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What is Architecture?
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X 0KS aiNXzOd dzNB
the system, which comprise
software elements, the

externally visible properties of
those elements, and the
relationships between them.

Wikipedia

X OUKS aSi 2F RS:
which, if made incorrectly, may
cause your project to be

cancelled.

EoinWoods
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X Ada badtgetsS IyF
design and construction".

HayesRoth

X OZ2YLIINRA asSa

AA collection of software and system
components, connections, and constraints.

AA collection of system stakeholders' need
statements.

AA rationale which demonstrates that the
components, connections, and constraints
define a system that, if implemented, would
satisfy the collection of system stakeholders'
need statements.

Barry Boehm
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consistent throughout a
software system




Modularize

Procedures, Classes,
Components, Services

Encapsulate

Private Members
Frameworks
Facade Pattern

as "r Components

&

@ Layers/Rings/Levels
Packed Data Wrapper
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Contracts

CEHEES
Pre/Post Conditions
Protocol State Machines
Message Exchange Patterns
Published APIs

Decoupling

Message Queues
DeferredConsistency
Compensatingl X
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Handle
Crosscuts

Aspect Orientation
Interceptors
Application Servers
Exception Handling
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Purefunctional vs.Impure
SafetyCritical Parts
OSProcesse

' RealTimeKernel
e
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Decentralization
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Protocols

Transctions
Locking Synchronization
ResourceAccess
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““Make Explicit

Dependencie

SOA, Messagir

Monads

PLE Variabilitie
PersistenceloadingData|
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What is Architecting?

12



07.05.2010

verity
communicate
Implement
check

13



07.05.2010

Modeling
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Technology-
Independent

Architecture
provides QoS
for

makes nice

Programming Technology
Model Mapping

verifies verifies

formalizes

Vertical
Prototype Mock Platform

DSL-based automates
Programming

Architecture

Metamodel Glue Code

Generation

Model-Based
Architecture
Validation
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DomainSpecificLanguages

focussed processable
language
concern
domain abstractions
notations
stakeholders

16



07.05.2010

Examplel.:
Distributed System
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Alirport
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Monitors

Website
Aircraft-Module

Data Center
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DelayCalculator {

InfoScreen  {}

AircraftModule

DelayCalculator
IDelayCalculator
lInfoScreen

InfoScreen  {
[InfoScreen

AircraftModule
|AircraftModule
IDelayCalculator

IDelayCalculator {}
lInfoScreen {
|AircraftModule {
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InfoScreen  {
lInfoScreen

screenl: InfoScreen
screen2: InfoScreen

DelayCalculator {
default: IDelayCalculator
screens|0..n]: lInfoScreen

InfoScreen {
default: lInfoScreen

AircraftModule {
default: |AircraftModule
calculator[1]: IDelayCalculator

07.05.2010
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DelayCalculator {
aircraft: |AircraftStatus
managementConsole :
IManagementConsole
screens|0..n]: lInfoScreen

Manager {
backend[1]: IManagementConsole

InfoScreen  {
default: lInfoScreen

AircraftModule {
calculator[1]: |AircraftStatus

DelayCalculator {
screens|0..n]: lInfoScreen

InfoScreen  {
default: lInfoScreen

dc: DelayCalculator
screenl: InfoScreen
screen?2: InfoScreen

dc.screens
(screenl.default, screen2.default)
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com.mycompany.production
dc: DelayCalculator

/I InfoScreen instances are created and
/I started in other configurations
dc.screens 60
type = lInfoScreen
status = active

|AircraftStatus {

reportPosition
(aircraft: ID, pos: Position )

reportProblem
(aircraft: ID, problem: Problem,
comment: String)
( repairProcedure :ID)

07.05.2010
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Flightinfo
from: Airport
to: Airport
scheduled: Time
expected: Time
e

flights {
flights: Flightinfo 1

DelayCalculator
flights

InfoScreen
flights

|AircraftStatus {
registerAircraft (aircraft: ID!)
unregisterAircraft (aircraft: ID!)
reportPosition (aircraft: ID!,
pos: Position! )

reportProblem {
(aircraft: ID!, problem: Problem!,
comment: String!)
( repairProcedure : 1ID)

= new {
new {
registerAircraft => registered

registered {
unregisterAircraft
reportPosition
reportProblem
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Example2:
OSGibasedSystem

subsystem the.world.scenarios {

public:

immutable type ProblewReport {
problem: string
severity: int
ewergency: bool

interface Radio {

report{ a: ProblemReport ): void

interface Press {

broadeast | a: string ): string

private:
component Houston ¢

provides uplink: Radio
requires press: Press

component PrintingPress {

provides source: Press

subsystem the.noon.scenarios {
uses the.world.scenarios
private:
component Armstrong {

task sayHello scheduled oncelponStartup
requires home: Radio [0..1]
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subsystem the.world.scenarios {
public:
immutable type ProblewReport {
problew: string

severity: int
emergency: hool

interface Radio {
report{ a: ProblemReport ): void

interface Press {
broadeast | a: string ): string
private:
component Houston ¢

provides uplink: Radio
requires press: Press

component PrintingPress {
provides source: Press

subsystem the.moon.scenarios {

uses the.world.scenarios

private:

component Armstrong {

task sayHello scheduled onceliponStartup

requires home: Radio [0..1]

subsystem the.world.scenarios {
public:
immutable type ProblewReport {
problew: string

severity: int
emergency: hool

interface Radio {
report{ a: ProblemReport ): void

interface Press {
broadeast | a: string ): string
private:
component Houston ¢

provides uplink: Radio
requires press: Press

component PrintingPress {
provides source: Press

subsystem the.noon.scenarios {
uses the.world.scenarios
private:
component Armstrong {

task sayHello scheduled onceliponStartup
requires home: Radio [0..1]

import "classpath:/twoworlds.compdsl™

scenario Simple : the.moon.scenarios, the.world.scenarios
actor IRP ==> { Armstrony |

var $m = ProblemReport ¢
severity =
emergency = true
problem = "thers's chesse”

home. report (msg#fm) —> { Houston |
var §res = press.brosdeast( < f#msg.problem > | —> {
return "thanks"
¥ B647x551
log.info "they replisd "
log.info §res

assert equals returnValueIsThanks : §res == "thanks"

var jresz = press.broadcast( < #wsg.problem > ) -> {
return "again”

H

log.infe "and then they replied "

log.info $resz

assert equals returnValuslsigain : $resz "again”

import "classpath:/twowvorlds. compdsl™T

scenario Simple : the.moon.scenarios, the.world.scenarios
actor IRP ==> { Armstrong |

var $m = ProblemReport {
severity = 12

emergency = true
problem = "there's chesse”

hore . report (nsg#fm) —> { Houston |

var §res = press.brosdeast( < #msg.problem > | —> {
return "thanks"

’ B647x551

log.info "they replisd "

log.info $res

assert eguals returnValuelsThanks : $res == "thanks"

var {resz press.brosdeast ( < #wsg.problew > | —>
return "again”

3

log.info "and then they replied "

log.info $resz

assert equals returnValuelsigain : §resz == "again”

import "classpath:/twoworlds.compdsl"
import "classpath:/twoworlds.scenario’

system SunSystem scenario Simple {
node moon {
subsystem the.wnon.scenarios
'
node earth {
subsystem the.world.scenarios

07.05.2010
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Examples3:
Embedded Protocol Handler
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processing Digitalln "BEI" moduletype Ox05 hal = DigitalInHAL {

datatypes {
SinglePointIndicationWithoutTime;
FinglePointIndicationWithTime;
DoublePointIndicationVithoutTime;
DoublePointIndicationWithTime;
BitStringTypelSBitWithoutTime:
BitStringTypelSBitWithTime;

parametertypes {
DataType default |
subattr db0 # intendedDataType == pdt SinglePointIndicationTithTime;
y:
DebounceFilterTime default |
attr filterTimelInls == 0x02:
subattr dbl # SP 0x00;
subattr dbl # IN == O0x00:
o
MaximumOscillatingFrequency;

function READDATL () : ProcessData:
function UWRITEDATA{input : ProcessData);

struct ProcessData |
int8 channel;
int8 fixDatal[4]:

struct Memory {
int8 state:
ProcessData

instance memory Memory ;

hal DigitalInHAL memory DID {
command HighSpeedCounterInit;
command HardwareInit;

struct DID {
int16 chl_16;

int32 hs_counter:;

halImpl DigitalInHALImpl for DigitallInHAL;
halImpl WinBiHALImpl for DigitallInHAL;
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procedure nriteRegisterHunberZ requestCode 0x29 {
request: struct requestl {
int8 acec pattern {
2:h00;
6:parentRequestCode;
¥
int8 registeriddress:
I
reply: struct dontCareReply {
int8 statusByte patternref statusByte:
int8 dontCare patternref defaultReturn;
)
request: struct requestz {
int8 registerType pattern {
4:p0000;
q:registerType:
¥
int8 registeriddress;:
int8 registerdata [2];

system DemolInput target atmel extendedModuleType Dx30 rack 1 {

dip: DigicalIn slot 1 with DigicalInHALImpl channels 16
using datatypes {
SinglePointIndicacionWichourTime;
SinglePointIndicationWithTime;
BitStringTypelSBicWithoutTime:
BitStringTypel&BitWithTime;
b

dispatcher {
processingcomponent DigitalIn {
on normalizeModule:
on readitandarditatus;
on setModuleInService;
on readbatalfInpuctChannelX:
on repestLastReply;
on resetModule:
on writeRegistcerNunberZ;

28
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procedure uriteRegisterNumber? requestCode Ox28 {
request: struct reguestl {
int8 ace pattern {
2:h00;
6:parentRequestCode;
Y
ints registeriddress;
Yo
reply: struct dontCareReply {
int8 statusByte patternref statusByte;
int® dontCare patternref defaultRecurn:
Yo
request: struct reguestz {
int8 registerType pattern {
4:H0000;
4:registerType; b
3: expect dontCareReply |
int$ registeriddress: subattr statusEyte # standarditatus
ints registerdata [2]: T:

test writeRegisterNunberZ for dip writeRegisterMNumberz ¢
send reguestl {
attr registeriddress rey parameterInstruction:

send requesti {
subattr registerType # registerType
attr registeriddress == rey pareameter Instruction;
attr registerdata == 0x77;
subattr registerdata # channelNumber == 5;

refines

register parameterInstruction address O0x37 struct {
int8 dbl pattern {
2:b00:
6:channe INumber ;

29
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Exampled:
Embedded Systems &obots
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doc T the ¢ fo.

module main imports OsekKernel, EcAPI, BitLevelUtilies {

constant int WHITE = 500;

constant int BLACK = 700;

constant int SLOW

constant int FAST

doc 5ta ac e to m ge the| task run cyclic prio
statemachine linefollower stateswitch linefollower
state running

int32 light = 0;

event initialized;

initial state initializing { light = ecrobot_get light sensor(SENSOR_PORT_T::NXT_BORT S1);
if ( light < ( WHITE + BLACK ) / 2 ) {

} updateMotorSettings(SLOW, FAST);

state running { ) else {

initialized [true] -> runn

updateMotorSettings (FAST, SLOW);
}

default

4 <noop>;

initialize {
ecrobot_set light sensor_act
event linefollower:initializ

nxt_motor_

nXt_motor_set_

exported interface MotorControl {
void stop( b
void setLeftlSpeed( intB speed );
void setRightSpeed( intB speed ) ;

exported component Motors {

provides motorControl : MotorControl;

exported component implementation MotorsNXT : Motors {

procedure void motorControl. stop {
nxt motor_ set speed(MOTOR _PORT_T::NXT_PORT_E,
nxt_motor_set speed(MOTOR_PORT_T::NXT_PORT C,

procedure void motorControl.setLeftiEpeed {

nxt motor set speed(MOTCR _PORT_T::NXT_ PORT_C, speed, 1);

procedure void motorControl. setRightSpesd {

nxt_motor_set speed(MOTOR_PORT_T::NXT PORT_E, speed, 1);
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module impl imports

int speed( int wval ) {

return 2 * val;

robot script stopAndso
hlock main on bump block retreat on bump
stop
accelerate to 0 - 30 within 2000
drive on foxr 2000
decelerate to 0 within 1000
stop

accelerate to speed(25) within 3000
drive on for 2000

turn left for 2000

block driveMore on bump
accelerate to 80 within 2000
turn right foxr 3000

decelerate toe 0 within 3000

stop

32



Exampleb:
o . dza AAfCH

& Capgemini Pension Workbench
File Edit Projection Navigation

PO ADD & PO

NNLCPA-14w2-21112008 * %

Search Format Toos Dev Generate Pension Team NN

Table of Contents % Al

Library - .
Documentation Library NN LC PA
Foundation
Value sets.
Value set Groottebepaling
Value set member Salaris-
zekerde bedrage!
Value set member Afgeleide toezegging
Value set Salaris-diensttijd
Value set member Middelloon
Value set member Eindloon
Value set Verzekerde bedragen
Value set member Vast bedrag
Value set member Percentage van gron
Value set member Percentage van gron
gegeven besrag
Value set membear ANW-hiaat
Value set member AOP becrag
Value set Indicatie Opbouw / Ri

Documentation
= Groottebepalingy
n 1 Inleidingy

In dit onderdeel wordt uiteengezet hoe de wilze van groottebepaling van toezeggingen plaatsvindt binnen het NN Comfort Pensioen. Dit wordt
bepaald door de Groottebepalingsmethode.q

1
Binnen het NN Comfort Pensioen worden de volgende methoden gebruikt:q

- Afgeleide toezegqing.q

1

Daarnaast is er sprake van een onderscheid per toezegging van toezeggingen met waardeopbouw en toezeggen op risicobasis. Welke
groottebepalingsmethoden van toepassingen kunnen zijn en op welke wijze deze worden verwerkt, verschilt tussen opbouwtoezeggingen en
risicotoezeggingen. Het onderscheid wordt gemaakt met de Indicatie Opbouw / Risico.q

Value set Deinemerstatus % 2 Opbouwtoezeggingeny
Value set member fcpiren Binnen het NN Comfort Pensioen zijn de ingen in de
Value set member Premieij het Partnerpensioen als het foen. In de
Valuesct member Siapend o0k het Wezenpensioen op basis van énjarig risico wiordt verzekerd.
Value set member Uitkerend
Value set member Overleden
Value set member Vervallen

Tag definitions

Tag Basisoerekenin

Tag Ouderdomspensioen

Tag Partnerpensioen

Tag Wezenpensioen
Tag ANW extra
Tag WIA excedent AOV

te sluiten. Zowel het Ouderdomspensioen,
rtnerpensioen als risico te verzekeren, waarbij

allen met p
g bestaat ook de mogeiijkheid het Pa

De opbouw wordt vastgelegd aan de hand van de volgende attributen:q
- Bedrag jaaropbouw;

- Delta deelaanspraak uit muta

- Delta declaanspraak uit doorbouw;

- Deelaanspraak uitzicht;q

- Deelaanspraak opgebouwd;{

- Deelaansprazk gefinancierd; ]

- Verzekerd bedrag (*).9

Noselection  Dev

07.05.2010
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&' Capgemini Pension Workbench
File Edit Projection Navigation

2oxDbd&@

NNLCPA-14w2-21112008 * %

Search Format Tools Dev Generate Pen:

Table of Contents %
Library
Documentation

= 3.3 Commutatiegetallen op 1 leveny

Value set Groottebepalingsmethode
Value set member Salaris-diensttijd
Value set member Verzekerde bedrage!
Value set member Afgeleide taezeqging

Value set Salaris-diensttijd
Value set member Middelloon
Value set member Eindloon

Value set Verzekerde bedragen

Value set member Percentage van gron
Value set member Percentage van gron
Value set member Opgegeven bedrag
Value set member ANW-hiaat
Value set member AOP bedrag

Value set Indicatie Opbouw / Risico
Value set member Opbour
Value set member Risico

Value set Declnemerstatus

Value set member Premievrij
Value set member Slzpend
Value set member Uitcerend
Value set member Overleden
Value set member Vervallen

g definitions

Tag Basisoerekenin

Tag Ouderdomspensioen

Tag Partnerpensioen

Tag Wezenpensioen

Tag ANW extra
Tag WIA excedent AOV 2 4 BN(_ris) koopsommen€

&' Capgemini Pension Workbench
File Edit Projection Navigation

&P PO ADDEPO

NNLCPA-14w2-21112008 * %

Search Format Tools Dev Generate

Table of Contents %
Library
Documentation Elements..
Rules
Rule Bereken Mutatieperiode
Tag Basisoerekening PE;‘J‘J‘;UE o
Tag Ouderdomspensioen autatiep
Tag Partnerpensioen !
o " Bereken Mutatieperiode
Documentation
Het vaststellen van de periode tussen de huidige en de vorige mutatie in dagen.q
Tog Eindkapiiad De mutatieperiode kan et meer dan 360 dagen bedragen omdat elk jaar een begin- en eindmutatie kent iv.m. het openen en siuiten van het
Shared TR verslagjaar.g
Elements Dit word niet afgevangen omdat het uitvoeren van de begin- en eindmutatie Zjn van de p tratie.§
Tags

Rules 9
B ccrcten Mutaticperode L ssorekening
Rule Bereken Salaris ontwikkeling gorthm: . S

if maximum(Mutaties per datum) == 1 then daysof{duration(valid(Mut
Test cases

< per datum))) else 0

Valid time Transaction time | Fixture Product Element Expected value | Actual value
03/01/2008 Mutatieperiode -
Mutatiedatum =
Mutatiedatum
Vorig

Rule Bereken pensioengrondslag
Rule Bereken Bedrsg jaaropbou 3
Rule Bereken Bedrag jearopbou
Rule Bereken Bedrag jaaropbouw
laansprack uit door
spraak opgebouwd
stige dienstjaren Periode <30 |03/01/2008 Mutatieperiode -
en Deelaanspraak itzicht Mutatiedatum >
kcerd Mutatiedatum
Vorig (binnen 1
maand)

Mutatieperiode -

Mutatiedatum >

Mutatiedatum

vorig (

meerdere

maanden)
Bereken Mutatieperiode » T > Unit test: Gelijke datums ; “Place ~ Dev
Doc | Splitter | Pension | PensionDecorated | AM

Bercken Verzekerd bedrag
Rule Bereken Verkoopkosten Periode > 30 |03/01/2008
Rule Bereken Netto Eindwaarde
Rule Bereken einddatum opbouw
Rule Bereken pramie
Rule Bereken IS-Opslag
Rule Bereken administratiekosten
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What did we do?
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Asyou
understand
and develop

your
v ArchitectureXx
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architectural camm@
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