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Agenda

Composition is Pervasive in Software

Bit on industrial component model & experience

Composition in different programming languages
Composition of components in distributed systems
- CORBA: request-response middleware

Predictable Assembly

- Predicting properties of assemblies of components



technische universiteit eindhoven component_basegl
. . . software engineering
I U e { faculteit wiskunde en informatica

Product Family

Price

Image

quality |
100 Hz

Connectivity

Sound

1394 |

Dolby

F

K3
menus

Broadcasying
Standard

Eu

EPG |
animation Data_
HD | Processin
Storage .
Device El
User
Interface 3

Video Output Device



technische universiteit eindhoven component _basegl
. . . software engineering
I U e { faculteit wiskunde en informatica

Construct by composition
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(1) Complexity
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Component

component based
software engineering

A Koala component is:

a reusable ...
... unit of encapsulation ...
... still with variation points
providing stuff
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- Example

component based
software engineering
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Koala - Example
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Development Processes
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TU/e
Branching in practice.

[FEFE 4 plFF AR AL AR 4 1B PP 18]
-

RN PUPR S
il

|1 3-0705-naldf 2-0fn4 301 1-200

[18-0J03-050]1 2-0607-07-201

21 D001 4251 (2401 0]2404-1[24-10-2002)

EREEEED

{l{» +|

[[20-06- 2003

HHMIMIIMR A3

SRR

2[5 )11 5-06-2002]

L!EII!IIIE
[ H A

0a3 0Q4 oz2a1

-+
21-03-2003)

2440511404 1]18-12416-01-2003)

kAR 4. Jiaabi MAMIRAR 4. Ziash|

k4. iaa]

[1§27-11-2002] [2[{305-121]05-03- 2003 111 8-06-2003

202 0203

[d1[2@02-06-2003]
bt AR 3. GMP 3.0d]

raale s ol B
[H[of 24 [r2-04]1 &-05 2003
R T e e A R R

[]

i{li»"{».i» {»-i +-'+-+

0204 03a1 03Q2

S v T [here are a large
++ SRy Sk o --I---I+ +-+-++1+
011:A430-09-2002]  [4024118-12[1121-01 - 20041 2-031-01[]f305-05-2003
L (A s s R ) nUI I lber (>10) Of

long-living (> 1y)
branches.

Advantage:
Safeguard products
from ‘improvements’
In other products.

Disadvantage:

Multiple maintenance.
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Documentation: Interface Data Sheet
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Documentation: Component Data Sheet
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Composition

component based
software engineering

13
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Substitution versus Composition

Substitution

Composition

Replace one ‘piece of software’ with
another that has the same
observable properties - in particular
the same interface.

Compose ‘pieces of software’such
that they may interact.

This is ‘do-able’ and often
sufficient for reuse of software.

Context is static,

Semantic context is known

Context may be dynamic,
Semantic context is not known

Typically done before compilation

Typically done after compilation: run-
thne
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What should be the aim of composing software ?

Interoperation?

Functional composition?
Synchronisation?

... Suggestions from the audience ...

Composition of functions & features
under invariance, or improvement, Performance
of quality properties Scalability Reliability

Maintainability Timeliness

Schedulability

Resource Use 15
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What is the desired unit of composition?

- What units make sensible software building blocks?

- Keep in mind issues related to components

- State(less)
- Hierarchy
- Role of the infrastructure

16
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What do you want to compose?

Aspect of Scale / Granularity:
- |nstructions

- Methods

- Modules / Classes

- Frameworks / Libraries

- Services

- Components / Aspects } across systems
- Systems

~

- intra-language

J

. intra-architecture

J

17



Siteit eindhoven software engineerin
I U e I.frar_ 1t+1-t1.-.-5k nde &n nfu matica 9 9

Composition:

the programming language level
- Functional Programming Languages

- Logic Programming Languages

- Imperative Programming Languages

- Object Oriented Programming Languages

18
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Composition in Functional Prog. Lang’s

Functional Programming: Haskell, ML, LISP, ...
Philosophy:

Software is for computing functions.

The composition of functions is again a function.

~(Ffog)xorf(g(x))
-The output of function g is input to function 7
-Requires compatible types
‘o’ isof type (B—y) - (a—B) = (a—7y)
-Has nice algebraic properties (distr, assoc, comm, idem)
-Function is also unit of abstraction/structuring
-Has elegant semantics
- for the functionality, not for the behaviour!
-not good at handling state 19
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Composition in Logical Prog. Lang’s

Logical Programming: Prolog

Philosophy: Computing = Theorem Proving
A program is a set of deduction rules (in predicate logic)

Composition is the union of deduction rules.

B(x) « A(x) A C(y) < B(y)
The result of ded-rules are the facts that can be derived from them

Semantics is elegant for small programs only
- The interaction of deduction rules becomes incomprehensible

- There is no intuitive relation between a program and its
behaviour
20
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Composition in Imperative Prog. Lang’s

Programming Languages: Fortran, Pascal, C, ADA, ...
Philosophy:

- A program is a sequence of elementary instructions for
a processor.

- Composition is the appending/merging of the sequence
of instructions.

Elementary instruction are: assignment & expression evaluation
- XI=yTy
- instructions can be composed using control-flow statements:
., if .. then .. else, while .. do, repeat ,
Semantics is elegant for small programs only; reasoning is difficult
- There is a direct relation between a program and its behaviour
- This lack of abstraction complicates reasoning about large progran
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Composition in OO Prog. Lang’s

- OO Prog. Lang’s: Simula, C++, Java, ...
- Objects are essentially a structuring/abstraction

mechanism

- Main composition mechanism:
- Inheritance
- Mixin’s (Bracha)

Class P L

{
method Q

method R
}

component based
software engineering

Class A

{

}

method B
method C

Ao

Class P: inherit A &

{

method B
method C
method Q
method R

22
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How does a system know where to
‘return’ the result of a function call?

23
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Endogenous versus Exogenous composition
A B

Endogenous Cjomp.OSl:fl'Oﬂi T— ST A
composition is built into the to B Hfrom A
items that are composed

e.g. method calls in OO languages

Class A N
{
method Q
{
B.m()
Exogenous composition:. }
composition is defined outside } b
of the items that are composed.
- localizes changes in binding /}
- reduces dependencies
. . connect
between application components A to B

Benefits: consider changes in A or B or in the connections. 24
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- File i.id (hand written)

interface I{
void f(int x);

ks
- File c.cd (hand written)

component C {
provides 1 p;
requires 1 r;
contains module m;
connects p = m;
m r;

component based
software engineering

25
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Binding of Components

Component P1

{ .1} { provide Iv k }

Component P2

{ require Iv 1 }

Inst X1:P1, X2:P2
Bind X1.k — X2_1

X1

X2

26
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Composition:
the programming language level

Technically we have:
- FP: functions; LP: clauses; OO: classes
- |Issues in composition:
- Syntax: form of the interface
- Execution model: control flow, data flow
- Data model: representation of data, meaning of data

- Often incomplete information in the program text

27



component based

Siteit eindhoven software engineerin
I U e ,-’Far_ ltetwsk nde &n nfn matica 9 9

Composition: The Component Level

28



component based

technische universiteit eindhoven | :
TU /e [ faculteit wiskunde en informatica software engineering
Component Binding

When a component X uses/knows information about
another component Y, this is a dependency of X on Y.
We say that X is bound to Y.

29
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Composition/Binding time

Binding time: the stage in development that a component
X starts using information about another component Y.

Development-time
- Integrate source text files and build instructions

Compile / Link-time
- Integrate source or object-code into executable

Run-time
- Integrate executable components in a running system

30
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Composition Forms

C
component-framework l

‘docking’

component-component

framework - framework ?F? ?F?




technische universiteit eindhoven Sg%;nv;’:)en:r?;i:f’;?ng
I U e [ faculteit wiskunde en informatica

Component - Framework binding I

C-F binding is governed by a deployment contract.

This binding enables components to:
- acquire resources for instantiation and execution
- use the interaction mechanism(s) provided by the framework

This binding enables the framework to provide common facilities
to all components; e.q.

- supervise component resource use; such CPU- and memory-use.
- life cycle services (installation, execution, replacement, removal)
- registration & look-up services

The relation between a Framework and a Component seems very

similar to that between on OS and an application.
32
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G =G

Component - Component Binding

C-C bindings are governed by application contracts.

These binding enable interaction between components and hence
the assembly of component services.

The interaction mechanism is provided by the framework.

G, C, C, C,

F -

conceptual actual

33
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FF?' IQFQI
1 2

Framework-Framework binding

F-F bindings are governed by interoperation-contracts.

This binding enables interaction between components of
different, possibly heterogeneous, frameworks.

Typical example is IIOP which connects two ORB’s.

34
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Let’s look at an Example:
OBJECT ORIENTED MIDDLEWARE (CORBA)

The items to be interconnected are objects
Objects interact via method invocation (remote procedure call)

Middleware should make the distribution invisible to the objects

method call method

b.foo(x) invocatia

A OO MIDDLEWARE

35
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OBJECT ORIENTED MIDDLEWARE

/ Application B \

(2 Application <

] oy Middleware proxy |
|

[ Operating S)Jg.{em j

36
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OSl 7-Layer Reference Model

technische universiteit eindhoven
[ faculteit wiskunde en informatica

component based
software engineering

Application

Application Program

Presentation

DistributedMessage
Services: Routing:
* X.500 * X.400
* DNS * SMTP
« LDAP < MAPI

Object Request Broker (ORB)
(CORBA, COM/DCOM,
RMI, SOM/DSOM)

Messaging System (MOM)

RPC (DCE, Netwise)

o etc... e etc...
TP Monitor (CICS, Tuxedo)
Sessien Communication APIs (socket , APPC)
Transport SPX, TCP, LU 6.2
Network IPX, IP, DLC
Data Link NIC Driver
Physical 802.3, 802.5

User Service

* Message Queuing

» Data Translation

* Directory Service

* Naming Service

» Security

* Recovery

* Broadcasting

» Session Management

21eM3[PPIN

Transport
Service

37
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Remote Procedure Call MIDDLEWARE

method call method
B.foo(x) invocation Bfoo
AE .

Proxy < g ORB - ( Proxy

Contains a registry

38
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Binding CORBA style

MyYaame is C,. Who can do X?/ !
I\&m do X. ! C, C,, do X for me!
Registry (<) Registry Registry

C, gets a reference to C,

Registry can be filled at compile-time or at run-time

39
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CORBA SERVICES

Timing
Naming
Event notif.
Life-cycle
Persistency
Transaction

Concurrency
Control

Relationship

Externalization

Creation of a global time base

Binding between names and objects

Asynchronous message comm. between objects
Creation, deletion, copying and moving of objects
Persistent storage and management of object state

Support of multiple concurrent transactions
Flat transaction mandatory; nested transactions
optional

Concurrent coordinated access of objects by clients
Object locksets with read, write and upgrade locks

Supports the specification, creation and maintenance
of relations between objects for maintenance purposes

Externalization of objects across processes and ORB's

40
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INTER ORB PROTOCOLS (I0OP)

« Olde > ‘< ORB > l
4

IOP
Standard for ORB-to-ORB interoperability

General Inter-ORB Protocol (GIOP)
— specifies transfer syntax

- standard set of message formats for connection-
oriented transport

Internet Inter-Orb Protocol (IIOP)
— specifies how GIOP is built on top of TCP/IP 41
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Binding Pattern

component based
software engineering

Service Registry

discover

publish
o

Service
escriptio

3

Service Provider -

bind

» Service Requester

42
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How does a system know where to ‘return’ the
result of a function call?

Compile Time o
foo(..)
function compile __ Symbol table 1
bar(..) —»| bar +28632 | compile for(..)
{ .} foo +46542 |e {
bar(p)
ks
. address table h
Load Time

bar =50854
foo =68764
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How does a system know where to ‘return’ the
result of a function call?

Run Time
stack
function function
foo(.-) bar(..)
1
for(.) {.}
{
address table
b
mar(p) bar =50854
} foo =68764
¥

44
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Binding Pattern

address table & stack

/el ¥V I\ I\\—3|J‘|’

compile

MIJ W/ V ]

compile

rJUI” IIIII

Service
Description

caller ] } callee
OS

4
A

component based
software engineering
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Interaction Style and Binding

Interaction styles bring Broadcast f Blackboar

inherent type of binding g w |
3 .
g 24
Nt ¥ Notice board
S~
IS
S
T Connection- Asynchronous
< oriented connection
2

= 2 = 2 =
ételephone@ R

Temporal coupling

Referential coupling : sender has reference to receiver name/address
Temporal coupling: sender and receiver synchronize in time

47
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Binding Blackboard style (e.g. JavaSpaces)

C, C, C, C, C, C,
C, birnds to BB C, binds/to BB
Blackboard Blackboard Blackboard

C, and C, read data from the BB - independent of who put it there

C, and C, do not need references to each other !

No references = no dependencies Data Registry

ublish discover
P Data
Description

Data Provider Data Requester
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Composition time trade-offs

The later composition takes place, the more flexiblility
the component model/system provides.

Run-time composition requires
more functionality in the framework

= more complex framework

= more expensive to develop
=» use more resources (important in embedded systems)

more meta-information in the component
= more expensive to develop
= more expensive to download

indirection during run-time
= performance penalty

49
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Run-time binding

Run-time binding needs run-time support from
the component framework. Hence, this needs to be
foreseen in the component model.

This design decision whether or not to support run-
time binding, affects all systems that are built using
the resulting component model.

Many ‘component approaches’ that try to migrate from
existing technology are not able to integrate run-time
binding.

50
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