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Extensions and Annotations

Software Architectures

o Aspects:
Semantics
Concurrency
Distribution

semantics
annotations
of log. arch.

Aims

]

logical architecture, an
idealized built plan
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further comp.
for expr.
distribution

o Further important aspects yielding to extensions of /
annotations to architectural languages:
not further isolated view but details of ex. architecture

o There is not one architecture but a series, for example

concurrency
aspects due
to distribution

further trans-
formations to
ensure
efficiency

f

built plan of the built system
physical or “concrete” architecture
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Extensions and Annotations Software Architectures

Contents of Chapter 7

7.1, Expressing Semantics
7.2. Concurrent & Embedded Systems
7.3. Concrete and Abstract Component Connections
7.4.  Architectural Styles
7.5. Expressing Distribution
7.6. Deployment
to be elaborated:
nonfunctional properties of systems
efficiency transformations
concurrency properties

commonalities / differences of program families

etc.
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Extensions and Annotations.Expressing Semantics

operations

signature:
sort / ops part
partial / total
functions

preconditions

equations

semantics of ops
by determining
mutual relations,
assuming preconditions
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end spec ITEM_STACK_TYPE

Semantics of Components (Example adt module)

spec ITEM_STACK_TYPE
-- imports of other specs are necessary, e.g. of ITEM
sorts ITEM_STACK_TYPE

-- export interface:

NEW: > ITEM_STACK_TYPE

PUSH: ITEM x ITEM_STACK_TYPE | > ITEM_STACK_TYPE
POP: ITEM_STACK_TYPE | > ITEM_STACK_TYPE

READ_TOP: ITEM_STACK_TYPE | > ITEM
IS_EMPTY: ITEM_STACK_TYPE > BOOLEAN
IS_FULL: ITEM_STACK_TYPE > BOOLEAN

-- preconditions of ops such that alg. spec. holds

pre POP(ST: ITEM_STACK_TYPE) = not IS_EMPTY(ST)

pre READ_TOP(ST: ITEM_STACK_TYPE) = not IS_EMPTY(ST)
pre PUSH(EL: ITEM; ST: ITEM_STACK_TYPE) = not IS_FULL(ST)

for all EL: ITEM, ST: ITEM_STACK_TYPE:
IS_EMPTY(NEW())

not IS_EMPTY(PUSH(EL, ST))

not IS_FULL(NEW())

not IS_FULL(POP(ST))
READ_TOP(PUSH(EL,ST)) = EL
POP(PUSH(EL, ST) = ST
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Extensions and Annotations.Expressing Semantics

Software Architectures

3a: textStream::close()

la: textStream::open(textSName,

ReadOnly)

" adt

TextStream
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fo

FrontEnd

2: Scan(textStream;,

fo

tokenStream)

e

Scanner

/ \
{{2.1: eval textStream::isCharAvailable()

2.2: textStream::read()}

5

Specifying Component Interaction by Traces

1b: tokenStream::open(tokenSName,
ReadWrite)

3b: tokenStream::close()

2.3: tokenStream::

TokenStream
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Extensions and Annotations.Expressing

Semantics

Software Architectures

la: textStream::open ({

FrontEnd Scanner

extSName, ReadOnly)

Alternative Sequence Diagram ?

TextStream

1b:to

.
-

kenStream::open(tokenSName, ReadV|

Vrite)

TokenStream

2: Scan(textStream, tokenStream)

[
-

{{2.1: eval
textStream::isCharAvailable()

A

2.2: textStream::read()}

.
-

2.3: tokenStream::write(token)}

A

3a: textStre

am::close()

\

3b: tokenStream::close()

\
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\
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Extensions and Annotations.Concurrent & Embedded Systems Software Architectures

Annotations for Concurrency

p process
has own thread

—h
—h

Buffer

mutual exclusion of
all operations

derived “process description” = synchronization protocol of a data structure
other protocols:
protected objects / types of Ada 95:
parallel readers if no writer

etc.
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Extensions and Annotations.Concurrent & Embedded Systems Software Architectures

Necessity of ft Modules

o More than one producer / consumer of same behaviour

o fmodules (objects) by replication or good reason for
ft modules ? both solutions

o ft modules, if number of producers / consumers (not) known at development

time g ~ _f  number of producer / consumer
buffers not to be seen in

/ architecture

C1 PR C

1p \ adt/
sp

B

PR1

PR

-~

f
/
sp c2
/
sp

solution with producer / consumer types

PR3 C3
B2
" \ ) ado/

B3

solution with producer / consumer objects
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Extensions and Annotations.Concurrent & Embedded Systems Software Architectures

1) f
Stop
System

component only
for stopping
system: control
functionality
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get encoded
characters

Denoting Start / End in Embedded Systems

Transport
~ (5)
f f P
Prod Decode
rogucer R and_Print
(4) ado/ \ a;do
| enqueue Line
dequeue
Buffer sp = protected
_ object

one possible shutdown realization:
other components

now get additional (1) Press Button: entry call

control functionality (2) Stop Entry of Producer is activated

(control process (3) Producer stops working

entries in Ada) (4) Stop sign put on Buffer

_eithﬁr_explicit or (5) Decoder stops himself when reading this sign
implicit
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Extensions and Annotations.Concrete and Abstract Component Connections Software Architectures

Usability as a Logical Concept

either local,
general, import

\ inheritance

body uses a service of next interface
(or interface uses a type of next
interface)

that up to now means to call a
function / procedure

being the service of a f, ado, adt
- V module

Service with “calls* we up to now combine
that caller waits until callee has
finished and then proceeds
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Extensions and Annotations.Concrete and Abstract Component Connections Software Architectures

Different Concrete Forms of Usability
continue
working get event, trigger, .

_ A signal, execution, send A ?et signal
getting interrupt signal for or et
signal that something has activation compietion

can if callee happened together
mean is ready with parameters
or or
V vV \
activate the same different
service situation with forms
activation only as left
entry call once
coroutine call
task activation
v
t_act signal
—> Different forms of concrete usability !
Make annotations at usability edges, e.g.
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Extensions and Annotations.Concrete and Abstract Component Connections Software Architectures

“Reverse" Use by Callbacks

Client C Client

Client C is asking

if (state “top down* for some
change) state change then
then act doing act

registering: callback act via
get procedure procedure pointer when
pointer of act statechange happens
stchange
State State
delegate activation
disadvantages: to that component
e asking often, change seldomly which “knows™ about
state changes
happens
e if state is also changed by
L other clients: don’'t know when
Applications:

GUI User has clicked: Bind Application function

Active Databases: Bind change or repair action
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Extensions and Annotations.Concrete and Abstract Component Connections Software Architectures

“Indirect” Use by Dispatching

/ indirect use
{>Fm eth ()

Client Subclass
C2

meth () |C1 where to go
Superclass is denoted

client calls superclass, e.g. when handling objects of an inheritance hierarchy

superclass “calls“ subclasses via dispatching
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Extensions and Annotations.Concrete and Abstract Component Connections

Software Architectures

_—

Dynamic Use via Broadcasting / Registration Service

“‘dynamic® usability of act1, act2
of Comp1, Comp2

~actl on e | Comp?

Evente, € Broadcasting

Producer 1 Service
Events |

Event e, e” I |

Producer 1

register for
getting event
e at runtime
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“Dynamic* use should be planned at design time

act2 on e

Only dynamic uses corresponding to planned ones ?

Analogously when building pure event-based systems

Comp?2
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Extensions and Annotations. Architectural Styles Software Architectures

Specific Application-oriented Notations

0 Show extensions of our Architecture Languages
thereby restrict on graphical form

o Show Mapping on our Architecture Languages
—> extensions are used as abbreviations

o Styles:
Pipelines
Data Flow Architectures
Loosely Coupled Systems
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Extensions and Annotations. Architectural Styles

Software Architectures

f1 f2

f3

input

Pipelining Architectures

1 execute pipe once
discrete l control comp.
case

5%
g Pl o
ado

RWTH Aachen University 16

continuous
case

ado /

» output

the result of f1 is input to f2; the result of f2 ist input to f3; ...

discrete calculation / continuous calculation

l execute pipe

Y
TN w

results to next
component by entry

take next input when
f1 has completed
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Extensions and Annotations. Architectural Styles Software Architectures

Data Flow-Oriented Interaction

active active
Comp.1 Comp.2 data flow-oriented architectures
are used in embedded systems
74 have usually “cycles”

Ko channel of finite or “infinite” capacity
¢ general signal, or distinction between data or control signals
¢ different semantics for production / consumption:
a new signal destroying an old, a consumed is deleted / not,
continuous / discrete signals due to production / consumption,
and / or for incoming / outcoming data flows

Such a notation can be regarded as abbreviation of our notation

explicit\ Control [ 1t / This allows also to
control added ~_ - formulate cycles
Producer [ f fr | Consumer
p p
sp

—> new forms of diagrams to be translated to usual architecture diagrams

RWTH Aachen University 17 Prof. Nagl, g Informatik 3 (Software Engineering)



Extensions and Annotations. Architectural Styles Software Architectures

Indirection via Loose Data Coupling

control
now explicit B B
system or ‘ Control f ;
Cl \ /
component C2 \ y
N 1.1~ 1.2 R4
D> ~N <5 TN -
~ < = ~
C1 ~ - _ - - Cc2

file C2 if C1 has produced
result as file, database
etc.,
d

then C2 is started

file

coupling two
sequential systems
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Extensions and Annotations. Expressing Distribution Software Architectures

Suitable Distribution Lines

o Where to cut ? Characterization:
» clear areas of concern
» loose logical coupling: small interface, little knowledge of the other side
» low communication rate

o Example for interactive information systems

Control

/ Main application components

free of presentation and storage

all presentation

details here
|
|
Ul .
Underlying all storage
Data Base details here
Thin Data
Client Server
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Extensions and Annotations. Expressing Distribution Software Architectures

Client N

"

call, e.g. RPC

Annotation for

Annotation for distributed

infrastructure, e.g. CORBA / /

Distribution and Communication: Further Components

Distribution Mechanism: RPC as example

Client n

corea

dt f
SServerStub

Marshalling Unmarshalling

SClientStub

RPC Basic

] RPC Basic
Services Services
client — side server — side
components components
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Extensions and Annotations. Expressing Distribution

Software Architectures

simplified:

a buisness process
means to activate
one buisness
component

Distribution and Induced Concurrency
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main buisness
i f2 fN components
distributed
RPC RPC RPC
CORBA CORBA CORBA
\J
Data synchronization
Server protocol needed
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