Practical syntactic and
extra-functional compatibility
for black-box software components

Pfemek Brada, Katedra informatiky a vypocetni techniky
FAV ZCU Plzefs

21.5.2012




Agenda

> Software Components: Origins and Core Concepts

> What is Software Component Anyway:
From Concepts to Visualization

> Software Component Substitutability:
What and How

> Service to People, Institution and Community
> Conclusions

KATEDRA INFORMATIKY
<KIV> A VYPOCETNI TECHNIKY




Component Compatibility: Two streams

in confluence

> What is Software Component
> How to Evaluate Substitutability

> The Roots and Manifestations of Practicality
= software architecture research as response to growing
complexity of real-world software
= desire to provide answers that have both formal backing

and near-term realistic applicability °®
* mostly validating on current cutting edge techihlasye—
" hmi D
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Software Components:
Origins and Core Concepts




Foundations (1)

> Modularity + Information Hiding

= separate compilation units
= public interface / private implementation

> Assume-Guarantee

= postconditions / functionality guaranteed
<=> assumptions (preconditions / dependencies) valid

> ContraCt get hour :a_ﬁh-.?m:’.: Z]:-."IrE%EEE.:~ . r
* syntax (signature) e et o e
= semantics (ADT), behaviour (traces) R
= extra-functional (QoS) ensure B

hour set: hour = &8 hour
end
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Foundations (2)

> Compositionality
= [build systems so that] if property valid on parts
= it holds on the whole as well

> Software Architectures - fE
= specify parts b
= compose system by rules (styles) Shopping Cart
> Dependency Injection %
= part declares dependency  nventory )
. . . . —Or——1 «component» [J—
= container injects supplier g Orders
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Core Concepts

Software Architecture
Component

Component Model . -



Software Architecture

> “The set of principal design decisions made
about a system.” Sormuss Arcumecrute

> Component
> Connector

> Composition rules / styles
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Software Component

“A software component is a unit of composition with contractually
specified interfaces and explicit context dependencies only. A
software component can be deployed independently and is subject
to compositon by third parties.”

WCOP 1996 2 Szyperski 2002

o
Person «components [ |

> Technical part
= independence, contractual interfaces,
composition Account |

> Market-related part
= third parties, [distribution and] deployment
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Component Model

> “A component model specifies the standards
and conventions imposed on developers of

components.” [Bachmann 2000]

= component types (incl. surface features)
= jnteraction scheme

= composition rules R — N
Static x Dynamic

> “Compliance with a component model is one
of the properties that distinguish components
(...) from other forms of packaged software.”
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Component Framework

> “A component framework is an
implementation of services that support or

enforce a component model.”
= deployment ——
= lifecycle S
= resource management M
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What is Software Component Anyway:
From Concepts to Visualization




A Historical Perspective / Components

1981 Misra & Chand‘}/, 1985 Stark
‘ "A Proof Technique for Rely/Guarantee Properties”
£ ®
\ 1972 Parnas

“On the Criteria...”

1968 Mcllro 2000 Medvidovic & Taylor
“Mass-Prodzced “A classification and comparison
Software Components” framework for software ADLs"”

\ /2002 Szyperski “Component Software” 2" ed.

[ J 8 ® \'

¢ //1992

Perry & Wolf L 2011 Crnkovic et al.
“Foundations for the Study 1995 Magee & Kramer “A Classification Framework
of Sw Architectures” “Specifying Distributed Sw Arch” for Software Component Models”
+ IEEE Software
Special Issue
1996 Martin 2004 Fowler
"Dependency Inversion” "Dependency Injection”

1992 Microsoft COM 1999 Enterprise JavaBeans 2002 Microsoft © 2006 OSGi 4 201X Java Platform
CORBA Component Model .NET (assemblies) Module system
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Motivation

If wgdon’t understand concepts

wg-€annot communicate
~ things cannot be modeled
models cannot be manipulated and visualized

If we don’t capture an aspect

(of module interface)

we suffer from hidden dependencies
modularity breaks

P
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Motivation: What Is a

“Component”?

The endless struggle for perfect terminology

What is a software component? As with the first edition, thiSbook has many
pages on that fundamental question. It contains three difterent definitions that
adopt different levels of abstraction: a first one is found at the very beginning
of the original Preface; a second in Chapter 4; and a final one in Chapter 20.
The existence of more than one definition in this book — and quite a few more
cited from related work (see Chapter 11) — has led to some turbulence.
=== o2 in their excellent book

the term “component™

for a brief discussion see



Motivation: What Is a “Component”?

A definition: software component

A Compa From the above characterization, the following definition can be formed:

* anop “A software component is a unit of composition with contractually
. subje specified interfaces and explicit context dependencies only. A
i software component can be deployed independently and is subject el
. * confo to composition by third parties.” der-
SVBLTIL S LULIVLLY spay o ~ ee ~ - . " = _]E-'E'd.
components, a I'his definition was first formulated at the 1996 European Conference on the
a . . . i : 3 b
Object-Oriented Programming (ECOOP) as one outcome of the Workshop 1i
d In

- on Component-Oriented Programming (Szyperski and Pfister, 1997).
IC, SOftware vompur inoac ay IS secnon INCIUAEs coOMponent moaet, component-vased

and deployment th elemen system, component, and binding. A component itself is
pendence and bin: indeper defined relatively to a specific component model [6].
dors and robust in according To @ composition sIanaard.
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A Definition

> We talk about deployable architectural
components

> A piece of software called a component is

= black-box (opague) software element
= with completely and precisely specified features
crossing its encapsulation barrier (machine readable way)
= 37 party composable and deployable
in ways not foreseeable by the developer
= model conformant (features etc. not arbitrary)
= + small enough to be reusable,
large enough to be business interesting
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Why black-box matters

> Software Engineering core concept:
modules -> interfaces -> components

> Information hiding enforced

> Goals
= prevent property leaks
= |ocalize change effects
= make software comprehensible
= make software composable, interchangeable
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Bundle-SymbolicName: org.openwms.core.integration
Bundle-Vendor: org.openwms
Bundle-Version: 0.0.12.SNAPSHOT
. Export-Package: org.openwms.core.integration;version="0.0.:
Ca Se StUdy: OSG l uses:="org.openwms.core.domain,org.openwmes.core.domair
agement",org.openwmes.core.integration.exception;version="

Import-Bundle: org.openwms.core.domain;version="[0.0.1.SN
.SNAPSHOT]",com.springsource.javax.persistence;version="[

> Explicit required role

> In-completeness of specification

= core: don’t declare services
= declarative services: good & complete, not universal

> Weak specification-implementation

consistency
= core: package resolving only

> Moderate enforcement of black box

= bind to declared packages and registered services only
= class leaks from packages deprecated but easy
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Outcome: The CoSi Component Model

SRE} TempSensor (C 5i1) - bad exports
> Component (bundle) e
. = 2 cz.zcu kiv.sensors
= flat, dynamic model 2 TompSomer e groowy
n OSG|_||ke packaging = 2 cz.zcu kiv.temperaturesensor.impl
) Activator.groovy
" Java, Groovy €| TemperatureSensor.groovy
€| TempSensorSvclmpl.groovy
> RICh base featu reS 2 :?Ebeferenced Libraries
= services, events, EFPs, etc. E & META-INF

5] manifest.mf

> Container

= simple run-time framework
= no horizontal services (75kB .jar)
= |ifecycle interceptors, AOP and DI support
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Guarantee of Conceptual Properties

> Enforce information hiding on surface
= no export/import at runtime unless declared

> Prevent unresolvable dependencies

[ | Stat|ca||y On public void start (BundleContext context) |
Integer numValues = (Integer) context.getBAttributevalue ("sensor.ni
H sensor = new TemperatureSensor (numvValues.intvValue()):
InSta”) update service = context.getService("cz.zcu.fav.kiv.sensorregistry.Senso:

service.registerSensor (sensor);

TempSensorSvc tsvc = new TempSensorSvcImpl () ;
context.registerService ("cz.zcu.kiv.sensors. TempSensorsve", tsve) ;

}

=install tempsensor-bad-exparts.jar

~ps

Id State Name

0] started systembundle (1.0.0)

1 Started messagebundle (1.0.0)

2 Started simpleshell.jar (1.0.0)

3 Started sensorregistry.jar (1.0.0)

ul Started windspeedsensor. jar (1.0.0)

5 Started temperaturesensor.jar (1.0.0)

o Started measuringstation.jar (1.0.0)

3 Installed tempsensor-bad-exports. jar (1.0.0)
=start 8

Bundle tempsensor-bad-exports.jar cannot register service with type cz.zcu.kiv.s

ensors. TempSensorsvec since it is not exporting proper interface
<KIV> KATEDRA INFORMATIKY .
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Software Component Substitutability:
What and How




A Historical Perspective / Compatibility

3 ® O

1987 Liskov
“Data abstraction and Hierarchy” - LSP
1968 Mcllroy _ _
“Mass-Produced w1997 Zaremski & Wing
Software Components” Specification Matching ... 2002 PIasil & Visnovsky “Behavior Protocols... ”

\ /2002 Szyperski *Component Software” 2" ed.

1990 Coc@

“Inheritance is not _
Subtyping” 1994 Liskov & Wing

“behavioural subtyping” 2005 Stuckenholz "Component 2007 Desnos et al.
Evolution and Versioning “Automated and
State of the Art” Unanticipated ...”
1996 Java Binary Compatibility
1992 Microsoft COM UUIDs 1995 DCE service versions 2010 OSGi Semantic Versioning

1990’s linux package versioning
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Paris, 19 July 1996

ARIANE 5

Motivation

Report by the Inquiry Board

On 4 June 1996, the maiden flight of the Ariane 5 launcher
ended in a failure. Only about 40 seconds after initiation of

the flight sequence, at an altitude of about 3700 m, the launcher
veered off its flight path, broke up and exploded.

The Chairman of the Board :

Prof. J. L. LIONS

3.1 FINDINGS

m) The inertial reference system of Ariane 5 1s essentially common to a system
which is presently flying on Ariane 4. (...) [Its] realignment function (...) was
[retained and allowed] to operate for approx. 40 seconds after lift-off.

p) Ariane 5 has a high initial acceleration and a trajectory which leads to a
build-up of horizontal velocity which 1s five times more rapid than for

Ariane 4. [This generated] the excessive value which caused the inertial system
computers to cecase operation.



] C:\Windows\system32\cmd_exe

[ 8] [Active 1] FelixBndCacheFacade (1.0) -
[ 9] [Installed 1 [ 1] 05Gi Release 4.0.1 uUtility Clas
ses (3.1.200.v20070605)

[ 10] [Installed 1 [ 1] Jawva Persistence API Tools - Ut
ility (1.0.0.v200705300001)

[ 21] [Installed ] [ 1] MetaContactList (0.0.1)

o o
MOtlvatlon [ 227 [installed ] [ 1] Apache Muse wSDM MUWS 1.1 Tmple
l’hentat‘lon FlTug-1n UL.2.U)

[ 23] [Resolved 1 [ 1] anagrams.gui (1.0.0)
[ 24] [Resolved 1 L 1] anagrams. library (1.0.0)
[ 25] [Resolved 1L 1] anagrams.scrambler (1.2.0)

-
i S B8R fevctarm o Ir -= start 23
< C ft 3¢ http://localhost:8080/system/console/d org.osgi.framework.BundleException: Activator start error.

e 1 -
=S ey v e e g Ly g e B ) Ly R L R g ey gy ) L e vy ey |

iX.java:1629)
HTTP ERROR 500 at org.apache.felix.framework.Felix.startBundle(Feli
x.java:1519)

at org.apache.felix.framework.BundleImpl.start(Bundl
. . eImpl.java:354)
Problem accessing /system/console/dpsubstverif. Reason: at org.apache.felix.shell.impl.StartCommandImpl.exec
ute(StartCommandImpl. java:&82)
. ; .. . Ce at org.apache.felix.shell.impl.Activator$shellservic
[Lorg.apache.commons.fileupload.FileItem; cannot leImpT.executeCommand(Activator.java:ZﬁS)

at org.apache.felix.shell.tui.Activator$shellTuiRunn
able.run(Activator. java:167)
Caused b}’: at java.lang.Thread. run(Unknown Source)

Caused by: java.lang.NosuchMethodError: cz.zcu.kiv.obcc.test
.anagram.scrambler.scramblerservice.scramble(Ljava/lang/stri
java.lang.ClassCastException: :I_D:g.apache.cumnzs.fij”9;)'--7&“'&/1&"9/5””.‘9; S :

. . . . . at cz.zcu.kiv.obcc.test.anagram. 1ib.impl.WordLibrary
at cz.zcu.kiv.osgi.dpsubstverifier.DPSubstVer! .getScrambledword(WordLibrary. java: 83)
at cz.zcu.kiv.osgi.dpsubstverifier.DPSubstVer; at cz.zcu.kiv.obcc.test.anagram.gui.Anagrams.<init>(
t dav I t-."'tt HttpServlet.servi (Htt Anagrams. java:28)
at Jjavax.serviet.ntip.nttpeerviet.Service | \oti} at cz.zcu.kiv.obcc.test.anagram.gui.Activator.<init>
at javax.servlet.http.HttpServlet.service (Httjj(Activator.java:16)
at sun.reflect.NativeConstructorAccessorImpl.newInst

at org.apache. fE__Tx'_“EbCD"QD_E_'_"tE_"'_i__":'E_f_EanceO(Native Method)
at org.apache.felix.http.base.internal.handle; at sun.reflect.NativeConstructorAccessorImpl.newInst
at org.apache.felix.http.base.internal.handle;ance(Unknown Source) .
- Ny I s . at sun.reflect.DelegatingConstructorAccessorImpl.new
at D_g.apac._e.fE__x...ttp.l::ua.:,e._..te__.a_.d_apattlnstancewnknown Source)
at org.apache.felix.http.base.internal.dispatq )at java.lang.reflect.Constructor.newInstance(Unknown
- H 14+ h e internal di = Source
at D_g.apﬂC?.E‘.fE'__T}:....ttp.bﬂ.:,E'.T..tE'_..a__.dfapﬂt[ at java.lang.Class.newInstance0O(Unknown Source)
at org.apache.felix.http.base.internal.dispatq at java.lang.Class.newInstance(Unknown Source)
at org.apache.felix.http.base.internal.dispat: at org.apache.felix. framework.Felix.createBundleActi
- . lix.h ze.internal .Dis vator(Felix.java:3486)
at org.apache.felix.http.base.internal.Dispatq at org.apache.felix.framework.Felix._startBundle(Fel
at javax.servlet.http.HttpServlet.service (Httjfix.java:1580)
- —_— R - + T oonore
at org.mertbay '-:E'tt-? ":'E‘”fEt""E‘”_‘Et"D‘d'_E""fa java. 1ang NosSuchMethodError: cz.zcu.kiv.obcc. test.anagram.sc
at org.mortbay.jetty.servliet.Servlietiandler.hframbler.Scramblerservice.scramble(Ljava/lang/string;)Ljava/]
at nvrr moarthawv Getty zervlet SesgimnnHandlar h .—.._1’}4:1—"-:“.3;
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Component Compatibility: Challenges

> “Independent composition by 3™ parties”
=> need to check compatibility

> Very late binding

= static architecture: deployment-time
= dynamic architectures: run-time (or reconfiguration time)

> Can work with distribution form only

= no sources
= weak specifications

> Target platform # development one
= performance, access issues

KATEDRA INFORMATIKY 27
<KIV> B R e




Checking Compatibility: Options

> Formal — how much from contract to include

= syntax = type checks
= semantics (behaviour) 2 model checking
= extra-func properties = function evaluation

> Informal — how good is the data

= version numbers
= compatibility meta-data

Terminology
* substitutability: A<->B
e compatibility: A->A

KATEDRA INFORMATIKY
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Informal checks:

Analysis of a high-profile OSS OSGi project

“When you only import packages and “*Marketing” vs "Semantic”
require some minimal or maximal

version it means that the developer of
the library has to do very good version
management. If he changes an APl and
does not change the major number it

version IDs

can affect an already deployed 1.0.1 1.0.0 n/a
application. 1.0.3 1.0.1 (none)
"With maven you already have the same 04 0.2 (none)
problems it compile time but with OSGi —— 2.0.0 modification
it can crash at runtime. We need a whole 1.2.1 2.0.1 (none)
set of new tools for this problem.” 139 5.0.2 (none)

_ 1.4.0 2.1.0 extension
-- comment on Peter Kriens’ blog, 4

1.4.1 2.2.0 extension

6/2009
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Type-Based Compatibility

for Software Components

Reconciling
- formal strength
practical aspects

(Semantic and Behavioural)
intensive research
“state explosion problem” = O(e")



Formal checks: Type-Based

> Assighment analogy

: Instances of type T, can
vVehicle v := (Car) ford; be bound to variablles

declared to be of type T
ifT,<:T

= triggers type check
= dynamic type checking allows - short <: long

unforeseen subtypes " Car<:Vehicle
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Component as a Type

>

KATEDRA INFORMATIKY
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Formalized (and simplified) model

Captures

= collection of elements (their types)
= element role (provided, required)

C=(E" ER);E={e | e=(n, T,1,0,0)}
= declared component type
= elements — name, type, role, opt, arity

Instance vy:C;v.PcC EP etc.
= not all elements may be always present

32



Type-Based Compatibility: Variations

> Strict

= on component type representations
= used for 1:1 any-time compatibility

> Contextual

= consider actual use of component instance
= include in comparison with A" or B
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Strict Compatibility

> Sta nda rd Su btyp|ng > “A substitute component

should be usable
whenever the current one
was expected, without
the client noticing it.”

Ar <: AC When [Wegner, Zdonik, 1988]
Vp'eA".P VpteAP « p'<:p
Vr'eA' 'R, VrceA.R « r':>r¢

= covariance for provided part
= contravariance for required one
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Subtype Checks: Expressing the Results

> Goal

= evaluate through recursion
= store for future reference

read

> Rules

none < ins | del
< spec | gen

< mut

ins ® del - mut,
ins @ spec — spec,

KATEDRA INFORMATIKY
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cz.zcu.logging OLD

diff(a,b) = spec < b<:a }

Interface Logger

void log(String msg)
void setSize(int size)

Interface LogService

Logger getLoger()

A

Generalization

®

Mutation /

S =

Specialization

e

cz.zcu.logging NEW

Interface Logger

void log(String msg)
- method deleted

Interface LogService

Logger getLoger()
void flushAllLoggers()

+ method added




Outcome: Type-Safe Component Updates

> Initial bindings and Updates that ensure
application consistency

> Relation to framework checks (lifecycle)

B = cz
B = zcu t
., componen
B & kiv
= ent . "
B = obce I I ' I pl H
B (= osgicmp :
= = impl :
b Activator.class !
s OsgiCompareServiceFactory.class =
b OsgiCompareServicelmpl.class
1 DiffState _class .
i OsgiCompareService class I‘
(= javax :
= = M F :
™A Export-Package: L
cz.zcu.loggin
ort-Fackage:
org.gnu.opar

) Resolver
KATEDRA INFORMATIKY 6
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Application and Measurements:
OSGi Resolving Integration

0SGi
DevCon

Meta-data 28 ‘urope

Type check 256 1345 10437

 (knopfler =101

I
b 3 update Bundle Coi 10l =L
PE| 2| Aa|B- Id Mame Version State Lacation Description
L] L]
> A p p I I Ca t I O n S | 13 Fiy-Comma, .. [2.0.0 active Frameworke. .. |Framework ... ;I
B 14 LogComma... [2.0.0 active logcomman... [Log comma, ..
HTTR-root-MPL #23C 15 CM-Comma,.. 2.0.0 active cm_cd-2.0... [Commands ..,
Locati |16 TTY-Consol... [2.0.0 active consoletty-,.. (Command |,
— )
= N u | I - 2 b u n d |eS '(E"‘ State [17 Telnet-Con... [2.0.0 active consoleteln. .. Telnet cons...
- P Symbi (15 Deskiop .00 active deskkop_all-... |Swing fram...
[ Pa rkl ng - 6 b u n d |eS gH-mp Lastm (15 HTTP-root-1...|2.0.0 active httproot-z.... [Dema HTTP...
N Sta":ll 20 KFEndCach... |1.0 ackive KFEBndCach... [Bundle cach...
Ay Bundl > 0sgiCmpBu. .. [1.0.0 active 0sgiCmpBu. .. [5G bund|
— =S p gi_mpeu... 1.0, gi_mpbu. ..
u COCO IVI E — 1 5/3 7 b u n d Ies LpdateCantraler :un::l 2z Safelpdate...|1.0 active Safelpdate. .. |Safe updat...
D B:: dl: 23 GUIUpdate... (1.0 active GUlupdate... |[GUI For Upd...
Inter 4 Services.pr... (1.0.0 active ibauml.servi. ..
Bundl =
Tool
Create |28 anagrams.gui [1.0.0 finstalled |anagrams.q...| -
° RBnd-1
> Felix resolver hook —
anagrams.gui.jar | [TBundle ¢ This windaw is Lpdate bundle controller window,
———— You can update your bundles in two ways:

B oI I~ISHOVISCE [ EEOOST

D k d . d # common way of update i T

> e S to p + A n ro I SRS EsRes| Update Ctrl Bundle = [ez= ]
. b TME~1% JAROSL~1%Li \!1) Bundle was updated successfully with compatibility check., et i e
implementation T

lle: 25 done.

AATIKY
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Industrial Applications

> Luminis (NL)

= conceptual cooperation
= Apache ACE project enhancements

> Openmatics s.r.o.

= strict compatibility for APl + 3rd party OSGi application
verification
= simulation tests of extra-functional property limits
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Type-Based Compatibility: Variations

> Contextual

= consider actual use of component instance
= include in comparison with A" or B

> Prerequisites
= deployment context as a type

KATEDRA INFORMATIKY
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Deployment Context as a Type

> Deployment Context (D) = rest of architecture

= components, bindings (relations, actual types)
= architectural consistency

> Contextual Complement of a:A = o’s view of D

aS a type P DeviceControl @

= /DeviceControl (v5.0) (v2.2) > @— Gate
1. obtain T CountingStats GateSta‘us‘ucs‘ J\ArrwalsDepartures
actual Contro! !_c v
ParkingStat
usage O — arng=g e L ArrivalsDepartures
2 invert VehicleSink ==
)—| TrafficLane ParkingPlace B
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Deployment Context as a Type

> Deployment Context (D) = rest of architecture

= components, bindings (relations, actual types)
= architectural consistency

> Contextual Complement of a.:A = a’s view of D

as a type
CountingStats T T DeviceControl
. 5.0)

1. obtain ’

actual D(Gate)

usage DeviceCcntrolJ\ | ArrivalsDepartures

. ~ (V3)
2. Invert ParkingStatus
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Contextual Substitutability

LaneGateStats
Vehicle Sin DeviceControl
? | ? CountingStats DeviceControl
| T T(v5.0)
D -
DeviceControl (v3.0) (v Gate v2 D(Gate)
DeviceControl,L | | ArrivalsDepartures
\r . A A (V3)
CountingStats ,L ,L ParkingStatus
Control | —( ParkingSlatus ArfivalsDepartures
ParkingStatus _
DeviceControl ArrivalsDepartures
Vehicle Sink (v3)
| TrafficLane ParkingPlace
VXPeP dpeP « p<: xP m
VreR3Ix'eR o X'<:r = A’ < A€
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Context and Substitutability Properties

> Contextual complement: may

provide less, require more
= Ap.P < a.P — not all provisions need be used, etc.

> Effective type & context time-dependent (!)

> Substitutability: strict ensures contextual

In any context
= A’ <: A will always fit into D(a)
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Type-Based Substitutability:

Practical Considerations

> How to obtain replacement component type

= binary package, e.g. bytecode
= E" not included, obviously

> How to obtain context (-> complement)
= guery component framework

> Subtyping vs. language rules
= e.g. Java binary compatibility

KATEDRA INFORMATIKY A
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Compatibility of Extra-Functional

Properties

EFPs = qualitative characteristics
- performance, resource consumption, reliability
- maintainability, security, usability

Motivation and challenge

- properties “same” but values “context dependent”
- lack of normalization (esp. in CBSE)

- rudimentary support beyond RT and HA domains

Closest model: Palladio



Based on Generic EFP Meta-Model

(K.Jezek)

> Component-model independent

= generic meta-model

= primitive, complex and derived properties
E={{e|le=nT Es~ M)}

= assignment and evaluation framework

> Usage context independent
= declaration (type) — global repository

(time_to_process, integer, {unit:‘‘ms’’, names: {low, avg, high}} )
= definition (value) — local repositories
mobile/GPRS: time_to_process: low = 10, high=5000, ...
data_transferred: low = 1, high=100, ...
desktop/10GEth: time_to_process: low = 1, high=250, ...

data_transferred: low = 1000, high=1000000, ...
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EFFCC: Extra-functional properties

Featured Compatibility Checks

Components Repo = Assembly
; o | e
> l X 0 0 ; ;
B 1% Y
— 4 L O
7 [£ () EFP Assignment : . e W &
I: Open component
] BasicDataSource =] 1 Global registers =]
Cnmpnnent | |nterface.Data.Access.l.G.D.GA 7 [ Education |
__ DE‘U’E|DDEF ¢ [ response time : D memaory consumptic
Registry [ netbookslow = [300.0; 500.0] [ response time
] |j‘| smart phonesaverage = [200.0; 300.0]
Domain EFP Client <: [} interface. TransactionalDataAccess,1.2.2,
EXDEF[ D interface.JdbcConnector, 3.1.2.G4A
, I [ interface.Loggining,1.1.2. n -
EFP REPHEiWW < [£:f o Assigning EFP response time to feature TransactionalDatafccess e B8 §
I I
I

! ® Local register value ) Direct value ' Math formula

11, name=Education]
e devices

alignment (“time_to_process” 1

always the same propert low = [300.0; 500.0]
y p p y) | verLow = [0.0; 300.0]

[} average = [500.0; 1000.0]
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EFP Compatibility Checks

> Works on complete (to be) composed

architecture graph ot

Component A

D'Component' Vertex
O ‘Feature' Vertex

1. Create graph [ ere vro

Component B

> uses element/feature meta-types, types, roles

2. Find values (depth-first)

> assign direct values

> compute derived and function-defined values (recursion on “R” features)

3. Compare and evaluate

> quality vector using the y function

Can always say “low < high”

> results pair-wise and for the whole composition
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Dealing with Complexity

> Use incremental evaluation for

large applications

= architecture reconfiguration (substitution)

%1 o3
c.
' g
cl | w_
19 J v
Foay

KATEDRA INFORMATIKY
A VYPOCETNI TECHNIKY

() [m Y G

Repository
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Replace

Increment steps
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Application: OSGi Enhancements

> Goal
= integrate EFFCC to OSGi => provide EFP support

> Implementation

= framework-tied “assignment module”
N metadata sd OSGi Resolving Procces Connected to EFFCC )

—————————————————————————————————————————————————————————————

. | 1
exte n S I O n S | OSGI Resolver | ! | EfpResolverHook | | EfpComparator | | EfpAssignment | | EfpAssignmentQSGi | !
1 1

I |

I

‘ i
\ 1 filterMatchest)  ~ |
B — P 1.1: evaluate() |
I
I

|
<L shink) ™ |
F |
|
|
EFFCC
,,,,,,,,, ||
<—-wooos eyt N I LA
| Component Model Dependent : Component Model Independent : Component Model Dependent
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“... were omitted for brevity”



Components

<= component ==

AddressComponent

> Meta-modeling = B

-~ Supports

= The ENT meta-model o AdrossBok

‘... state: Network State

=~ Atributes
- state: Net""‘":'{ (access=readonly) ] §
=) Needs e
- Receptacles t:&j._.j
=)~ Publishers ol l
. L. stateNotify: ChangeState ‘?—‘——:i“

> Visualization e =

= Advanced Interactive e 22
Visualization Approach =

= Vieport in Diagrams f%% 7

it
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Compatibility

> Simulation-based Approaches
= componentized simulations
\

Component Repository

= EFP verification

‘ New component
f version uploaded

Compatibility
ks -/ & Checks
> Meta-data for Resource Vl_oiz{%m s

Constrained Scenarios T N Ve Components

Resource Constrained

= the CRCE repository Devices
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Service to People, Institution and
Community




Grants

> (GACR 1999-2001 , Developing software
components for distributed environment”)

> GACR 2008-2010 ,Methods and models for
consistency verification of advanced component-
based applications”

> GACR 2011-2013 ,Methods of development and
verification of component-based applications
using natural language specifications”

> PhD student grants: Kamil Jezek M/cr, TALENT
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Education and Institutional

> Master-level courses (2001-today)

= Principles of / Advanced Software Engineering, Modern Trends in
Software Engineering (seminar)
= Programming Internet Applications, Java Enterprise Technologies

> Bc-level courses, master theses

> PhD students (2006+)

= Kamil Jezek , Extra-Functional Properties Support For a Variety of
Component Models” (thesis submitted)

> Institutional involvement
= Head of Software Engineering and Info Systems (2011)
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Community Involvement

> Program Committees

= Euromicro SEAA (2007+)
= SOFSEM (2011+)
= QUASOSS, CNSI, Objekty

> Industry Liaisons

= guest lectures, CZJUG
= Enterprise Software Engineering Competence Center (2011)
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Conclusion




The Road(s) Ahead

> Making compatibility possible in resource-

constrained scenarios

= algorithm optimizations

= rich meta-data use

= pre-computed results of computationally expensive checks

> Visualization of complex software

architectures

= data-supported graph layouts and interaction
= interaction and usability aspects
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