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Abstract. This paper describes a system design frameword@ that allows

to model together the functional application, tleedware architecture and the
embedded software. It relies on a commercial CAB& that provides a

graphical design entry by the UML, we added codeegation capabilities to

produce an executable model based on SystemC dratliced a reverse
engineering flow. We use UML as higher system-ldaelguage; it works in

synergy with lower level implementation languagé#C++ and SystemC. As
experimental results we present three examples: Singple Bus (1), the

OCCN(2), and the 802.11b(3).

1 Introduction

This work is originated from the need to have agfeow for SoC, which starts at
high level and integrates embedded processors, mesmand hardware. We need a
design flow that derives a functional executabledeidrom the specification, maps
the functionality to hardware and software, refittes hardware parts through a set of
abstraction levels, and compiles the software fdinal co-simulation model. The
software part can either be simulated on a traisadtmodel of the hardware or it
can be compiled and simulated on an InstructionSsmulator. For such a design
flow we need a language that spans all the neexlexdsl of abstraction. We envisage
UML [1] as the system specification language. Evénit was born for the
specification, design, validation and documentatafnsoftware artifacts UML is
evolving to model the entire system. We envisagsteédyC [2] as the system
implementation language, since it provides an antwehe basic needs of system
level design.



2 The design environment

Our design environment is based on a tool supmptdML 2.0, since only this
version provides the needed features to model thsterm structure. Our
implementation is based on Enterprise Architectff8in Sparxsystem. We add new
features to UML to describe more complete systendetsomade of hardware and
software. This enhancement is obtained by profilfirgt we defined a UML profile
for SystemC. Our UML profile for SystemC [4,5] alle describing structural and
behavioral features using class, composite claggects and extended state machine
diagrams. It models SystemC components by classaskenh with the proper
stereotypes (modules, channels, interfaces, pBefavior is modeled by enhanced
state machine diagrams, where we added a set efraots to model the control flow
and we enriched the semantics of states so thatctoe contain SystemC statements.
These behavioral models are conceived for codergéoe, as far as an isomorphic
SystemC implementation can be easily derived otieri. The structural description
is completed by the composite structure diagramsdbscribe the connections of the
system components and by the object diagrams timhio also the actual parameters
of the objects. We provide a design environmentrevfmoth the application and the
architecture are described together in UML. Systemi@dels the hardware
architecture within UML and provides the overalsgm simulation environment.

Fig. 1. Design environment

In Figure 1 the design environment that we wanprovide is shown. Components
visualized inside dashed lines are still under graent. The tool consists of two
major parts: a development kit (DK) with design alevelopment components, and a
runtime environment (RE) represented by the stah@ystemC execution engine.
The DK consists of a UML 2.thodelersupporting the UML profile for SystemC and
translatorsfor the forward-reverse engineering to-from C++t8ysC.

To provide a more complete environment for HW/SW-design, we add the
capability to describe also the software applicatithe application is still modeled by
class, state machines and object diagrams by aofilepof UML. In our vision the
application model are divided into different groupgplemented as threads for an
RTOS (like eCos or linux pthread) running in th@gassor or in a multiprocessor
platform. Driving by the idea to facilitate an MD#ansformation between the two



profiles, we build the C profile keeping it verysk to our SystemC profile (i.e. state
diagrams are used to define the behavior) Therefiwe C profile has the same
diagrams of our SystemC profile, with the addit@frthe sequence diagram to model
the scheduler that performs synchronization aneéduling of threads. This is still an

on-going activity: the profile is almost completéxdit no tool support is ready yet (the
dashed line in fig.1).

2.1 The modeler

The modeler is built on top of Enterprise Architl€f\), version 4.5, a commercial
UML visual modeling tool by Sparx Systems [5]. Angoall the tools on the market
this one seems to be most suitable for our purpds&ssupports UML 2.0 and the
UML extension mechanism. It has state-of-the-arvettjoment including XMl
import/export to allow model interchange betweerolsp and forward/reverse
engineering in the C++ programming language. Th&reowever no reason to use
other tools supporting UML 2.0 and the standarcemsibn mechanism of UML
profiles.

We introduced the SystemC UML profile definitiontin the EA tool exploiting
the Profile section of the UML toolbox, and savedhia XML file, with a specific
format, for use in UML modeling. The editing tagkcluded creating the profile
package, defining the stereotypes and the metasldlsy apply to, as well as tagged
values, constraints and alternative stereotype ésag

Fig. 2. A thread process pattern

To start a new design project, the XML file of a UMrofile has to be imported
into EA. Once imported, the user can drag and grofile elements onto the current
diagram. EA will attach automatically all the exd@ms (tagged values, default
values, etc.) provided by the profile. Stereotyfoeshe SystemC building constructs
(modules, interfaces, ports and channels) are ablailto be used in various UML
structural diagrams such as UML class diagramscanaposite structure diagrams to
represent hierarchical structures and communicdilonks Behavior is modeled by
the use of special state and action stereotypeshwbad to a variation of the UML
state machine diagram, the SC Process State Machites formalism has been



appositely included in the profile definition to del the control flow and the reactive
behavior of SystemC processes (methods and threaitlsin modules. A finite
number of abstract behavior patterns of state mash{6] have been identified.
Figure 2 depicts one of these behavior patterngtieg with the corresponding
SystemC pseudo-code for a thread process thds (ipt initialized, (i) has both a
static (the event list els, ,..eNs) and a dynamic sensitivity (the state with th
stereotype keyword wait), and (iii) runs contindgu®y the infinite while loop).

2.2 The code generator

Code Generation Facility Driving is one of the kdgas of the OMG’s Model
Driven Architecture [7]. The goal is to model oneed generate everywhere: models
are used to build programs by model transformatignglatform-independent model
(PIM) is created in UML without technology depenteetails. The PIM can be
mapped to a platform specific model (PSM), whichntams design and
implementation details; the PSM is then implemeiteal particular coding language.

Modeling tools support code generation in diffeneats. In [8] three categories of
code generators are identified according to theedegf completeness of the model
and of the resulting code: skeleton generatiortjgd@eneration, and full generation.

For our SystemC code generator we followed a fefiegation approach. The EA
already supports partial code generation to C++.adted the capability to generate
complete SystemC code from UML models for bothcitmal and behavioral views.
For this purpose, EA provides automation and sagpinterface to customize its user
interface and the templates used for code genardties based on the Windows OLE
Automation (ActiveX) technology: all environmentapable of generating ActiveX
COM clients are able to connect to the EA automaitiverface, and this involves also
Microsoft Visual Basic 6.0. Alternatively, the XMinport/export [9] facility can be
exploited to extract the model information requiredgenerate code for a target
language. Although this second solution is moreegan(it should be independent
from the particular UML tool used), the first ore the most straightforward for a
rapid development of a code generator. So we décige rely on the EA
automation/scripting interface.

We developed an EA add-in in Visual Basic 6.0 whiekploits the added
semantics in the profile definition to generate t&ysC code from input models
written in the SystemC UML profile. This applicati@an be invoked from the main
menu selectingools | SystemC . It is possible to generate code from the model,
at package level or even for single diagrams. i&taftom the selected element in the
EA project browser (project, package or class diagrthe code generation analyzes
the underlying hierarchy of views generating theregsponding mixed C++/SystemC
code. The code generator traverses all class diesgaad for every encountered class
it produces a header file (.h). For each methodaioed in a class, it is possible to
describe its behavior either as an inline code rij@gan or as a state machine
diagram. The state machine diagrams contributeeteeigate and enrich a single body
file (.cpp) that contains the implementation cod@lb methods of a class or module



or channel. The composite structure diagrams afetbHiagrams are used to derive
the module constructors in the header files.

For the SW part, we are working on the C code exgging and on how to support
the specification of multiple tasks and their maugpon abstract RTOSs models by
including precise modeling primitives directly akl level.

2.2 The reverse engineer

We decide to rely on the XMI [10] import facilityo extract from the code all the
model information required to have a coherent regmtation according the profile
defined, since the EA automation/scripting integfalmesn’t allow a fast development
(we need to modify the parser from a generic C+decm a C++/SystemC code). We
develop a stand alone application in Java. Thewnsoét is made of three parts: a
parser, a data structure and a XMI writer. The grafer C++/SystemC is build using
the JavaCC tool [10] and taking as a starting pihi@tParSyC [11] grammar file. The
component accepts both SystemC code which is &akinto constructs of the UML
profile for SystemC and C++ code which is traresdatio UML classes (including the
behavioral description). The XMI writer finally gaduces a UML model that can be
imported in the EA tool: for every file .h the tgmoduces a relative class diagram an
for every .cpp file a relative state diagram. T¢I file can be imported from the

main menu selectindgProject | Import/Export | Import Package
from XMl....

The reverse engineering facility allows us to impexisting models into our
environment and to achieve rapidly a high numberdesign cases. It is also
indispensable to allow round trip engineering, Whig the synchronized cooperation
with code generation (forward engineering) to catwlthe description of a model
working on both the UML model and the code. Itlmauseful in practice as a tool to
inspect the structure of a source code graphicals tool is a powerful help for IP-
reuse and component based design, where the dalsigre mainly consists building
complex architecture from basic existing IPs (tw@ild be automatically imported.)

4 Case Study

As experimental results we present three examples:

(1) The Simple Bus is a transactional level exangssigned to perform cycle-
accurate simulation; it implements a high perforoggrabstract bus model. It contains
the three master blocks (blocking, non-blockingnitar), two slave memories (fast
and slow), the bus connecting masters and slavesytiter and a clock generator.
Masters issue transactions for the slave memdniesigh the bus. We described this
model using the UML profile for SystemC testing code generator on it. The UML
model is isomorphic to SystemC; the generated dedelentical to the original
SystemC model.



(2)The On-Chip Communication Network (OCCN) prasdan efficient modeling
of network on-chip (NoC) based on an object-orign@t++ library in SystemC. It
spans multiple abstraction levels, from functionaltransactional, to clock accurate,
to register-transfer models. OCCN is the main fesbur reverse engineering flow.
The design was in fact imported in the environmanthe reverse engineering flow
and then the model was adjusted within the Entsephirchitect tool. OCCN contains
a mixture of SystemC constructs and C++ classessitbation is also complicated by
complex inheritances and template classes.

(3) In [12] we already described this applicatiexample related to a system
composed by a VLIW processor developed in ST, ddll¥, with some dedicated
hardware for an 802.11b physical layer transmited receiver. We provide the
UML model of the application description and itartslation to C/C++ language, it is
will be encapsulated as a library functions in a lUklass. This class provides
through ports the 1/O interface of the softwareetayo the hardware system. The
software part will be executed by the LX ISS: a I&&apsulation in UML is also
provided, in order to represent all the elementhefsystem.

4 Conclusions

This work demonstrated that you can build a systemironment taking advantage
of general CASE tools based on UML that can eds#yintegrated in a design flow
thanks to standard formats to exchange data suéiMasRelying on other standard
notation as SystemC allows integrating the dedmgm in a refinement design chain to
implementation. The flow is completed by point ®&r code generator and a reverse
engineering. About the future enhancements we pdawork about a refinement
methodology that allows going through differentdksy both for the hardware and the
software part.
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