





)

The behavioral model of a SIS lies in a detailed use-case specification of all the use
cases of the functional model. A use-case specification should detail for each use case [4]
its actors, stakeholders and their interests, pre-conditions, post-conditions, triggers, main
success scenario (MSS) and alternative scenarios. The scenarios are written as interaction
sequences between the SIS and its actors. If the scenario is written in such a way that
every action taken by the SIS is allocated to one of the SIS elements, a full consistency
is obtained between the behavioral and the structural model. A textual scenario may be
replaced by an activity diagram. In this case, swim lanes provide the functional allocation
to SIS elements.

CSCl level modeling

The advancement from the SIS level to the CSCI level is not simply tree decomposition:
Although we separate hardware elements from software elements, they remain very
dependent upon each other, because software can never execute without being installed
on a hardware platform. Therefore, although we virtually try to model the software as an
independent entity, the hardware always participates in the model.

A functional model, in the form of use-case diagram may be generated for each CSCI, in a
fashion similar to the upper level. The use cases are software processes, derived from the
behavioral model of the previous level, and the actors are directly associated with parties on
the other sides of links leaving the HWCI on which the CSCl is deployed.

The structural model (software architecture) of a CSCIl is a component diagram. A
component (CSC) in UML is considered a "black box" that provides its functionality via a set
of provided interfaces. When necessary, a component acquires external functionality from
other components via required interfaces. When two components reside within the same
CSCI their mutual interface is represented by an assembly connector. However, in order
to communicate with components out of the boundaries of the CSCI, or the HWCI on which
it is installed, the component must delegate its interfaces to a software or hardware ports.
Therefore, the software architecture of a CSCl is actually a component diagram within a
part with ports, with interface delegation relation. A schematic example is shown in Figure
5(a). The structural consistency between the software architecture and the SIS architecture
is obtained when each link of the relevant HWClI is clearly associated with a port.

Although CSCs (software components) are "physical" entities, each one is very much
associated with distinct functionality. Therefore, a more appropriate behavioral model would
be a set of sequence diagrams, expressing the interaction between the components
which implement the various scenarios of software processes. The consistency between
the structural model and the behavioral model is achieved when every message from
one component to another is clearly transferred through an appropriate provided/required
interface. A schematic example is shown in Figure 5(b).

21 | 2010 "1' NN 717

\




)

CSC-1 CSC-2 CSC-3
CSCI-2 / HWCI-1 % %

remote comp.
|

st |-O— csei|-O— csod N | |
|

1.2
] 1.3
1.4
15 <--TTo-
delegat 16 STt
«delegate» g — == = =

equipment
1

«delegate» «delegate»

«delegate»

|

L [
internet LAN RS232 1 :
I

Figure 5: Schematic partial CSCl-level modeling: (a) architectural model, (b)
behavioral model

CSC level modeling

The main conceptual difference between a CSC and a CSCl is that while a CSCl is crafted
in the context of a specific system a CSC should be as context-free as possible. The actual
application of this concept is provided by modern software architecture schemes such as
dotNet and CORBA. The open source community contributes its significant share in providing
reusable software components. In an ideal world a SIS development project should not be
bothered by CSC and unit level development, but rather expect to build the system from
off-the-shelf software components. Nevertheless, even if software components are to be
developed as part of the SIS project, the conceptual view on software components should
persist.

At this level too, a use-case diagram can be useful for the functional model of a CSC,
provided that the CSC functionality is rich enough to justify such model. In any case, the
functional elements of a CSC are directly derived from the behavioral model of the previous
level, as the set of all messages directed towards that CSC.

The structural model of a CSC reflects the detailed design of the software, and therefore
it depends much on the selected paradigm, with UML being best employed for Object
Oriented Design (OOD). Under this paradigm the elements comprising a CSC are objects
(in run time), which are defined by classes. Thus, the structural model of a CSC is a class
diagram, containing all types of associations (inheritance, composition, aggregation etc.)
among its elements. Consistency with the structural definition of the CSC from the previous
level is obtained by defining <<interface>> classes to which the definition of the appropriate
interface is allocated. Specific implementation of the methods of <<interface>> classes
should include, for example, those which are invoked by interrupts, arriving at the delegated
port.

The behavioral model of a CSC depends on the nature of interaction between the objects
during the CSC operation: A CSC which involves interaction among a number of objects
would better be modeled by sequence diagrams, whereas a CSC whose nature of operation
is reaction to events would better be modeled by a state-machine diagram. A schematic
example of structural (class diagram) and behavioral (sequence diagram) models of a CSC
is shown in Figure 6. It should be noted that while a class diagram is structured of classes,
associated sequence diagrams reflect communication among objects derived from these
classes.
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Figure 6: Schematic partial CSC-level modeling:
(a) structural model, (b) behavioral model

CSU level modeling

It should be reminded, that the end-product of software development is not the source code,
but rather the executable machine objects (e.g. ".EXE"), obtained by using compilers and
linkers. A high-level programming language is, therefore, a modeling tool of its own, providing
means to describe data structures and computational algorithms in a level of abstraction
higher than machine op-codes. The functional model of a CSU is reflected by its API (e.g.
".h" file). The structural model and the behavioral model are reflected by the declarative
constructs (data structures) and the computational constructs (program blocks).

Advanced UML tools have the capability to derive source code directly from the model. In
the ideal case no manual programming is needed. Reality, however, shows that the "human
touch" is still needed. The problem is that once a tool-generated code is modified manually
it loses its consistency with the model. In order to overcome this situation most of the UML
tools are equipped with a reverse-engineering capability, which enables to generate models
back from the code, or, at least, synchronize the two.
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Test-Configuration Modeling

The classical V-shaped life-cycle model (e.g. [2]) starts with stakeholder needs, expectations
and constraints, goes through analysis and design all the way down to implementation, and
then climbs all the way up to operational deployment through a series of integration and
test stages. The conceptual modeling framework described above follows the descending
part of the "V" (Requirements Definition, Analysis and Design), breaking down the system
into smaller elements at each level. The set of models resulted by this process refers to the
configuration of the system in its operational stage, after being delivered to its customer and
deployed in its operational environment. The fact is, however, that along the ascending part
of the "V" process (Integration and Testing) different configurations are built, in which only
part of the real system elements are integrated, and the rest are replaced, as necessary,
by "stubs" (test components), such as simulators, test-equipment, humans-in-the-loop etc.
These configurations are derived from the operational architecture of the system but they do
not implement it. In our framework we suggest that at each modeling level the operational
structural model will be accompanied by a testing structural model, which includes test
component in place of the operational components, as necessary.

The functional and behavioral models at each level can be used to derive test cases and
test scenarios for that level, in which the test components play the role of the operational
components. Accordingly, five conceptual levels of Integration and Testing can be associated
with the five conceptual levels of Requirements Definition, Analysis and Design. Table 2
presents the scope of Integration and Testing at each conceptual level against the scope
of Analysis and Design of their associated levels, revealing the "V" shape of the entire
process.

Table 2: Conceptual Integration and Test levels

svstem-of- Scope of Scope of
y Analysis and Integration and |System-under-test Test components
interest . :
Design Testing
System in its
. Business Operational environment
Business . s . None
services validation (inc. real users/
operators)
ATE
sis  |Entire SIS SIS Acceptance | g5 v+sw)
HW/SW simulators
Software Stand-alone
CSCl Entire software | Qualification Humans
. software
Testing
"Stub" components
csc One or more Softwarg _ _SW parpal Humans
components Integration Testing |integration
"Stub" units
Csu Soft\{vare units Soft\_/vare Unit Software unit Humans
(coding) Testing
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As mentioned above, a tight relation should exist between the operational configurations
at each level and their associated testing configurations: They have to be derived from the
same architecture. In terms of UML modeling, we suggest that the operational architecture
will be designed first at each level, and then a testing architecture will be designed on top
of it, showing clearly the relations between the two. We demonstrate the approach in two of
the conceptual levels:

* At the CSU level, the unit-under-test needs a "driver" unit, providing stand-alone operation
and test data, and a set of "stub" units, providing essential functionality that the unit should
obtain from other (operational) units. In object-oriented design, where the CSC structure
is reflected by class diagrams, a schematic model of the unit-test environment is shown in
Figure 7(a).

* At the CSC level, where the structure is reflected by a component diagram, a "driver"
component is connected to all the provided interfaces of the component-under-test,
providing stand-alone operation and test data whereas a "stub" component is connected to
each required interface of the component-under-test, providing essential functionality that
the component should obtain from other (operational) components. The same holds for a
partial integration of a set of components, with regards to those interfaces which are not
connected between the operational components. A schematic model of the component-test
environment for a partial integration is shown in Figure 7(b).
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Figure 7: Combined operational and testing architecture: (a) for unit testing, (b) for
integration testing

Modeling throughout the entire Life Cycle

The modeling framework described above covers a single development cycle. Iterative,
incremental and agile development can employ the same scheme by applying iterations at
any desired levels. Models are modified and extended dynamically at any iteration. Higher
level models may be stabilized early in the project life cycle before further iterations take
place.

In this paper we addressed the modeling of the SIS configurations in two of its life-cycle
stages: The operational stage and the integration and testing stage. However, in various
stages throughout the entire life cycle of a SIS, other configurations may be in place. Examples
include a prototype configuration, a maintenance configuration, a training configuration
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and more. Following our modeling approach, all these configurations are derived from a
single general architecture, and all of them should be modeled together, systematically and
consistently, at each of the conceptual levels of analysis and design.

Conclusion and further work

The conceptual model presented here provides a systematic UML-based modeling for all
levels of Software-Intensive System development, while retaining consistency and traceability
within and between levels. This is obtained by applying the recursive standard definition of
a "system" to system elements at all levels.

We limited our focus to the software part of the system and therefore utilized only UML.
Further consideration should be given to the hardware parts of the system, by employing
SysML to cater for more physical aspects of system development.

SysML may also be utilized in further work to describe more formally the modeling process
and concepts.

The topic of other life-cycle configurations should be extended in future work, providing
a holistic view on deriving life-cycle configurations from a generic model of the system.
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Abstract: Effective Industrial Design by IDM — Industrial Design Method

Today, in an era where innovation, user experience and the product’s soft qualities are a
major factor in the success of products in the market, industrial design became one of the
most powerful growth engines in the world economy.

Although the field of industrial design has its origins in the Industrial Revolution of the 18th
century, it was used primarily as a decorative tool. However, the importance of industrial
design has dramatically increased in the last 10 years. Today, industrial design is perhaps the
most valuable tool for companies to achieve differentiation and innovation in the market when
a product is not primarily proprietary technology-based. In the current market, companies
understand that industrial design can provide much more than decoration and therefore
industrial designers are responsible for both product definition and development. It is now
common for industrial designers to act as project managers of R&D projects.

Despite the significantincrease in the importance of industrial design, the working procedures
of designers remained unchanged. Most industrial designers employ no formal methods in
their design process and the main design decisions regarding the product’s soft attributes are
based on the designer intuition. Therefore, crucial decisions related to the product’s and the
company’s success, rely mostly on intuition, without any formal procedures or criterions.

Can free intuition be the main tool for critical decisions taking, which are related to the
product’s success?

Can design guidelines and insights achieved by a systematic method?
Can design testing and evaluating achieved by rational and systematic manner?
This article is suggesting an alternative way for design working, by using an Industrial Design
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Method (IDM). The method developed as a Master study in the Technion and nowadays
implementing in the industry. The method serves as a practical tool for generating innovation,
creating insights, making decisions and evaluating the design quality in the industrial design
process. The main novelty (and the chief development difficulty) of the proposed method
is involved with the product's ‘Soft Attributes’, the immeasurable and elusive attributes that
give the product its character. Now more than ever, soft attributes are the key factors in a
product's marketing success.

The method is aimed at an organized work procedure that incorporates marketing
understanding, stakeholders (users) illustrating, product characterization and design
direction proposing.

The method is used in the industry, implementing by IGLOO DESIGN STRATEGY ™, which
find it very helpful for both the design process and design quality.
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1) Marketing Requirements (Company Centered)

2) Product Characterization (Stakeholders Centered)
2.1) Product Rigid Attributes
2.2) Product Soft Attributes
A. Prospective Target Audience
A.1. Prospective Target Audience Slicing
A.2. Prospective Target Audience Trend Board
A.3. Scenarios Mapping
B. Design Novelty class
B.1. Design Novelty Class Table
C. Product Inspiration
C.1. Narrative
C.2. Vision
C.3. User experience
D. Product Character Attributes
D.1. Character Attributes Table
D.2. Character Attributes Funneling
D.3. Character Attributes Image Board

3) Design Directions (Product Centered)
E. Research
E.1. Image Board for typical competitive/alternative existing products
E.2. Character Attributes Table for typical competitive/alternative existing products
E.3. Design Direction Table for typical competitive/alternative existing products
E.4. Marking the dominant parameters
E.5. Marking the innovation potential parameters
F. Reduction
F.1. Eliminating imposable parameters from the Design Directions Table
F.2. Eliminating irrelevant parameters from the Design Directions Table
G. Design Directions
G.1. Design Direction Table filling
G.2. Marking the innovation potential parameters
G.3. Prompt visualization of chosen design solutions
G.4. Design testing to design direction table and design soft attributes, respectively.

4) Product Design
5) Test & Evaluation
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