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Programmer’sPractice

Wewerebehindscheduleandwantedtodeliver

anearlyreleasewithonlyapropersubsetof

intendedcapabilities,butfoundthatthatsub-

setwouldnotworkuntileverythingworked.[5]

Wewantedtoaddsimplecapability,buttodosowould

havemeantrewritingallormostofthecurrentcode.[5]

Wewantedtosimplifyandspeedupthesystem

byremovingtheunneededcapability,butto

takeadvantageofthissimplificationweshould

havehadtorewritemajorsectionsofthecode.[5]
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SoftwareasProductFamily

•understandingaprogramasasingleproduct...

is

{

good
bad

}

practicefromtheperspectiveof

{

marketing
development

}

•product-linedevelopmenthelpstoletdoevenmarketingabetterjob

–aimatlookingforalreadyexistingsolutions
–provideaninfrastructureofreusable(software)components
–don’tre-inventwheels,wastemanpower,andextentthetimetomarket

•single-productthinkinggoesbacktothe“StoneAge”ofprogramming
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Product-LineDevelopment

•whatwas(is)truefor“hardware”overalongperiodisalsotrueforsoftware

–i.e.,hardwaresuchase.g.car,watch,house,camera,handyandsoon
–i.e.,hardwareinthesenseofanindustrialgood

•software-productdevelopmentisanevolutionaryprocess

–asoftwareproductmayexistforyears,orevendecades,atthemarket
–typicalexamplesareoperatingsystems:Unix,e.g.,existssince1970

1

•softwaremanufacturing(e.g.operatingsystems)isanengineeringdiscipline

1
Butthisdoesn’tmeanthatUnixhasbeenaproduct-linedevelopmentfromtheverybeginning.Referto[6].

Operating-SystemEngineering—ProgramFamilies3



ProductLine=⇒ProgramFamily

•aproductlineismadeofanumberofindividualproducts:

–theVolvo40,60,70,and80,withitsVandSmodelsandvariations ...
–theLeica-MsystemwithitsM3,M2,M1,M4,M5,M6,andM7cameras

•allproductsofthesamelinesharethesame(sub-)setofproperties:

–SIPSandWHIPSisavailablefortheV/S40,60,70,and80models,resp. ...
–M-lensesareupwardcompatiblefromtheM3totheM7(i.e.1954–today)

•aprogramfamilyisasoftware-productlinewithprogramsbeingtheproducts
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ProgramFamily=⇒FunctionReuse

Weconsiderasetofprogramstobeaprogram
familyiftheyhavesomuchincommonthat
itpaystostudytheircommonaspectsbefore
lookingattheaspectsthatdifferentiatethem.[5]

Wewanttoexploitthecommonalities,share
code,andreducemaintenancecosts.[5]
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FunctionReuse=⇒SeparationofConcerns[2]

•forafunctiontobereusable,itneedstobe“componentized”

–concentrateonthefunction’sessentials
–hidethefunction’simplementationdetailsasfaraspossible
–designacompleteand,yet,easytoemployfunctioninterface
–provideafullspecificationandextensivedocumentationofthedesign

•differentiatefunctionalrequirementsfromnon-functionalrequirements

–freeafunction’simplementationfromanynon-functionalproperty
–particularly,don’thard-codeassumptionsaboutthefunction’susepattern

•remindtheexperiencesmadeovertimeandreflectthelessonslearned
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Whatyoudemandiswhatyouget—WYDIWYG

Someusersmayrequireonlyasubsetoftheservicesoffeaturesthatother
usersneed.These“lessdemanding”usersmaydemandthattheyare
notbeforcedtopayfortheresourcesconsumedbytheunneeded
features.[5]
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Family-OrientedDesign

minimalsubsetofsystemfunctions

•capturescommonfunctionsthatareusefultobuildspecializedsystems
•providesmechanismsintheformoffundamentalbuildingblocks
•ismadeofadistinct(i.e.,small)numberofreusableassets

minimalsystemextensions

•reuseandspecializeorcustomizethefundamentalsystemfunctions
•encapsulatethestrategicandapplication-specificdesigndecisions
•arestepwisedevelopedbottom-up,directedinatop-downmanner
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IncrementalSystemDesign

•programfamiliestendtoexhibitadistinguished,deephierarchicalstructure

–thedesignprocessissomewhatchallengingandproceedsin“tiny”steps

⇒“decisionswhichrestrictthefamilyarepostponedasfaraspossible.”[3]

–theresultisamulti-levelhierarchyofalargenumberofthinabstractions

•proceedingiterativeandbottom-up,fromgeneralizationtospecialization
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ExampleofaFamilyofOperatingSystems—FAMOS[3]

address space creation

address spaces

process management

synchronization

process creation

disk i/o

file system

hardware

special devices

swapping

user interfacejob control language

a process control system

a time sharing systema batch system

•thesampleshowsthreefamilymembers:

–aprocess-controlsystem
–atime-sharingsystem
–abatchsystem

•...exploitingasetofcommonalities:

–synchronization
–processmanagement
–addressspace

•...sharingthesamedesigndecisions
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SoftwareFramework

Ratherthanwriteprogramsthatperformthetransformationfrominputto
outputdata,wedesignsoftwaremachineextensionsthatwillbeuseful
inwritingmanysuchprograms.[5]
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Summary

•amajorconcerniswhatideastoexcludefromthedesign
[Liskov,1981]

•keepthingsassimpleaspossible
[Lampson,1983]

•thechallengeliesindoingit‘right’,and‘right’oftenmeansstayingsimple
[Svobodova,1985]

•simplesystemsworksurprisinglywell
[Birrell,1986]

•simplethingsnearlyalwayswork,andsimplethinksareextensible
[Needham,1986]
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