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ABSTRACT

This paper describes an approach used by a small group of peopleltp dad
integrate a lage softvare system.lt details the deglopment and release engineering
stratgly used during the preparation of theBEB version of the UNIXT operating sys-
tem. Eaclrelease ycle is dvided into an initial declopment phase follwed by a release
engineering phaselhe release engineering of the digitibn is done in three step¥he
first step has an informal control pglifor tracking modifications; it results in an alpha
distribution. Thesecond step has more rigid change mechanisms in place; it results in a
beta releaseDuring the final step changes are teatkery closely; the result is the final
distribution.

1. Introduction

The Computer Systems Research GraL®R@G has alvays been a small group of sofive deelop-
ers. Thisresource limitation requires careful sofirg-engineering management as well as careful coordi-
nation of bothCSRGpersonnel and the members of the general community who adettithe declop-
ment of the system.

Releases from Beeley alternate between those that introduce majav fecilities and those that
provide hug fixes and diciency improvements. Thisalternation allavs timely releases, while prialing for
refinement, tuning, and correction of thewrfacilities. Thetimely followup of “cleanup’ releases reflects
the importanceCSRG places on pnading a reliable and ratst system on which its user community can
depend.

The deelopment of the Berdey Software Distritution BSD) illustrates aradvantage of having a
few principal developers: the declopers all understand the entire system thoroughly enough to be able to
coordinate theirwn work with that of other people to produce a coherent final sys@wmpanies with
large deelopment oganizations find this result di€ult to duplicate. This paper describes the process by
which the deelopment efort for 4.38SD was managed:effer198%a

2. System Development

The first phase of each Betky system is its deslopment. CSRGmaintains a continuouslyelving
list of projects that are candidates for grégion into the systemSome of these are prompted by egirgg
ideas from the researchowid, such as thevailability of a nev technology while other additions are sug-
gested by the commercialowd, such as the introduction of wmestandards lik POSIX, and still other
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projects are emgeng responses to situationsdilthe Internet \rm.

These projects are ordered based on the petcbenefit of the project as opposed to itdiciifty;
the most important are selected for inclusion in eaghretease. Oftethere is a prototypevailable from
a goup outsideCSRG Because of the limited sfat CSRG this prototype is obtained to use as a starting
base for intgration into theBSD system. Onlyf no prototype is @ailable is the project lggin in-house.In
either case, the design of tlaility is forced to conform to theSRGstyle.

Unlike aher deelopment groups, the sfadf CSRGspecializes by projects rather than by particular
parts of the system; a stgierson will be responsible for all aspects of a projéttis responsibility starts
at the associatedeknel deice drivers; it proceeds up through the rest of tieenlel, through the C library
and system utility programs, ending at the user application. |ayes staf person is also responsible for
related documentation, including manual pagéany projects proceed in parallel, interacting with other
projects as their paths cross.

All source code, documentation, and auxiliary files aptkunder a source code control system.
During derelopment, this control system is critical for notifying people whewy #ne colliding with other
ongoing projects.Even more important, lweever, is the audit trail maintained by the control system that is
critical to the release engineering phase of the project described irxtlsectéon.

Much of the deelopment ofBSD is done by personnel that are located at other institutibiagy of
these people not only ¥xa interim copies of the release running on theinanachines, Wt also hae user
accounts on the main dg@opment machine at Begkey. Such users are commonly found logged in at
Berkeley over the Internet, or sometimes via telephone dialup, from places asdy as Massachusetts or
Maryland, as well as from closer places, such as Stanfemdthe 4.BSD release, certain users had-per
mission to modify the master cppf the system source directlfPeople gven access to the master sources
are carefully screened beforehanut are not closely supervise@heir work is checkd at the end of the
beta-test period bgSRG personnel who back out inappropriate chandeaveral facilities, including the
Fortran and C compilers, as well as important system programsseonmpéde,telnet andftp, include signifi-
cant contribitions from people who did notosk directly for CSRG One important xception to this
approach is that changes to thexriel are made only b§SRG personnel, although the changes are often
suggested by the lger community

The deelopment phase continues uniBRGdecides that it is appropriate to neak elease. The
decision to halt delopment and transition to release mode isatriby seveal factors. Thamost impor
tant is that enough projectsvaateen completed to makhe system significantly superior to the\poaisly
released ersion of the systemFor example, 4.BSD was released primarily because of the need for the
improved networking capabilities and the madly improved system performanceOf secondary imper
tance is the issue of timindf the releases are too infrequent, tl@&RGwill be inundated with requests
for interim releasesCorversely if systems are released too frequenthe intgration cost for manven-
dors will be too high, causing them to ignore the releaB@wlly, the process of release engineering is
long and tediousFrequent releases sldhe rate of deslopment and cause undue tedium to the.staf

3. System Release

Once the decision has been made to haleldement and bgin release engineering, all currently
unfinished projects areva@luated. Thisevduation involves computing the time required to complete the
project as opposed to Wwdmportant the project is to the upcoming releaBeojects that are not selected
for completion are renved from the distrintion branch of the source code control system awnelsan
branch deltas so thiecan be retrieed, completed, and mged into a future release; the remaining unfin-
ished projects are brought to orderly completion.

Developments fronCSRGare released in three steps: alpha, beta, and #idgha and beta releases
are not true distriltions—thg are test systemsAlpha releases are normallyadlable to only a fev sites,
usually those wrking closely withCSRG More sites are gen beta releases, as the system is closer to
completion, and needs wider testing to find more obscure problemng&xample, 4.BSD alpha vas dis-
tributed to about fifteen sites, while BSD beta ran at more than a hundred.



3.1. Alpha Distribution Development

The first step in creating an alpha digitibn is to ®aluate the risting state of the system and to
decide what softare should be included in the relea3dis decision process includes not only deciding
what softvare should be addedytbalso what obsolete sofane ought to be retired from the distriion.
The nev software includes the successful projects thaeheen completed &SRGand elsehere, as well
as some portion of theast quantity of contrilted softvare that has beenfefed during the delopment
period.

Once an initial list has been created, a prototype filesystem corresponding to thetidistisbcon-
structed, typically namefghbsd. This prototype will gentually turn into the master source tree for the final
distribution. Duringthe period that the alpha diswifon is being creatednbsd is mounted read-write,
and is highly fluid. Programs are created and deleted, @rsions of programs are completely replaced,
and the correspondence between the sources and binaries is only loosely. tfaekpleoutsideCSRG
who are helping with the disttition are free to change their parts of the distidn at will.

During this period the mdy forming distritution is checkd for interoperability For example, in
4.3SD the output of contd differences fromdiff was changed to mge overlapping sections.Unfortu-
nately this change brakthe patch program which could no longer interpret the outpudiéf. Since the
change tdliff and thepatch program had originated outside Beldy, CSRGhad to coordinate thefefts
of the respectie aithors to mak the programs ark together harmoniously

Once the sources ¥m dabilized, an attempt is made to compile the entire source @&en this
exposes errors caused by changed header files, or use of obsoleted C libragemtdfthe incompatibil-
ities afect too mag programs, or requirexeessve anounts of change in the programs that afectdd,
the incompatibility is badd out or some baclard-compatible intedce is proided. Theincompatibilities
that are found and left in are noted in a list that is later incorporated into the releaseThasgsusers
upgrading to the e system can anticipate problems in theimosoftware that will require change.

Once the source tree compiles completielis installed and becomes the running system@is®G
uses on its main @elopment machine.Once in day-to-day use, other interoperability problems become
apparent and are resebl. Whenall known problems hee been resoled, and the system has been stable
for some period of time, an alpha distrilon tape is made from the contentgrdisd.

The alpha distribtion is sent out to a small set of test sit€hese test sites are selected asnmpa
sophisticated user population, not only capable of findimgsbhut also of determining their cause and
developing a fix for the problemThese sites are usually composed of groups that are ctimgilsoftware
to the distrilution or groups that lve a @rticular expertise with some portion of the system.

3.2. Beta Distribution Development

After the alpha tape is created, the disttiitn filesystem is mounted read-ankurther changes are
requested in a change log rather than being made directly to theudistribThechange requests are
inspected and implemented by 8RGstaf person, folleved by a compilation of the fatted programs to
ensure that thestill build correctly Once the alpha tape has been cut, changes to the utisinilare no
longer made by people outsi@SRG

As the alpha sites install anddie running the alpha distuition, they monitor the problems that
they encounter For minor lugs, thg typically report back theug along with a suggested fisince mag
of the alpha sites are selected from among the peaplking closely withCSRG they often hare acounts
on, and access to, the primagRGdevelopment machine.Thus, thg are able to directly install the fix
themseles, and simply notiffSRGwhen thg havefixed the problem After verifying the fix, the décted
files are added to the list to be updatednysd.

The more important task of the alpha sites is to test out théandities that hae keen added to the
system. Thalpha sites often find major designwitaor operational shortcomings of theeifities. When
such problems are found, the person in ghaof that &cility is responsible for resolving the problem.
Occasionally this requires redesigning and reimplementing parts offéwtedfacility. For example, in
4.2BSD, the alpha release of the nerking system did not we mnnection queueingThis shortcoming
prevented the netark from handling maynconnections to a single senv The result vas that the netark-
ing interface had to be redesigned toypde this functionality



The alpha sites are also responsible for ferreting out interoperability problems betderentditili-
ties. Theuser populations of the test sitedeatiffrom the user population @sRG and, as a result, the util-
ities are mercised in vays that difer from the vays that thg are used aCSRG These diferences in usage
patterns turn up problems that do not occur in our initial tegtagrment.

The alpha sites frequently redistrib the alpha tape tovaeal of their avn alpha sites that are partic-
ularly interested in parts of theweystem. Thesadditional sites are responsible for reporting problems
back to the site from which theeceved the distrilution, not toCSRG Often these redistrilion sites are
less sophisticated than the direct alpha sites, so their reports need to be filtexe@d $pwrious, or site
dependent, Ug reports. The direct alpha sites sift through the reports to find those that aventelend
usually \erify the suggested fix if one isvgn, or deelop a fix if none is preided. Thishierarchical test-
ing process forcesug reports, figs, and n& software to be collectedyduated, and chee for inaccura-
cies by first-lgel sites before being forarded toCSRG dlowing the deelopers alCSRGto concentrate on
tracking the changes being made to the system rather than sifting through informationdoftgnous)
from every alpha-test site.

Once the major problems\ealeen attended to, the focus turns to getting the documentation syn-
chronized with the code that is being shipp&tie manual pages need to be cleecto be sure that the
accurately reflect gnchanges to the programs thatytlescribe. Usuallghe manual pages aregt up to
date as the program thelescribe eolves. Havever, the supporting documents frequently do not get
changed, and must be edited to bring them up to dateing this reiew, the need for other documents
becomeswdent. For example, it vas during this phase of £3D that it was decided to add a tutorial doc-
ument on hw to use the soalt interprocess communication primes.

Another task during this period is to contact the people that dmatributed complete softare pack-
ages (such aRCS or MH) in previous releases to see if thevish to male any revisions to their softare.
For those who do, the mesoftware has to be obtained, and testedetdfy that it compiles and runs cor
rectly on the system to be releasédjain, this intgration and testing can often be done by the cantrib
tors themseles by logging directly into the master machine.

After the stream of iy reports has slkeed davn to a reasonablevd, CSRGbegins a careful neew
of all the changes to the system since theipus releaseThe review is done by running a recuxa diff
of the entire source tree—here,/nbsd with 4.2BSD. All the changes are chesdk to ensure that there
reasonable, and Y& keen properly documented.he process often turns up questionable changédsen
such a questionable change is found, the source code control systenxigiised to find out who made
the change and what thexptanation vas for the changelf the log does not resadvthe problem, the per
son responsible for the change iseakkor an gplanation of what thewere trying to accomplishlf the
reason is not compelling, the change is ledchkut. Fecilities deemed inappropriate in 83D included
new options to the directory-listing command and a changed realue Yor thefseek() library routine; the
changes were remaed from the source before final diswiiion. Althoughthis process is long and tedious,
it forces the deelopers to obtain a coherent picture of the entire set of changes to the syhisreercise
often turns up inconsistencies thaiwd otherwise neer be found.

The outcome of the comparison results in a pair of documents detailing changery toserlevel
commandfckusick1986agnd 1o gery kernel source fil&2€!5196aThese documents are detied with the final
distribution. A user can look up gncommand by name and see immediately what has changed, and a
developer can similarly look up arkernel file by name and get a summary of the changes to that file.

Having completed the wéew of the entire system, the preparation of the beta distoib is started.
Unlike the alpha distribtion, where pieces of the system may be unfinished and the documentation incom-
plete, the beta distniftion is put together as if it were going to be the final distidin. All knowvn prob-
lems are fird, and apremaining deelopment is completedOnce the beta tape has been prepared, no fur
ther changes are permitted/tdbsd without careful reiew, as urious changes made after the system has
beendiffed are unlikly to be caught.

3.3. Final Distribution Development

The beta distribtion goes to more sites than the alpha digtidin for three main reason§irst, as it
is closer to the final release, more sites are willing to run it in a productnorenent without fear of



catastrophicdilures. Secondnore commercial sites dedring BSD-derived systems are interested in get-
ting a preiew of the upcoming changes in preparation for giveg them into theirwn systems.Finally,
because the beta tape hawde problems, it is beneficial tofef it to more sites in hopes of finding as
mary of the remaining problems as possibliso, by handing the system out to less sophisticated sites,
issues that wuld be ignored by the users of the alpha sites become apparent.

The anticipation is that the beta tape will not requiteresive cthanges to either the programs or the
documentation. Mostf the work involves sifting through the reportedids to find those that are redat
and deising the minimal reasonable set of changes to fix th&fter throughly testing the fix, it is listed
in the update log fofnbsd. One person aCSRGis responsible for doing the update/tisd and ensuring
that everything afected by the change is gl and tested.Thus, a change to a C library routine requires
that the entire system be tgib

During this period, the documentation is all printed and proofréadninor changes are made to the
manual pages and documentation, tfiecé#d pages must be reprinted.

The final step in the release process is to check the diginliree to ensure that it is in a consistent
state. Thisstep includes erification that eery file and directory on the distukion has the propemmer,
group, and modesAll source files must be cheett to be sure that théaveappropriate cogright notices
and source code control system headérsy extraneous files must be rewsol. Finally, the installed bina-
ries must be cheekl to ensure that theorrespond xactly to the sources and libraries that are on the dis-
tribution.

This checking is a formidable taskven that there arewer 20,000 files on a typical disttiftion.
Much of the checking can be done by a set of programs set to waathe distrilution tree. Unfortu-
nately the exception list is long, and requires hours of tedious hand checking; this has caR@tb
develop even more comprehengg \alidation programs for use in ourxteelease.

Once the final set of checks has been run, the master tape can be made, ditthttdistdibution
started. Ador the staffof CSRG we wsually tale a brief vacation before plunging back into andevdop-
ment phase.
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