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- On testing
- On binding
Reasoning about composition of components
- Evaluating Architectural Alternatives
- Concluding remarks CBSE lectures

Next week: demonstration of the assignments
(na overleg met Tom Verhoeff)
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CBD testing problems - Buyer

- Vendor has different problems

- Lack of acccess to source code & design documents
makes testing more difficult because:
- More difficult to understand what happens/can happen
- What is its state-space?

- Access to source or documentation is desirable for selecting
test-scenario’s

- Consider a set implemented as an array or as a list

- Test adequacy
- how much testing in enough? No coverage known!

- Lack of knowledge of component creator
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CBD testing problems - Buyer

- Input domain may be too large to cover a significant
portion

- If a component provides functionality you are not
planning to use, it is probably wise to also test that.

- There may be more assumptions on the working of
other components than becomes clear from the
specification & interface.
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determined by (0.a.) the following factors
- Understandability

- Observability

- Traceability

- Controllability

. Test support capability
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Testability - Understandability

- Availability of component information
- User documentation
- Development documentation
- Testing documentation
- Test plan
- Test criteria
. Test scripts/drivers/stubs
- Problem reports (?)
- Coverage data

- Understandability of available information
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Testability - Observability/ Traceability

- How easy it is to observe/monitor the response of a
component on stimuli
- Different inputs lead to different outputs

- Traceability: capabilities that enhance observability

Trace
/ ¢ \
State-trace Action-trace Performance
| .
| | — Method calls (in/out) — Response time

Application Platform

L Variables

- Call-stack

1 Cnfg. settings

— Events

L Errors/Exceptions

Scalability —

— Throughput

Resource

- Memory

- CPU .

- Bandwidth



technische universiteit eindhoven component based

o , . software engineerin
I U /e [ faculteit wiskunde en informatica 9 9

Testability - Controllability

- How easy is it to put a component into a specific
state and make it perform a certain action

Controllability

— Environment control Installation, set-up and deployment

L | Execution control

start, pause, resume, stop, abort a program
— Control-flow {

running a trace of actions

— State (re)setting the system’s state
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Expected Effects of CBD on the SE Process

E. Weyuker:
CBD may reduce effort needed for building,
it will increase the effort needed for testing.

Typical effort distribution Expected distribution for CBD
o e e S 29 6% 8% 16% 25% |45%
[ ] [ ]
F & S € & 5 SE
& & D & & & >
s & ¥ & & & ¥ &
Q > 2 S > ¢
o & < O & N
< Q < Q
& &

Little empirical measurement is available (see article by W.C. Lim)?®
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Binding & Dependencies

component based
software engineering
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Interaction Style and Binding

Interaction styles bring
inherent type of binding

Referential coupling :
Temporal coupling:

Referential coupling

component based
software engineering

Broadcast ;P

Blackboar

abe

S

Notice board

Connection-
oriented

ﬁ telephoneﬁ
fs == ==

Asynchronous
connection

(="
= E-mail

Temporal coupling

sender has reference to receiver name/address
sender and receiver synchronize in time

11
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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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Predictable Assembly

- What are the properties of a composition?

How can properties of a composition be derived from
the properties of its parts?

- Functionality

- Extra-Functional

- Which information needs to be specified per
component in order to construct a model of the
composition?

13
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When Predictable Assembly

Design Time
Run-time change in components
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Composition of properties

Hypothesis: properties of the system are a function
of properties of the components

15
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Extra-Functional Properties

An architecture needs to balance the extra-functional
system properties

Performance
Timeliness t Reliability
Schedulability ‘\ /
System

Security <= _ —p Efficiency
Architecture
CPU, Memory Use

e N\

Safety l

16
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What are properties?

Examples:

- Timeliness, Responsiveness, Schedulability, CPU
utilization,
Memory utilization, Latency, Throughput,
Concurrency, Footprint

- Availability, Reliability, Safety, Security,

- Cost

17
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Problems

- There are different system/components properties
- Different abilities to (formally) specify them
- Different abilities to measure them
- Different complexity (relations to other attributes...)
- Different ways (and efforts) to achieve them

- Different properties are of interest in different
domains

18
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Compositional Reasoning (Semantics)

- Calculating properties of a system by combining
properties of its constituents.

———————————————————————————

___________________________

‘Traditionally’ P(C;) denotes
the functional meaning of C,

19
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Predictable Assembly: Functionality

Can be fairly adequately specified using
- predicate logic (pre- and post-conditions)
- using functions (lambda expressions)

However, the behaviour of components is typically not
sufficiently well specified;
typically because this is not part of the program text.

Extra-functional properties?

20
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Compositional Reasoning: Functionality

- Meaning M(C) of program C can be
a function from inputs to outputs; e.g. M(C)= ax.x2

- Then composition is nicely modelled by

function composition S --------------- ;
N C] C2 RN
F o G

21
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Compositional Reasoning: Behaviour
e.g. Traces
- Meaning P(C) of program C can be

the (set of) traces of actions that C can perform

- then sequential composition can be modelled by
concatenation

________________________________

. parallel composition can be | S
modelled by interleaving C, — G,

________________________________

- complications arise if i
components synchronize abc y -

abcl123, ab1c23, albc23, ..., 123abg,
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Compositional Reasoning

Different models may be B s
associated with a component |
GG
/ \
)Re))Re) )%c))5%)
some examples follow >Pc1> Pc2>

23



technische universiteit eindhoven
I U e f faculteit wiskunde en informatica

component based
software engineering

Robocop Component

Robocop Component

Resource Model

Simulation Model

Documentation

Functionality Model

Source Code

Executable Component

A Robocop Component is a set of
Models

- Model can be machine and/or
human readable / executable

- Typically: one of those is
executable on a target system

- Called the (executable)
component

24
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Example

- “Physical characteristics”
- Static memory

M(C) =) M(c)
/=1

M =memory size
C = composition
¢, = components

M(c) is known for all c,

25
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Predictable Assembly

- Same question, now for extra-functional properties.

- Static properties vs. Dynamic properties

Let’s consider dynamic memory-use
- Given the dynamic memory-use of C, and C,.
Now what is the dynamic memory use of S?

———————————————————————————

___________________________

26
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Problem Instance: Cost

Derive cost of a system from cost of its parts.

A 1 pmmmmmmmmmsmms s s s s s
1

s - 42
&7 | c] _________ c 2|

Other example: static memory use

Let’s move onto real-time / timeliness properties

27
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Problem Instance: Timeliness

component based
software engineering

Derive timing of a system from timing of its parts.

¢,

C,

There is interaction via shared resources.

25 Sec | . |

17 seC%?“i

———————————————————————————

___________________________

28
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Discussion
- Take 4 minutes to think about a solution

- What are the complications
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Complicating Factors in Compositional
Reasoning about Extra-Functional Properties

The property is not determined by the application software only

———————————————————————————

But also by the platform S
- platform may be OS + run-time environment |
- in particular the resource management

- Scheduling
- Memory management

The information supplied by C, and C, .
is not sufficient to reason about the R
composition of their extra-functional properties. ]

Platform

__________________________
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A Scenario-based Approach to
Predictable Assembly

Based on research with
Johan Muskens & Egor Bondarev

as part of the ITEA projects Robocop and Space4U

32
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aviour model

requires 12
requires 13
provides 11{

“operation £

uses 12.g
uses 13.h
behaviour
opera

Resource claims7/+releases

are modeled explicitly

Behaviour forms a
partial call graph

Cc2 12

Operation T resource use:
claim 100
release 100

o 33 J
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Model Assembly: Phase 1: Structure

- At bind-time, the decision is made which services
are composed to provide the implementation.

. Press button ‘f’ . fis provided by s;

CE -+ s, needs g and h
S - g is provided by s,
947 %h - s, is done
O Q_ - his provided by s,
S> S3 - 55 heeds j
J47 - j is provided by s,
Q_ - s, is done

S4

34
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Model Assembly: Phase 2: Logical Behaviour

Combine the behaviour models of the operations used

Press button ‘f’ operation f calls:
S2.9; S2;g; S3.h; S3.h
f
?
51 > >
9 )b 9 g h h
}) (L SZ é(cl,rl) é(cl,rl) :
7. S3 S5 el gl
v
& il
S, S, HNGRONGAY

35
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— 0 : Init 1: Do Task X
o Service A Service A Service B Service C Service D
@2) 10 10 5 5 2
_| Service B —
@3 5 (25,25) > ~
_ Service C (5:5) 32
@y J 5
» . (3.4)
(10,1'0 Service D2 (1,1:|
— 2:Di i .
pose Annotations:
Service A Service B Service C Service D .
10 5 5 e, — - Nr of Resources needed for creation of
63 (1,1)=4 instance
> L5
o0 o - Nr of Resources that are claimed
before / during operation execution
- Nr of Resources that are released after
K 36

/ during operation execution
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Concatenate Scenarios

component based

software en

gineering

— 0 : Init —1 1: Do Task X
~=1 =
: c | : d |
I . . .
| Service A |ty vy S 0SS 0 O S -:c+12 I Service A Service B Service C Service D L
@2) 10 o 10 5 5 2 |
Service B b _— sl
> s~ f-mmmmmmmmm—— | (25,25) > ————————— - ———— = — d+30|
@3) . [ g Agreoo oo s peeeess ¢33,
Service C [ (5.5) 32 [
L Tl e des2r g f (1 | e ————— = — d+31|
@ S I [
l : : e e I dr26 |
———————————————— -|c+26 | | |
: : - ———————— 4 ——————— I a9 |
=== —— — = — F— — —lc+23
> : | BH - ————— — ¢+30
™ Service D |- @ :r Lo
(10,10 |
2 | 11 (A p—e————— — d+29]
| : ———————————————— :: d+25:
————— eszs | e | d |
rr """ " " 7 - ———— Te+23 | | |
_1 L_1
1
|
1
— 2:Dispose '
1
|
1
Service A Service B Service C Service D !
10 5 5 2 .
T N H 1
» o '
(55) (1,1)'4_ _____ v
(3~4)V - __
1.1)
et e e B R B »
37
do task x do task x dispose
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Dealing with Concurrent Tasks

- Task based accumulation of resource consumption

- Accumulation of per task resource consumption
based on scheduling policy

. Ta

Video Audio

Tr Ld) |
ileReader — DBuffer C‘ Decoder
TN
\ \\

- Tv

Audio N Vide
Nee_ded_for &Coder - Buffe<: |3 D

- Timeliness

— CPU utilization



technische universiteit eindhoven S;aznvsfen:::ti:is;?n
I U e [ faculteit wiskunde en informatica 9 9

Composition of Execution Behaviour

- Map ‘logical’ behaviour onto concurrent tasks
- model triggers from the environment (statistically)

f environmental triggers:
? ffires 20 times/sec
map logical behaviour l 2 |
onto OS threads g? 47h
P/ 2
e
model resource e j g-

management policy S
e.g. scheduling

— additional complexity: synchronization between tasksss
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Phase 3: Execution Behaviour
51;

v
—
v

U,

\ 4

g'g h b I Vv
S, iel, rhicl, rl) : T, §(cl,rl) ‘ U, icl,rsl) i(cl,rl?
53 (cI rI) (c. ) T3 i(cl,r.l) i :

\ 4

A\
\

v

54 v(cI rl) (cI rl) T4 i(cl,rl): U3 i(c!,rl) i(cl,rl):

' Resource Management Policy |
‘ e.g. scheduler | e.g. Round Robin,
EDF,

gi pi Vi gi a. W hy ri Vi h
ielrh i) Ml e € e i D

l‘y > .. €1C

17 2 253 40

Resource
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2. Composition of Logical Behaviour 51

claim 100 I B

release 100

of whole system (resource R.

— threads - S
- resource mng policies T T ;
| RM
] platform .

4. Analyse

component based
software engineering
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£~ Resource - CarNay_Arch5_Scenl.scenario - Eclipse Platform - IEI |£|
File Edit Miew HMavigate Search Project Run Window Help
|F-BER& | B|&-S|x-[o2]ve--] L
iz Mavigator » x || useCasel.uud [Depll.udd X]%?Compl.upd |%Duse.uud
By | A Ao 0 B
-
o o4F
E-laF ScenarioCemo
B .project | Made1 ‘ ——
CarMay A ‘l | _'I—I
CarMay_Ar
----- . Tl woorkFlo EECarNav_ﬁ\rchS_Scenl.scenario b ]DMyScenario.scenario ||:|My5cenari01.scenario ||:|My5cenari05.scenario |[ICarNav_.ﬂrchS_ScenZ.scenario

k] MyScenaria
-~ 2hd MyScenaria
1k MyScenario
—£8 MyScenario
2 MyScenario
I'_—'IE‘J UseZase
== uml
.classpath
----- projeck
Compl.upd
Depll.udd
use,uud
g UseCasel.u

Edit the whole scenario

N

iy Matrquee

s Edge
w—a TriggerLink

== Servicelnstances &
CreateServicelnstance
SelectServiceInstance
ProvidesPort
RequiresPork

Operation
=~ Triggers > -
Trigger

== Processingdctions #

ml
1P grammelers

|+

v

34— Simulate with RMA

4| l i
Scenario I
=] Properties B = v ®
Propert: I Value I
id wll012943433160
Mame Carflav_archS_Scenl

Tasks lProperties ‘
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Evaluation of the prediction method

- Compositional (supports third-party binding)
. Can be applied to different types of resources
- Support different types of analyses (Worst, Best, Avg, ...)

- Can be used throughout development cycle
(design / implementation / deployment).

- Scenario’s
- Do not give 100% guarantees as usual in formal methods,
- Focus on what is important
- Allow incremental accuracy & trade-off with effort invested

- Can be used in ‘lightweight’ manner .
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Composability Property Classification

/.

Directly composable properties. A property of an assembly
which is a function of, and only of the same property of the
components involved. E.g. cost.

Architecture-related properties. A property of an assembly
which is a function of the same property of the components
and of the software architecture.

Derived (emerging) properties. A property of an assembly
which depends on several different properties of the
components.

Usage-depended properties. A property of an assembly which
is determined by its usage profile. E.g. CPU load.

System context properties. A property which is determined by
other properties and by the state of the system environment.

E.g. safety. *
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Evaluating Architectural Alternatives

(A) 22 MIPS (B) 72 kops 22 MIPS 57 kbps
MMI Inst MMI_Inst
113 MIPS 11 MIPS 113 MIPS 11 MIPS
NAV Inst RAD Inst NAV_Inst RAD_Inst
72 kbps
260 MIPS
260 MIPS 130 MIPS ML Inct
ns
22 MIPS 113 MIPS -
NAV_Inst MMI_Inst
72 kbps LALAL D NAV_Inst 72 kbps RAD_lInst
RAD_Inst RAD_Inst
©) (D) NAV_Inst
(E)

Sw Component

Hardware node

Hardware link
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Evaluating Architectural Alternatives

260 MIPS

NAV_Inst

RAD_Inst

»”

1r

”

M.Sc. projects

(B) 72 kbps

113 MIPS

(A) 22 MIPS
MMI_Inst
4'#--- ---'}
113 MIPS 11 MIPS
NAV_Inst RAD_Inst

22 MIPS

MMI_Inst

Sw Component

NAV_Inst

113 MIPS

NAV_Inst

22 MIPS

MMI_Inst

130 MIPS

MMI_Inst

RAD_Inst

0

Hardware node

L’ 57 kbps

11 MIPS

RAD_Inst

LI

260 MIPS

MMI_Inst

|I-.)>
RAD_Inst

NAV_Inst P‘

J

Hardware link
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Pareto-analysis of Alternatives

component based
software engineering

/.
-
-

47



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

Concluding Remarks

- Predictable Assembly
- requires
- the composition of independently developed models

- the explicit modeling of the composition logic and the
composition framework.

- enables
- design exploration

48
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Concluding Remarks CBSE

CBSE is a paradigm for design and construction of software

CBSE is aimed at improving development-productivity (reduce
time and effort)

Components are building blocks that are part of a component
model. May or may not be OO.

If you have components, you can reuse them

CBSE requires changes in development processes and
development techniques
- Separate system development from component development
- Validation & certification are open problems
There are different approaches for composition of software

- Techniques for reasoning about composition are being developed

49
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Concluding Remarks

- What have you learned?

- What would you like to see improved?
- Book/notes/slides/...

component based
software engineering

50
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Discussion / Questions
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Component specification

Component is run-time
unit of structuring

Resource consumption
is modeled per operation

Resource claims / releases
are modeled explicitly

___________________________

haviour of each operation is
odeled using a partial MSC

variable call sequences
can be modelled

52
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Service specification

component c2
requires 12
requires 13
provides 11{
operation T
uses 12.g
uses 13.h
resource claim 100

Operational behavior
forms partial
call graph or MSC

ehaviour
operation T calls:
12.g*
13.h

53
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Dealing with Concurrent Tasks

- Task based accumulation of resource consumption

- Accumulation of per task resource consumption bagled on __

scheduling policy

vaso g Ao
\ - ) er || y
\Decoder [| ) 1 menderer”
\ -
T Td— | [
1\:|/|Raader7\ Ruffer (/7 Decoder\‘
I ‘
; 1 ° 2 s 3 “‘ AUd IO \ BJffe r/’"/’ N 777vd7éb"j,-\<‘
T1.£f ‘Decoder [ | _H Renderer”
IZ.g
T I3t —
I3.h ’ \1 52
e e I1.
[ _h_

(5 ((10 2 8) ® 2))

(5@ ((10 2 8) ® 2))

=3

I -g*m‘\
— - I -
e S
— (4 x 25,4 x 25,4 x 25,4 x 25)
-——
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Evaluation of the method

- Compositional (supports third-party binding)

- The method can be applied to different types of
resources

- The method can support different types of analyses
(WC, BC, ...)

- Method can be used throughout development cycle
(design / implementation / deployment).

- Scenario’s
- Do not give 100% guarantees as usual in formal methods
- Do allow incremental accuracy: focus on what is important

55
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Spectrum
high configurability
A
ERP, CRM
monolitic frameworks composite
) components "

Other axis: Extensability?
\ 4

low configurability

56
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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

57



technische universiteit eindhoven sg%;nvg:)engggt;i:aese??ng
I U e [ faculteit wiskunde en informatica

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.

58
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