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Introduction

Operating-SystemEngineering



TrivialPursuitinComputerScience

Q:“Whatisanelephant?”

A:“Amousewithanoperatingsystem.”
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TheOperating-SystemDesignDilemma

Clearly,theoperatingsystemdesignmustbestronglyinflu-
encedbythetypeofuseforwhichthemachineisintended.
Unfortunatelyitisoftenthecasewith‘generalpurpose
machines’thatthetypeofusecannoteasilybeidentified;
acommoncriticismofmanysystemsisthat,inatt-
emptingtobeallthingstoallindividuals,theyendup
beingtotallysatisfactorytono-one.[2]
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GeneralPurposeSystem

•beingpreparedonalleventualities—
”
EierlegendeWollmilchsau“

e.g.,enforcing







scheduling

protection

security







inasingle-







process
program
user







environment

•optimizedtowardsthemostprobableandcommon“standard”usecase

–atthecostofallthecasesthatdeviatefromtheartificiallydefinednorm

•no(system)functionisfreeofcharge—notevena“sleepingbeauty”
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GeneralPurposeSystem⇐⇒GeneralPurposeFunction

...Systemprovidesgeneralservicesforabroadrangeofapplications

•showsupwitharichsetofsystemfunctions
–tryingtocoverallofthedemandsstatedbythevarioususerprograms

•aimsatprovidinguserswiththebestpossiblecompromise
–therecan’tbeonlyoneoptimalsolutiontoanumberofvariousproblems

•followssomesortofblack-boxmodelbyits(mostly)fixedsysteminterface

...Functionsameasabove,butservicesbecomeattributesofasinglefunction
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GeneralPurposeFunction—printf(3)

wosch@hawaii37>uname-snrm

Linuxhawaii.cs.uni-magdeburg.de2.2.14i686

wosch@hawaii38>echo’main(){printf("Helloworld!\n");}’>hello.c

wosch@hawaii39>gcc-O6-chello.c;gcc-static-ohellohello.o

wosch@hawaii40>hello

Helloworld!

wosch@hawaii41>ls-lhello*

-rwxr-xr-x1woschivs932099Dec111:08hello*

-rw-r--r--1woschivs33Dec111:06hello.c

-rw-r--r--1woschivs908Dec111:07hello.o

wosch@hawaii42>sizehellohello.o

textdatabssdechexfilename

1955625064334020396631cbehello

2900291dhello.o
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GeneralPurposeFunction(contd.)NoIsolatedPhenomenon
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GeneralPurposeFunction(contd.)MemoryFootprints

Size(inBytes)
ProgramLinuxSolarisWindows

i686armppcalphasparci586

hello20396622199824545245389818337330935
hello.o2942606238≈29

%0.0140.0180.0240.0130.02≈0.094
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”GeneralPurpose”ConsideredHarmful?

•itdepends—theinterfacealoneisnotalwaysthecauseofallevil

–muchmorecrucialtendstobethefunction’sinternalsoftwarestructure
∗degreeofmodularization,modulinterdependencies,usesrelation,...

–black-boxingaimsathidingexactlytheseinternalsfromtheuser
∗muchinthesamewayasanabstractdatatype(ADT)[1]

–thedesiredfeaturesmaybepresentinternally,buttheyremainhidden

•onemightexpectputs(3)tobethe“streamlined”printf(3)alternative

Operating-SystemEngineering—Introduction8



SpecialPurposeFunction—puts(3)

wosch@hawaii37>uname-snrm

Linuxhawaii.cs.uni-magdeburg.de2.2.14i686

wosch@hawaii38>echo’main(){puts("Helloworld!");}’>hello.c

wosch@hawaii39>gcc-O6-chello.c;gcc-static-ohellohello.o

wosch@hawaii40>hello

Helloworld!

wosch@hawaii41>ls-lhello*

-rwxr-xr-x1woschivs932715Mar716:16hello*

-rw-r--r--1woschivs30Mar716:16hello.c

-rw-r--r--1woschivs908Mar716:16hello.o

wosch@hawaii42>sizehellohello.o

textdatabssdechexfilename

1957595076336020419531da3hello

2800281chello.o
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The“Hack”asaReference—write(2)

wosch@hawaii37>uname-snrm

Linuxhawaii2.2.14i686

wosch@hawaii38>echo’main(){write(1,"Helloworld!\n",13);}void_start(){main(

);_exit(0);}’>hello.c

wosch@hawaii39>gcc-O6-chello.c;gcc-nostartfiles-static-ohellohello.o

wosch@hawaii40>hello

Helloworld!

wosch@hawaii41>ls-lhello*

-rwxr-xr-x1woschivs3927Oct1812:33hello*

-rw-r--r--1woschivs70Oct1812:33hello.c

-rw-r--r--1woschivs1016Oct1812:33hello.o

wosch@hawaii42>sizehellohello.o

textdatabssdechexfilename

20204206cehello

7400744ahello.o

Canbeshrunkto174bytes—attheexpen-

seofSegmentationfault(coredumped)!
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WheretheShoePinches

•expositionofthesystemarchitecture....................................12

•structureoftheobjectmodules.........................................13

•functionofthebinder..................................................16

•capabilitiesofthecompiler.............................................18

•featuresoftheprogramminglanguage...................................19
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WheretheShoePinches(contd.)SystemArchitecture

•printf(3)supportsformattedI/Oinmanyrespects:

1.assortmentofplaindatatypesandsizes+

–int,unsigned,float,char,char*;short,long,double
2.variouskindsofnumberingschemes+

–dual,octal,decimal,hexa-decimal
3.differentformats+

–left/rightaligned,user-definedfieldwidths

•noteveryapplicationexploitsallthesefeatures

–“HelloWorld!”:aleft-alignedcharacterstring(char*)

•butnonetheless,everyapplicationischargedwithallthesefeatures−
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WheretheShoePinches(contd.)ObjectModules

•asinglereferencetoprintf(3)entailsanumberoffollow-upreferences

–tofunctionscalledunconditionally
∗e.g.,outputoftheassembledcharacterbufferusingwrite(2)+

–tofunctionscalledconditionally
∗e.g.,outputofcharacter’-’whendisplayinganegativeint+

∗e.g.,outputofanunsignedafterhavingparsedformat’%u’+
...
∗e.g.,theoptionforanintalthough’%i’getsneverparsed−

–similarholdsforvariables,constants,andotheraddressableunits

•“monolithicsourcemodules”ofthatkindresultinoverloadedobjectmodules
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WheretheShoePinches(contd.)

foo.cc—exampleofasource-module
structuresimilartoprintf(3)

#defineLINE_SIZE64

charline[LINE_SIZE];

intslot;

voidresetline(){

for(inti=0;i<LINE_SIZE;i++)

line[i]=’\0’;

slot=0;

}

voidflushline(){

write(1,line,slot);

}

voidwriteline(charc){

line[slot++]=c;

}

voidputcharacter(charc){

if(slot==LINE_SIZE){

flushline();

resetline();

}

writeline(c);

}

voidputstring(char*line){

charc;

while((c=*line++))putcharacter(c);

}

voidputunsigned(unsignedvalue){

if(value/10)putunsigned(value/10);

putcharacter(’0’+(value%10));

}

voidputnumber(intvalue){

if(value<0){

putcharacter(’-’);

value=-value;

}

putunsigned(value);

}
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WheretheShoePinches(contd.)foo.{cc,o}

wosch@hawaii40>g++-O6-fno-rtti-fno-exceptions-fno-inline-cfoo.cc

wosch@hawaii41>nm-vfoo.o

Uwrite

00000000tgcc2_compiled.

00000000Bline

00000000Tresetline__Fv

00000024Tflushline__Fv

0000003cTwriteline__Fc

00000040Bslot

00000058Tputchararacter__Fc

00000080Tputstring__FPc

000000a8Tputunsigned__FUi

000000ecTputnumber__Fi

wosch@hawaii42>sizefoo.o

textdatabssdechexfilename

270068338152foo.o

ResolutionofsymbolputstringFPccausesnotonly
the(static)bindingoffunctionputstring(),andof

allotherobjects/functions(orobjectmodules)directly
orindirectlyreferencedbythatsource,butalsoofall

unreferencedobjects/functions(e.g.putnumber()and
putunsigned())containedinthesameobjectmodule—
andthisholdsrecursively.
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WheretheShoePinches(contd.)Binder

•theusualcaseistoconsideranentireobjectmoduleasbindingunit

–nottheactuallyreferencedfunctions/objectsofthatparticularmodule
–theconsequenceisalargermemoryfootprint→p.15

•staticbindingcanbenefitfromtheoutputgeneratedbyacompiler

–manycompilersleavea.sizeassemblerpseudo-instruction→p.17
–manyassemblersand/orlinkersdon’tmakecapitaloutofthis

•dynamicbindingseemstobethesolutiontotheseproblems,ifany

–butatwhichothercosts?—eventhis(nice)featureisnotforfree!
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WheretheShoePinches(contd.)

•theoutputofgcc...-Sfoo.cc?

–.sizeleavestheactualobjectsize
–...tobekeptinthesymboltable
–...tobeusedbythelinker
–...toextractputstring()

•noteverycompilerdoeslikethis

–noteveryassemblernotices.size
–noteverylinkerbindsselectively

•toolsthatdonotworkalwaysproperly

.align4

.globlputstring__FPc

.typeputstring__FPc,@function

putstring__FPc:

pushl%ebp

movl%esp,%ebp

pushl%ebx

movl8(%ebp),%ebx

jmp.L21

.p2align4,,7

.L18:

movsbl%al,%eax

pushl%eax

callputchararacter__Fc

addl$4,%esp

.L21:

movb(%ebx),%al

incl%ebx

testb%al,%al

jne.L18

movl-4(%ebp),%ebx

leave

ret

.Lfe5:

.sizeputstring__FPc,.Lfe5-putstring__FPc
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WheretheShoePinches(contd.)Compiler

•acompile-timeoptionsuchas“-fdismember”wouldbenicetohave

–tocutasingle(monolithic)sourcemoduleinpiecesofcompilationunits
∗eachofwhichbeingthesource-coderepresentationofabindingunit

–tocreateobjectmoduleswhich,likewise,exportasinglereferenceonly
∗thustooutwitthebinderandlinkonlythetrulyreferencedparts

–toarchivethe(possiblymany)“slim”objectmodulesinalibrary

•anextensivelocaldataandcontrolflowanalysisaloneisnotenough

–functionsunreachableinsideasourcemodulemaybereachablefromoutside

•aglobalanalysisisnotalwaysfeasible—andwouldn’tsolveourproblem
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WheretheShoePinches(contd.)ProgrammingLanguage

•aproblemliesintheoverloadedandmonolithicinterfaceofprintf(3)

–anactualparameterdecidesuponwhichofthemanyoperationstoperform
–aformat-stringinterpreterfetchesinstructionsandreadstheiroperands
–referencestofunctionsimplementingtheinstructionsarehardencoded

•moreover,printf(3)isnotaprogramming-languagebutalibraryconcept

–thus,staticformat-stringanalysisbecomesnotthecompiler’stask
–consequently,unusedfunctionscannotbeeliminatedatcompile-time

•anintegratedprogrammingsystemlooksnice—butisnoteverybodiesdarling
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WheretheShoePinches(contd.)<iostream.h>

#include<iostream.h>

voidmain(){

cout<<"Helloworld!"<<endl;

}

•ostreamprovidesspecializedoperations

–byoverloadingoperator“<<”

•usersseeafunctionsettochoosefrom

•“ostream&operator<<(constchar*s)”and“endl”isalloneneeds

–otheroperatorsarenotused,notreferencedand,hence,neednotbelinked
–thequestioniswhetherornotostreammakesupasinglecompilationunit

•atafirstglanceobject-orientationorC++isreallytherightwaytogo
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WheretheShoePinches(contd.)classostream

wosch@hawaii37>uname-snrm

Linuxhawaii.cs.uni-magdeburg.de2.2.14i686

wosch@hawaii38>vihello.cc

wosch@hawaii39>g++-O6-chello.cc;g++-static-ohellohello.o

wosch@hawaii40>hello

Helloworld!

wosch@hawaii41>ls-lhello*

-rwxr-xr-x1woschivs1403951Mar916:13hello*

-rw-r--r--1woschivs73Mar916:09hello.cc

-rw-r--r--1woschivs1248Mar916:13hello.o

wosch@hawaii42>sizehellohello.o

textdatabssdechexfilename

3009211956438123242974f2c9hello

445209660hello.o
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AnOmnipresentProblem

•theprintf(3)andiostream.hexamplesarenoexceptions

–existingsoftware-developmenttoolsleavemuchtobedesired
–nonethelessis“user-friendly”softwareexceedinglyrequired

•ahighlymodularandapplication-orientedsoftwarestructureisneeded

–beginningatthe“drawing-board”wherethesoftwaredesigntakesplace
–endingonthespotwherethesoftwareimplementationisbeencarriedout

•certainsoftware-engineeringprinciplesmustbeapplied(more)consequently
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That’stheStateoftheArt

•operatingsystemsprovidenicefeaturesforoptimizedstoragemanagement

virtualmemoryenablestheexecutionofuncompleteprograms,i.e.theprogramsmustnot

necessarilybeentirelypresentinmainmemorytobeexecuted.Aprogram’smemory

footprintvarieswiththesizeoftheprocess’sworkingset(ofpages).

sharedlibrariesworksimilar.Inaddition,theiruseleadstoasignificantreductionofthe

disk-memoryspaceoccupiedbytheexecutableprograms.

•buttheseareonlygoodforhigher-level(system)softwareabstractions

–what’saboutthevirtual-memoryorshared-librarysystemitself?
–what’saboutdevicedriver,processmanagement,schedulingetc.?

•lower-level(system)softwarecannotalwaysmakeaprofitfromit!
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AnOperating-SystemProblem?

•no...

–it’sageneralproblemconcerningallkindsofsoftware:-(

•...butoperatingsystemsarehighlysensitivetosoftwaredeficiencies

–theygenerallyareoffunctionallyhighcomplexity
–theycomeupwithadurabilitythatliesintheorderofdecades
–theyareoftenexpectedtoshowabroadapplicability

•operatingsystemsarekeytechnology—inthepast,present,andfuture
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PreventiveMeasures

•thedesignanddevelopmentofanoperatingsystemasaprogramfamily

–establishmentofamany-layeredfunctionalhierarchy
–creationofamanufactureof“standardized”(reusable)units
–constructionofarichsetofsmallandsimplemodules

•acarefuluseofobjectorientationintheimplementationprocess

–compositionofabstractdatatypesbymeansofclasses
–useofinheritancetopromotethefunctionalenrichmentofthesystem
–thriftinessintheemploymentoflate-binding

•understandapplicationprogramsasfinaloperating-systemspecializations
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Application-OrientedOperatingSystems

Someusersmayrequireonlyasubsetofservicesorfeatures
thatotherusersneed.These‘lessdemanding’usersmay
demandthattheyarenotbeforcedtopayfortheresources
consumedbytheunneededfeatures.[3]
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