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The Design Phase� \Programming in the large"� GOAL: transform requirements (requirements spei�ation, produtmodel) into a software arhiteture� deomposition into omponents� SW arhiteture ^= omponents and onnetors� omponent{ designated omputational unit with spei�ed interfae{ Examples: lient, server, �lter, layer, database� onnetor{ interation point between omponents{ Examples: proedure all, event broadast, pipeVorl�au�ge Version 257 16. Juli 2009, Peter Thiemann



5.1 Arhitetural Styles | OverviewDataow systemsBath sequential, Pipes and �ltersCall-and-return systemsMain program and subroutine, OO systems, Hierarhial layersIndependent omponentsCommuniating proesses, Event systemsVirtual mahinesInterpreters, Rule-based systemsData-entered systems (repositories)Databases, Hypertext systems, Blakboards(aording to Shaw and Garlan, Software Arhiteture, Prentie Hall)
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Classi�ation of an Arhitetural Style� design voabulary|types of omponents and onnetors� allowable strutural patterns� underlying omputational model (semanti model)� essential invariants� ommon examples of use� advantages/disadvantages� ommon speializations
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5.1.1 Bath Sequential� separate passes� eah runs to ompletion before the next starts� Example: traditional ompiler arhiteture
Lex Syn Sem Opt Code

Text Code
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5.1.2 Pipes and Filters� eah omponent (�lter) transforms input streams to output streamsinrementally� bu�ered hannels (pipes) onnet inputs to outputs� �lters are independent entities� ommon speializations: pipeline (linear sequene of �lters),bounded pipes, typed pipes
Filters

Pipes
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Properties of Pipes and Filters+ global understanding supported+ reuse supported+ easy to maintain and enhane+ speialized analysis supported+ potential for onurrent exeution{ interative appliations{ orrepondenes between streams{ ommon format for data transmission
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5.1.3 Objet-Oriented Organization� omponents: objets, onnetors: method invoation� eah objet is responsible for its integrity� eah objet's representation is hidden
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Properties of OO Organization+ implementation an be hanged without a�eting lients+ bundling of operations with data{ objets must know their interation partners (ontrast with �lters!)
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5.1.4 Event-based, Impliit Invoation� also alled reative integration or seletive broadast� eah omponent may{ announe events{ register an interest in ertain events, assoiated with a allbak� when event ours, the system invokes all registered allbaks) announer of event does not know whih omponents are registered� order of allbak invoation annot be assumed� appliations: integration of tools, maintaining onsistenyonstraints, inremental heking
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Properties of Impliit Invoation+ strongly supports reuse+ eases system evolution{ lak of ontrol{ data passed through shared repository{ orretness?
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5.1.5 Layered Systems� hierarhy of system omponents, grouped in layers� inside of layer: arbitrary aess between omponents� between layers{ aess restrited to lower layers: linear, strit, treeshaped{ small interfaes� advantages: larity, reusability, maintainability, testability� disadvantages: not always appropriate, loss of eÆieny, norestritions inside layers� examples: ommuniation protools (OSI), database systems,operating systems
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Example: Three-Tier Arhiteture

UserInterface TransactionManagement AccountManagement

� Three kinds of subsystems{ user interfae{ ontrol{ database� Enables onsistent look-and-feel� Useful with single data repository� Web arhiteture: Browser, Webserver, Appliationserver
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5.1.6 Repositories� entral data struture (urrent state)� independent omponents ating on it� Example: arhiteture of modern ompiler
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5.1.7 Interpreters� virtual mahine in software� pseudoprogram + interpretation engine� Example: a programming language
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5.1.8 Proess Control� systems that ontrol physial proesses� based on proess ontrol loops� terminologyProess variable. Measurable property of a proessControlled variable. PV to be ontrolled by the systemInput variable. PV measuring input to proessManipulated variable. PV that an be hanged by ontrollerSet point. Desired value for ontrolled variable� basi design hoies:{ open-loop vs losed-loop{ feedbak ontrol vs feedforward ontrolVorl�au�ge Version 272 16. Juli 2009, Peter Thiemann



Open-Loop Temperature Control
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Closed-Loop Temperature Control
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5.1.9 Further Arhitetural Styles� Distributed proesses{ topologial features{ interproess protools{ lient-server organization� Main program/subroutine: mirroring the programming language� Domain spei� SW arhitetures{ tailored to family of appliations{ Examples: avionis, vehile management, . . .� State transition systems� Combinations of arhitetural styles{ hierarhially{ mixture of onnetorsVorl�au�ge Version 277 16. Juli 2009, Peter Thiemann



5.2 Developing a Software Arhiteture� The hoie of a software arhiteture is a far reahing deision thatan inuene the e�ort required to hange the system later on.� Criteria for deomposition� Two ase studies from Shaw and Garlan� Formalization of an arhiteture
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5.2.1 Criteria used for deomposition) major proessing step) Information hiding: enapsulate a design deisione.g., input format, data layout, hoie of algorithm, omputed datavs. stored data, . . .� Cohesion: qualitative measure of dependeny of items within a singleomponent) Maximize ohesion: all elements of a omponent should ontributeto the performane of a single funtion� Coupling: qualitative measure of interdependene of a olletion ofomponents) Minimize oupling: omponent only reeives data essential forperforming its funtionVorl�au�ge Version 279 16. Juli 2009, Peter Thiemann



Kinds of Cohesion� Coinidental Cohesion : (Worst) Component performs multiple unrelatedations� Logial Cohesion : Elements perform similar ativities as seleted fromoutside omponent� Temporal Cohesion : Elements are related in time (e.g.initialization() or FatalErrorShutdown())� Proedural Cohesion : Elements involved in di�erent but sequentialativities� Communiational Cohesion : Elements involved in di�erent ativitiesbased on same input info� Sequential Cohesion : output from one funtion is input to next (pipeline)� Informational Cohesion : independent ations on same data struture� Funtional Cohesion : all elements ontribute to a single, well-de�ned taskVorl�au�ge Version 280 16. Juli 2009, Peter Thiemann



Kinds of Coupling� Content Coupling : (worst) omponent diretly referenes data inanother� Control Coupling : 2 omponents ommuniating with a ontrol ag� Common Coupling : 2 omponents ommuniating via global data� Stamp Coupling : Communiating via a data struture passed as aparameter. The data struture holds more information than thereipient needs.� Data Coupling : (best) Communiating via parameter passing. Theparameters passed are only those that the reipient needs.� No oupling : independent omponents.
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5.2.2 Key Word in Context [KWIC℄The KWIC index system aepts an ordered set of lines, eah line is an orderedset of words, and eah word is an ordered set of haraters. Any line may be\irularly shifted" by repeatedly removing the �rst word and appending it atthe end of the line. The KWIC index system outputs a listing of all irularshifts of all lines in alphabetial order. David L. Parnas.On the riteria to be used in deomposing systems into modules.Communiations of the ACM, 15(12):1053-1058, Deember 1972� Classial problem with pratial appliations� Here: four di�erent designs� Assessment
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Guidelines for AssessmentIs the arhiteure amenable to . . .� Changes in proessing algorithmExample: line shifting� Changes in data representation� Enhanement to system funtionExample: noise words, interative� Reuse� Good performane
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Solution 1: Main program/subroutine with shared data� Four basi funtions: input, shift, alphabetize, and output� subroutines oordinated by main program� shared storage with unonstrained aess(why does this work?)
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Solution 1: Assessment+ eÆient data representation+ distint omputational aspets are isolated in di�erent modulesbut serious drawbaks in terms of its ability to handle hanges{ hange in data storage format will a�et almost all of the modules{ similarly: hanges in algorithm and enhanements to system funtion{ reuse is not well-supported beause eah module of the system istied tightly to this partiular appliation
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Solution 2: Abstrat data types� deomposition into �ve modules� data no longer shared� aess through proedural interfaes
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Solution 2: AssessmentSame proessing modules as the �rst solution, but better amenable tohange.+ algorithms and data representations an be hanged in individualmodules without a�eting others+ reuse is better supported beause modules make fewer assumptionsabout the others with whih they interat{ not well suited to enhanements: to add new funtionality{ modify the existing modules|ompromising their simpliity andintegrity|or{ add new modules that lead to performane penalties.
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Solution 3: Impliit Invoation� omponent integration based on shared data� but abstrat aess to data� operations invoked impliitly as data is modi�ed
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Solution 3: Assessment+ funtional enhanements easy: register additional modules+ omputations insulated from hanges in data representation+ supports reuse sine modules only rely on externally triggered events{ proessing order diÆult to ontrol{ requires more spae than previous deompositions
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Solution 4: Pipes and Filters� four �lters: input, shift, alphabetize, output� distributed ontrol� data sharing limited to pipes
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Solution 4: Assessment+ intuitive ow of proessing+ supports reuse: eah �lter usable in isolation+ supports enhanements: new �lters are easily inorporated+ amenable to modi�ation: eah �lter is independent of the others{ impossible to support an interative system{ ineÆient use of spae{ overhead for parsing and unparsing data
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Summary

Abstrat ImpliitShared Data Data Type Invoation Pipe and FilterChange in Algorithm { { + +Change in Data Rep { + { {Change in Funtion + { + +Performane + o { {Reuse { + + +
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5.2.3 Instrumentation Software� task: develop reusable system arhiteture for osillosopes� an osillosope . . .{ samples eletrial signals (at a rate of up to 2.5 GHz) anddisplays pitures of them on a sreen{ performs measurements on the signals and displays them
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Ingredients of an Osillosope� a very fast AD onverter� quite omplex software{ many di�erent measurements{ internal storage{ network interfaes� sophistiated user interfae (touh sreen, et)
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Design Requirements� Reuse{ rapid hanges in user interfae and hardware{ speialized markets� Performane{ swithing between di�erent on�gurations) domain spei� software arhitetureThe design proess onsidered several models.
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An Objet-Oriented Model� OO model lari�ed data types: waveforms, signals, measurements,trigger modes, . . .� did not explain how the types �t together� result: onfusion about partitioning of funtionality

object
Oscilloscope

Waveform

Accumulate wvfmX−Y wvfmMax−min wvfm

...
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A Layered Model� Layers for: signal manipulation (hardware), waveform aquisition(digitization), waveform manipulation (measurement, addition, FT),display funtions, user interation
Hardware

Digitization

Visualization

User interface

Manipulation� intuitively appealing, but wrong for this domain!� abstration boundaries onit with needs for interation, e.g., userinteration at all levelsVorl�au�ge Version 297 16. Juli 2009, Peter Thiemann



A Pipe-and-Filter Model� osillosope funtions as inremental transformers of data:signal transformers, aquisition transformers, display transformers

Couple Acquire To−XY Clip

Trigger subsystem Measure

Signal

Times Waveform
Trace

Measurement

� signi�ant improvement� problem: user interation
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A Modi�ed Pipe-and-Filter Model� eah �lter has an external ontrol interfae

Couple Acquire To−XY Clip

Trigger subsystem Measure

Signal

Times Waveform
Trace

Measurement

Coupling Kind, Rate Trans Size

� solves user interfae problem{ what aspets an be modi�ed dynamially by the user{ deouples signal proessing from user interfae
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Further Re�nement� Pipe-and-�lter led to poor performane{ opying of waveforms impratial{ synhronization of fast �lters with slow �lters unaeptable� Solution: olored pipes{ without opying{ ignore inoming data (protet slow �lters)� inreased stylisti voabulary allowed better design
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5.2.4 Formally Spei�ed Arhiteture� Up to now: informal desritions of arhiteture� programming languages not appropriate for desribing onnetors) formal spei�ation language (Z) an help
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Overview and Datatypes
Couple Acquire To−XY Clip

<Delay, Duration><Coupling>

S S W T T

PosnH, PosnV>
<ScaleH, ScaleV,

� Signals (S): inputs to the osillosope� Waveforms (W): internally stored data� Traes (T): pitures shown on sreen� funtions of time, voltage, sreen oordinatesSignal == AbsTime ! VoltsWaveform == AbsTime 7! VoltsTrae == Horiz 7! Vert
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Component Couple� purpose: subtrat DC o�set from signal� user on�guration: hoie of kind of input signalCoupling ::= DC jAC j GND� omponent modeled as a funtion that maps a user on�gurationinto a signal transformerCouple : Coupling ! Signal ! Signal8 s : Signal �Couple DC s = sCouple AC s = � t : AbsTime � s(t)� d(s)Couple GND s = � t : AbsTime � 0
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Component Aquire� purpose: extrat a time slie from a signal� user on�guration: delay and duration� further input: trigger eventTriggerEvent == AbsTime� waveform is only de�ned for a time interval of length durationstarting delay units after a trigger eventAquire : RelTime � RelTime ! TriggerEvent ! Signal !Waveform8 delay ; dur : RelTime; trig : TriggerEvent ; s : Signal �Aquire (delay ; dur) trig s =ft : AbsTime j trig + delay � t � trig + delay + durgC s
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Pakaging the user on�gurationChannelParameters : Couplingdelay ; dur : RelTimesaleH : RelTimesaleV : VoltsposnH : HorizposnV : Vert

assuming the remaining omponents asWaveformToTrae : RelTime �Volts �Horiz � Vert!Waveform ! TraeClip : Trae ! Trae
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System DesriptionChannelCon�guration : ChannelParameters ! TriggerEvent! Signal ! Trae8 p : ChannelParameters �ChannelCon�guration p = � trig : TriggerEvent �Clip ÆWaveformToTrae(p:saleH ; p:saleV ; p:posnH ; p:posnV ) ÆAquire(p:delay ; p:dur) ÆCouple p:What have we gained?� preise haraterization of system� omponent = parameterized data transformer� data sharing only via onnetions� external parameters must be availableVorl�au�ge Version 306 16. Juli 2009, Peter Thiemann


