intadfe means
“ evaything other than block. | /O requests from the user are sent to thécdedriver essentially unal-
tered. Thamplementation of these requests is, of course, up to theeddriver. There are guidelines and
conventions to help the implementation of certain types ofatedrivers.

3.2.1. Diskdrivers

Disk drivers are implemented with a queue of transaction recdeash record holds a read/write
flag, a primary memory address, a secondary memory address, and a transfer bytSwapipithg is
accomplished by passing such a record to theppimg deice driver. The block I/O interfice is imple-
mented by passing such records with requests to fill and empty sysfens.b Thecharacter 1/O intedice
to the disk dwiers create a transaction record that points directly into the user&reaoutine that creates
this record also insures that the user is natpped during this I/O transactioihus by implementing the
general disk dvier, it is possible to use the disk as a blockide, a character gie, and a sap deice.
The only really disk-specific code in normal diskvdrs is the pre-sort of transactions to minimize layenc
for a particular déce, and the actual issuing of the 1/O request.

3.2.2. Characterlists

Real characteoriented deices may be implemented using the common code to handle character
lists. A character list is a queue of characte@ne routine puts a character on a quefirother gets a
character from a queudt is also possible to ask Wwomary characters are currently on a que&orage
for all queues in the system comes from a single common paling a character on a queue will allocate
space from the common pool and link the character onto the data structure defining theGapitug.a
character from a queue returns the corresponding space to the pool.

A typical characteoutput deice (paper tape punch, foxample) is implemented by passing charac-
ters from the user onto a character queue until some maximum number of characters is on thEhgueue.
I/O is prodded to start as soon as there yghémg on the queue and, once started, it is sustained by hard-
ware completion interruptsEach time there is a completion interrupt, theveirgets the net character
from the queue and sends it to the hamdw Thenumber of characters on the queue is ceddnd, as the
count flls through some intermediates/ég an eent (the queue address) is signal@the process that is
passing characters from the user to the queue camitiagvon the eent, and refill the queue to its maxi-
mum when thewent occurs.

A typical character input d&e (for xample, a paper tape reader) is handled iarg similar man-
ner
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Another class of characterwees is the terminalsA terminal is represented by three character
gueues. Therare two input queues (/@ and canonical) and an output queugharacters going to the out-
put of a terminal are handled by common corlacdy as described abe The main diference is that
there is also code to interpret the output streamSasl characters and to perform some translations, e.g.,
escapes for deficient terminaldnother common aspect of terminals is code to insert real-time delay after
certain control characters.

Input on terminals is a little dérent. Characterare collected from the terminal and placed onva ra
input queue.Some deice-dependent code ocgsision and escape interpretation is handled hévhen a
line is complete in the vaqueue, anent is signaled.The code catching this signal then copies a line
from the rav queue to a canonical queue performing the character erase and line kill edisegread
requests on terminals can be directed at either therreanonical queues.

3.2.3. Othercharacter devices

Finally, there are deces that fit no general cgi@y. These deices are set up as character 1/O
drivers. Anexample is a drvier that reads and writes unmapped primary memory as an \idedeSome
devices are toodst to be treated a character at timg, do not fit the disk I/O moldExamples areafst
communications lines anddt line printers.These deices either hee their avn huffers or ‘borrow’ block
I/O buffers for a while and theng them back.

4. THE FILE SYSTEM

In theuNix system, a file is a (one-dimensional) array of bytés.other structure of files is implied
by the systemFiles are attached wwhere (and possibly multiply) onto a hierayaif directories. Direc-
tories are simply files that users cannot wrikexr a further discussion of thextrnal viev of files and
directories, see Refritchie thompson unix bstj 1978 %Q This issue

The uNix file system is a disk data structure accessed completely through the block 1/O gystem.
stated before, the canonical wief a “disk” is a mndomly addressable array of 512-byte blocksfile
system breaks the disk into four self-identifyingioms. Thefirst block (address 0) is unused by the file
system. lfis left aside for booting procedureshe second block (address 1) contains the so-cédleper
block” T his block, among other things, contains the size of the disk and the boundaries of the other
regions. Net comes the i-list, a list of file definitiong&ach file definition is a 64-byte structure, called an
i-node. Theoffset of a particular i-node within the i-list is called its i-numb&he combination of déce
name (major and minor numbers) and i-numbereseto uniquely name a particular filAfter the i-list,
and to the end of the disk, come free storage blocks thatailiabe for the contents of files.

The free space on a disk is maintained by eelinkst of aailable disk blocks.Every block in this
chain contains a disk address of th&trdock in the chain.The remaining space contains the address of
up to 50 disk blocks that are also freehus with one I/O operation, the system obtains 50 free blocks and
a pointer where to find moreThe disk allocation algorithms arery straightforvard. Sinceall allocation
is in fixed-size blocks and there is strict accounting of space, there is no need to comaidige gollect.
However, as dsk space becomes dispersed, lagagradually increasesSome installations choose to occa-
sionally compact disk space to reduce lagenc

An i-node contains 13 disk address@se first 10 of these addresses point directly at the first 10
blocks of a file.If a file is lager than 10 blocks (5,120 bytes), then theeeith address points at a block
that contains the addresses of th&tri28 blocks of the file.lf the file is still lager than this (70,656
bytes), then the twelfth block points at up to 128 blocks, each pointing to 128 blocks of tidddeyet
larger (8,459,264 bytes) use the thirteenth address foipde’ indirect” address. Thealgorithm ends here
with the maximum file size of 1,082,201,087 bytes.

A logical directory hierarchis added to this flat pysical structure simply by adding améype of
file, the directory A directory is accessedactly as an ordinary filelt contains 16-byte entries consisting
of a 14-byte name and an i-numb@&he root of the hierarghis & a known i-number iz, 2). Thefile sys-
tem structure allos an arbitrarydirected graph of directories withgelar files linked in at arbitrary places
in this graph. In fact, \ery earlyunix systems used such a structufgministration of such a structure
became so chaotic that later systems were restricted to a directorizvezenav, with regular files linled



multiply into arbitrary places in the tree, accounting for space has become a prithtesy. become nec-
essary to restrict the entire structure to a tree, and alleew form of linking that is subservient to the tree
structure.

The file system allws easy creation, easy reval) easy random accessing, aratyeasy space allo-
cation. Wth most plysical addresses confined to a small contiguous section of disk, it is also easy to
dump, restore, and check the consisyesfdhe file system.Large files suer from indirect addressingub
the cache preents most of the implied pisical I/O without adding muchxecution. Thespace werhead
properties of this scheme are quite go&dr example, on one particular file system, there are 25,000 files
containing 130M bytes of data-file contefithe overhead (i-node, indirect blocks, and last block breakage)
is about 11.5M bytesThe directory structure to support these files has about 1,500 directories containing
0.6M bytes of directory content and about 0.5M bytesveftead in accessing the directoriesdded up
ary way, this comes out to less than a 10 percemthead for actual stored datdost systems he this
much werhead in padded trailing blanks alone.

4.1. Filesystem implementation

Because the i-node defines a file, the implementation of the file system centers around access to the i-
node. Thesystem maintains a table of all aeti-nodes. Asa rew file is accessed, the system locates the
corresponding i-node, allocates an i-node table eatd/reads the i-node into primary memo#As in the
buffer cache, the table entry is considered to be the cureesibm of the i-nodeModifications to the i-
node are made to the table entihen the last access to the i-node goeayathe table entry is copied
back to the secondary store i-list and the table entry is freed.

All /O operations on files are carried out with the aid of the corresponding i-node table Erery
accessing of a file is a straightfasd implementation of the algorithms mentionedvjonesly. The user is
not avare of i-nodes and i-number&eferences to the file system are made in terms of path names of the
directory tree.Corverting a path name into an i-node table entry is also straigtafdrwStartingat some
known i-node (the root or the current directory of some process), #tecomponent of the path name is
searched by reading the directoffhis gives an i-number and an implied diee (that of the directory).
Thus the net i-node table entry can be accessHdhat was the last component of the path name, then this
i-node is the resultlf not, this i-node is the directory needed to look up thé nemponent of the path
name, and the algorithm is repeated.

The user process accesses the file system with certain yegmiffhemost common of these are
open create read, write, seek and close The data structures maintained arevatnin Fig. 2.
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Fig. 2—File system data structure.
In the system data gment associated with a usthrere is room for some (usually between 10 and 50) open
files. Thisopen file table consists of pointers that can be used to access corresponding i-node table entries.
Associated with each of these open files is a current /0O poifités is a byte déet of the net read/write
operation on the fileThe system treats each read/write request as random with an implied seek to the 1/0O
pointer The user usually thinks of the file as sequential with the 1/0 pointer automatically counting the
number of bytes that kia been read/written from the fileThe user mayof course, perform random I/O by
setting the I/O pointer before reads/writes.

With file sharing, it is necessary to alloelated processes to share a common I/O pointer and yet
have eparate /O pointers for independent processes that access the sailiilthese tw conditions,
the I/O pointer cannot reside in the i-node table nor can it reside in the list of open files for the grxocess.
new table (the open file table)as irvented for the sole purpose of holding the 1/0 poinfeocesses that
share the same open file (the resultodk s) share a common open file table enthyseparate open of the
same file will only share the i-node table enlxyt will have dstinct open file table entries.

The main file system primites ae implemented as folNes. open corverts a file system path name
into an i-node table entryA pointer to the i-node table entry is placed in wigecreated open file table
entry A pointer to the file table entry is placed in the system dgtaesat for the processreatefirst cre-
ates a n@ i-node entrywrites the i-number into a directgrgnd then kiilds the same structure as for an
open read andwrite just access the i-node entry as describedi@bseeksimply manipulates the 1/0
pointer No physical seeking is doneclosejust frees the structuresiitt by openandcreate Reference
counts are &pt on the open file table entries and the i-node table entries to free these structures after the last
reference goesaay. unlink simply decrements the count of the number of directories pointing atvére gi
i-node. Wherthe last reference to an i-node table entry goey,df the i-node has no directories pointing
to it, then the file is remved and the i-node is freedThis delayed remal of files preents problems aris-
ing from remeing active files. Afile may be remeed while still open. The resulting unnamed fileaw-
ishes when the file is closed@his is a method of obtaining temporary files.

There is a type of unnamedrO file called apipe. Implementation ofpipes cnsists of implied
seels before eachiead or write in order to implement first-in-first-oufThere are also checks and synchro-
nization to preent the writer from grossly outproducing the reader and teeptéhe reader fromwertak-
ing the writer

4.2. Mountedfile systems

The file system of aNix system starts with some designated blockicdeformatted as described
abore © contain a hierarch The root of this structure is the root of theix file system.A second for
matted block déce may be mounted atyateaf of the current hierargh This logically extends the current
hierarcly. The implementation of mounting isuial. A mount table is maintained containing pairs of des-
ignated leaf i-nodes and blockwilzes. Whercorverting a path name into an i-node, a check is made to see
if the nav i-node is a designated ledf.it is, the i-node of the root of the blockvdee replaces it.

Allocation of space for a file is tak from the free pool on thexdee on which the file lies. Thusa
file system consisting of mgmmounted deices does not lve& a @mmon pool of free secondary storage
space. Thiseparation of space on féifent deices is necessary to allaeasy unmounting of a eiee.

4.3. Othersystem functions

There are some other things that the system does for the user-a little accounting, a little trac-
ing/delugging, and a little access protectidriost of these things are notry well deeloped because our
use of the system in computing science research does not needTthera.are some features that are
missed in some applications, fotagnple, better inteprocess communication.

The uNix kernel is an 1/O multipleer more than a complete operating systeftis is as it should
be. Becausef this outlook, mayfeatures are found in most other operating systems that are missing from
the uNIx kernel. For example, theunix kernel does not support file access methods, file disposition, file
formats, file maximum size, spooling, command language, logical recosascadirecords, assignment of
logical file names, logical file names, more than one character set, an operatsole, an operatolog-
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in, or log-out. Many of these things are symptoms rather than featuvay of these things are imple-
mented in user sofave using the érnel as a tool. A good example of this is the command language.
bourne shell 1978 bstj %Q This issue Each user mag ha ovn command languageMaintenance of
such code is as easy as maintaining user cdte.idea of implementingsystem’ code with general user
primitives comes directly fronMULTICS. organick multics 1972
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