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IP-XACT for Smart Systems Design:
Extensions for the Integration of Functional
and Extra-Functional Models
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Abstract—Smart systems are miniaturized devices integrating
computation, communication, sensing and actuation. As si¢
their design can not focus solely on functional behavior, buit
must rather take into account different extra-functional concerns,
such as power consumption or reliability. Any smart system an
thus be modeled through a number of views, each focusing on
a specific concern. Such views may exchange information, and
they must thus be simulated simultaneously to reproduce muial
influence of the corresponding concerns.

This paper shows how the IP-XACT standard, with some
necessary extensions, can effectively support this simalieous
simulation. The extended IP-XACT descriptions allow to moetl
extra-functional properties with a homogeneous format, déned
by analysing requirements and characteristic of three main
concerns,i.e.,, power, temperature and reliability. The IP-XACT
descriptions are then used to automatically generate a sketon
of the simulation infrastructure in SystemC. The skeleton an
be easily populated with models available in the literature thus
reaching simultaneous simulation of multiple concerns.

I. INTRODUCTION
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sions [8]-[11]. Such extensions may allow to include in a
single simulation multiple aspects of the same system, all
implemented with the same language and managed by the same
simulation kernel [12].

The IP-XACT standard for interface specification [13] did
not fall behind. Initially designed for digital IP speciftoan, it
has indeed been recently extended to cover also AMS descrip-
tions, physical design and power characteristics of thg§1Ps
The extensions are mainly devoted to physical charadtarist
of circuit and packagee(g, supply nets, combinational paths,
and compliance with energy conservation laws). They are thu
useful when dealing with the final produetg, to integrate it
in a larger system or to apply further redesign and synthesis
However, the modeled information focuses on too low-level
information, that does not allow to build an integrated dawnu
tion framework comprising simultaneously both functidtyal
and extra-functional aspects.g, power and heat flows).

To overcome this gap, this work shows how IP-XACT, with
necessary extensions, can effectively support the design o

characterized by theismartnessthat is, the ability to learn

in a single simulation framework. The novel contributioris o

from the previous experience and to seamlessly react to tHgis work are:

surrounding environment [1]. This tight interaction withet
physical environment implies a high level of heterogenéity
terms of both components and design constraints. Corrextne
lies indeed not only in the functionality, but also in a numbe
of extra-functional constraints that must be met or optediz
ranging from power consumption to reliability [2]. Further
more, due to their heterogeneity, many different stakedrsid

are involved in the design flow, each focused on a particular ,
set of concerns. This impacts on the traditional design flow,

that must take into account such extra-functional aspects i
all simulation, validation and optimization steps. Thisfés
from trivial, since it requires to integrate models captune
different dedicated languages and tools [3], [4].

Functional languages and standards responded to this-evol

ing scenario with extensions covering new aspects and do-

mains [5]-[7]. As an example, Hardware-Description Lan-
guages (HDL), like SystemC and Verilog, support extra-
traditional domains, such as power and mechanical system
thanks to their Analog and Mixed-Signal (AMS) exten-

This work has been partially supported by the European gr@©NTREX
(FP7-ICT-2013-10-611146).

e the identification of asuitable simulation frameworlsup-
porting the modeling of different views and concerns, to
reconcile different aspects of the same system in a single
simulation framework. In particular, the paper exemplifies
the idea by focusing on three different extra-functional
concerns, particularly important for smart systems design
i.e,, power consumption, thermal dissipation and reliability;

the definition ofextensions to the IP-XACT standattiat
allow to model extra-functional aspects, with the applica-
tion to the identified concerns;

the IP-XACT files are then used fautomatic generation

of a skeleton of the simulation code, that can be easily
populated with state-of-the-art models to reach seamless
simulation of the overall system.

The paper is organized as follows. Section Il provides
the necessary background. Section Il outlines the prapose
approach, that is detailed in Sections IV, V and VI. Sectidh V
concludes the paper with some remarks.

\"



Il. BACKGROUND schemas. Acomponent definitiois univocally identifiable by
A. Multi-view modeling the quadruple called/LNV, composed by the component’s
Broman et. al. in [3] proposed the application of the Vendor Library of IPs,Nameof the component and itersion

ISO/IEEE standard 42010 [14] to the field of heterogeneou comp_onentdeflmnon essentially contains th(_e interfafcarn

systems. The authors considered that any system includde Provided as a list of ports. Each port is defined by a name,

different aspects of interest (calledncerny, including,e.g, & type, a direction, W'dt.h and usage |nformat|on._dAS|gn

functionality, power, temperature or reliability. Stakdders def|n|t|on represents Fhe instances of components in a system

involved in the design flow may be interested in more than on&"d the interconnection between them.

concern,e.g, to consider at the same time reliability aspects Over time, some extensions have been proposed to the IP-

and power consumption. It is thus necessary to produce modeXACT standard. A lot of effort has been spent on extending the

capable of capturing multiple concerns of the same systerfupport to SW and to HW-SW communication [22]-[26]. Ac-

simultaneously. The system is thus subdivided into differe cellera proposed an extension supporting analog-mixethbkig

views each focusing on a specific concern and implementinglescriptions and IP characteristics in terms of physicaigte

a subset of the overall system behavior. Views may exchanggnd power distribution [7]. However, these extensions $ocu

relevant information to reproduce mutual effeetsy, between on the implemented physical circuit, and thus can not be used

power consumption and temperature, or between reliakitity ~ t0 build a runtime simulation environment.

functionality. This must be implemented through an informa A successful support for extra-functional simulation has

tion exchange mechanism, reproducing how different carscer been provided by [9], that extends IP-XACT to the modeling

may influence each other. of power flows. Despite of the similarity.r.t. the current
Implementing multi-view modeling allows to cover multiple approach, [9] limits the scope to the sole power view, thus

views in a single simulation framework, thus covering siiaul  not fully supporting the simulation of a smart system.

neously heterogeneous aspects of the same system. Thig woul

provide a powerful tool to the stakeholders involved in thep, SystemC

design of the system. Despite of being a HDL, SystemC has been widely adopted
. . for the modeling of both digital HW, embedded SW and
B. Heterogeneous.smart -system ;lmulatlon networked systems [27], [28]. This flexibility is realizéthnhks
Approaches available in the literature for smart systemyq the discrete event semantics (that well matches all the
S|mulz_it|0n fage the challenges posed by heterogeneityrand i jentioned domains) and to its being a C++-based language.
tegration of different concerns with a variety of strategiehe  5yever, SystemC is strictly limited to discrete-time d@sc

most straightforward solution consists of integratinded#nt _ tions, thus not covering a wide range of components and
tools, each native of a specific aspect of the system [15]beha,viors of typical smart systems.

[18]. Despite guaranteeing the correctness in the modeling
specific aspects, this solution introduces heavy and gname analog and mixed-signal extensiobe. SystemC-AMS. To

overheads in the integration of the different tOOI_S [12]'_ .. cover a wide variety of domains, SystemC-AMS provides three
Many frameworks have been proposed for simulating dif-jtferent modeling formalisms, supporting different comm
ferent concerns in a single framework or tool. Top-downpication styles and representatioffmed Data-Flow(TDF)
approaches, like Ptolemyll [19], support a number of Model§yqels are scheduled statically by considering their predu
of Computation (MoC), so that any component can be modeleglonsymer dependencies in the discrete time donidirear
with the most sunabl_e simulation semantics. Even if tHB\_m Signal Flow(LSF) supports the modelling of continuous time
to cover also physical phenomena, integration of differennoygh a library of pre-defined primitive modulesd, inte-
MoCs is manual, and reuse of existing components requiregration, delay). Finally, thé&lectrical Linear Network(ELN)
long configuration and integration times. Extra-functicle@-  5rmalism models electrical networks through the insttfdh
tures and orthogonalization of concerns are explicitlly-sup o pre-defined primitives associated with electrical eipue,
ported by the Metroll [20] simulation environment, thaba@ls ¢ ¢ yesistors or capacitors. As such, SystemC-AMS is expres-

to annotate physical quantities into functional desaimii  gjve enough to allow for the modeling of physical quantities
However, Metroll does not ease the reuse of existing IPsgyolution within SystemC models.

designers must convert system components to the Metroll se-
mantics, and to annotate the extra-functional values nmgnua
Other approaches exploit SystemC-AMS flexibility to build L ”I_' ) OVERV'EW

a single framework covering different aspects, rangingnfro A- Application of multi-view modeling to Smart Systems
communication protocols to physical behaviors [9], [21¢wH The goal of this work is to apply the multi-view modeling
ever, this kind of solutions restricts the support to a singl presented in Section II-A to the context of smart systemgiesi
aspect €.g, power [9]) or model extra-functional evolution To do this, we consider a smart system as a set of different
with high-level models€.g, waveforms or physical equations), overlapping views, each focusing on a specific concern. Each
thus missing more complex behaviors like energy flows andomponent of the smart system may participate to a number

The support for smart systems has been widened by its

thermal evolution [21]. of views by providing view-specific models and interfaces,
thus implementing the features of the componentt. a
C. IP-XACT specific design concern. This concept is depicted in Figure 1

IP-XACT aims at easing IP integration and reuse through th&he system is modeled through three views (one for the
formalization of IP interfaces and protocols [13]. It define functionality, and two extra-functional views). The sanwerne
a standard XML format, that supports two main descriptionponent Conponent 1) is provided with one model per view,
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Fig. 1. Multi-view simulation applied to the context of srhaystem design. - {
The system is provided with a number of views, and each cosmomay _I 4. GENERATION OF
provide a model for each view. Solid arrows depict intemviommunication # SYSTEMC I SIMULATION
for Component, while dashed lines depict intra-view communication. 7 FRAMEWORK SKELETON)
¥

each implementing the evolution of the componentt. the (

5. MODEL )
modeled concern. R—‘ II IMPLEMENTATION AND
. . ipe - 4 SYSTEM SIMULATION
Each view restricts the focus to a specific concern of the . J
system.Intra-view communications used to model the ex-
change of information among component models belonging tﬁ
the same viewi(e., modeling the same concern). This kind of
communication is required to share local information gligba
(within the view), and to compute global information abdus t
modeled concerne(g, to reproduce energy and heat flows).
This type of communication is strictly carried by concern-
specific signals and ports (the dashed arrows in Figure 1).

ig. 2. Overview of the proposed approach. Colored boxesesept the
ovelty proposed by the current work.

step is strictly dependent on the system under development,
and is thus entirely manual.

IV. ANALYSIS OF TYPICAL SMART SYSTEM CONCERNS

i . S L The extra-functional characterization of smart system may
Vice-versa,extra-view communicatioaims at modeling in- focus on a number of physical concerns. In this work, we
formation exchanges between different views of the Sys'[en&urrently focus on three main concerns, that are tradition-

_(the solid arrows in Figure 1). T.h's kind of communication lly considered the most relevant physical phenomena [29]:
IS necessary tho model rr}uftual _mflul_ences between dncfere'ﬁowerconsumption (or productionfeating and reliability.
Eggce(;?s&'%hé elaltrper:agkothg:]rﬁgclm(;slz oar;igrc])w_(la_;“c:sonk?rlljén%-f Such concerns, together with functionality, constitute tiost

' o pation. relevant aspects of a smart system, and the main focus of this
communication can employ concern-specific signals andsport,, . “Each concern determines the construction of a specific
but it may also adopt standard signals to represent custor\“ﬂew'Of the system
information that is not necessary for characterizing tmglsi  Table | ; ﬂ'] . ding t h
concems bt rahr o detemine he mutul efectdengnd (JA0 | SPAT 1 Yiews ceresporng o seen copeer

on the information nature. ; .
mutual influencew.r.t. the other views:

B. Methodology overview e the functionality viewrepresents the “computational” be-
Figure 2 represents the proposed flow, where colored boxes

are for the novel contributions. As a first step, we analyhed t

typical concerns of interedor the modeling and simulation

of smart systemslj. This allowed to determine the necessary

extensions of the IP-XACT standawith the goal of applying |

TABLE I. TYPICAL SMART SYSTEM VIEWS, WITH CORRESPONDING
CONCERNS AND POSSIBLE INTERSECTIONS WITH OTHER VIEWS

lti-vi deli h f imalati View [[  Behavior of interest ] Mutual influence |
multi-view modeling to the context of smart system simuiati FUNCTIONALTY || Functional implementa-| State €.g, EFSM state, fetched in]
(2). This constitutes the main novelty of the current work. tion struction) and duty cycle influenc
The extended IP-XACT format allows tmodel all functional Irr:]gl pt?g'vg/ Ig?nat;rgg:éosn dir;dt;hzr-
and extra-functional interfacesf system components with the chitectural choicese(g, pipeline)
same formalism3). Note that the construction of the IP-XACT impacting on reliability.
description of a system is manual. as it is specific of theleing POWER Power (consumption or[ Power, current, voltage influencing
. ! . L production), current| heating production and reliability.
case study. The IP-XACT files determine a skeleton of thg (consumption or| Faulty behavior due to lack of en
simulation framework, in terms of component interfaces aind production),  operating| ergy.
P H H ; voltage

SyStem connections. .The n.eXt Step IS tautomatlg generat|0n THERMAL Temperature (absolute of Overheating worsening batteriels
of a skeleton of the simulation framewd#. In this work, the relative), heat flow and capacitors performance, and
target language is SystemC, whose extensions allow to cover Icauiin% ff"”.!ﬁ be:aviocrje(& di-

H 5 H H ays). Reliability degradation dug
a wide range of concerns with a §|ngle language. Finally, the to thermal cycling,
generated code must lpepulated with state-of-the-art models [ Reqasimy Expected lifetime, | May affect component functional
describing the behavior of system components in the context ’\:Ae??FT'm? '|T0 Fallutre It%/ due to IfOfwelrt'\t/ITlTF alnd_ thrgiugh
of each view §). This consists of implementing the SystemC EA - i;TlTT)“re rate | fhe use ot fadl-olerant cireuttry:

modules with suitable models available at state-of-theTdnis



havior of devices. Functionality can be modeled in a | 1< fischemalocation="... /extrafunctional/index.xsd">

2. <ipxact:vendor>vendor2</ipxact:vendor>

variety of fashions, ranging from state machinesy( for 3. <ipxact:library>fdi16</ipxact:library>
digital HW) to sequential SW. Power consumption may 4 <ipxactiname>cpus/ipxactiname>

. . . . R . 5. <ipxact:version>1.3</ipxact:version>

vary with the evolution of the functionality, since differte 6. <extrafunctional:concern>power</extrafunctional:concern>
H 7. <ipxact:model>

amounts of power may be necessary to perform different | o777

computation. Thermal behavior may be influenced by the | o <ipactport><ipact:name>cou_states/ipxact:name>
10. <ipxact:wire ipxact:allLogicalDirectionsAllowed="false">

aCtiVe portions Of the SyStem’ or by the Operating frequ'ency 11. <ipxact:direction>in</ipxact:direction>

Finally, architectural choicesg.g, pipelines, and heavy 12. <ipxactivector> o o

. . . . 13. <ipxact:left>2</ipxact:left><ipxact:right>0</ipxact:right>
computation cycles may increase circuit stress and error |1 <ipactvectors
probability, with the result of worsening reliability; 15 cipractwireTypeDefs><ipactwireTypeDef> }

] . ) 16. <|pxaf:t:typeName ipxact:constrained="false"> std_logic_vector
e the power viewrepresents the energy flows inside of the _ </ipract:typeName> _ , "
. 17. <ipxact:typeDefinition>IEEE.std_logic_1164.all</ipxact:typeDefinition>

smart SyStem,e., hOW enel’gy ﬂOWS fI’Om pOWer prOducerS 18. <ipxact:viewNameRef>vhdIView</ipxact:viewNameRef>
(power sources and storage) to consumers. As anticipated, | ;> <PecivreTpeeb</ipactieTypeoets
power evolution is influenced by functionalitg.g, by 21, <ipract:vendorExtensions/></ipxact:port>

the component operating mode or the fetcheql INSIIUC- |}, Ciactport><ipxact:name>current_demand</ipxactname>
tion (|n case Of CPUS) \ﬁce—VGrsa, pOWer may |nﬂuence 23. <ipxact:wire><ipxact:direction>out</ipxact:direction></ipxact:wire>

. H . 1 H . 24. <ipxact:vendorExtensions><extra-functional:wire>
bOth fUnC“Ona“ty and rellablllty by IntrOdUCIng Compmte_ 25. <extra-functional:domainTypeDefs ><extra-functional:domainTypeDef>
fa||ures due tO energy IaCkS or peaks_ The power view 26. <extra-functional:typeName>current</extra-functional:typeName>
. . . 27 <extra-fi ional:typ pere</extra-functional:typ
IS Stf0n9|y ConneCted tO the SyStem thermal V|eW, since 28. <:xt::-functionalzvalueunit="Ampere":re;lax="milli">3.00
energy consumption produces heating. </extra-functional:value>
29. <extra-functional:typeDefinition>./extrafunctional/types.xml
e the thermal viewfocuses on the heat exchanges in the 2 f{extfa_-fu"“i""a'fv‘f:z:ffﬁxj, . "
. - /acceller

SyStem, and on mOdeIing the eVOlUtion Of Component 31. </extra-functional:domainTypeDef> </extra-functional:domainTypeDefs>
temperature over tlme Temperature iS heaVin inﬂuenced 32. </extra-functional:wire></ipxact:vendorExtensions>
: . . . . 33.  </ipxact:port>
by both power consumption and the functionality, since
circuit stress caused by computation increases tempera-

34. <ipxact:port>

N N 35. <ipxact:name>cpu_temperature</ipxact:name>
ture. Temperature influences power Consumptmg, by 36. <ipxact:wire><ipxact:direction>in</ipxact:direction></ipxact:wire>
. . 37. <ipxact:vendorExtension><extra-functional:wire>
deg_radlng the CapaCIt_y Of _energy Stora_ge Components or 38. <extra-functional:domainTypeDefs><extra-functional:domainTypeDef>
by introducing fluctuations in the operating point of com- 39, <extra-functional:typeName>temperature</extra-functional:typeName>
. 40. <extra-functional:unit>Celsius</extra-functional:unit>
ponents. Temperature peaks and fluctuations may cause an| s extra-functionaltypeDefintions.fextrafunctional/types.xmi
increase in the error rate, and thus affect reliability. _ </extra-functional:typeDefinition>
42. <accellera:viewNameRef>temperature_view</accellera:viewNameRef>
° the re“ab'“ty VieW measures the expected ||fet|me of the 43. </extra-functional:domainTypeDef></extra-functional:domainTypeDefs>
44, </extra-functional:wire></ipxact:vendorExtensions>

system, in terms of the Mean Time To Failure (MTTF) or 45, </ipxact:port>

of its reciprocal)\. As anticipated, reliability of a system 5. lpmactportss

or a component heavily depends on the other views, as | 47.</pact:model>

it depends on the power operating poietq, on power

consumption), thermal range and computation stress on the

circuitry. Vice-versa, reliability impacts on the otheewis, ) o )

since failures can strike any kind of component, including’'9: 3- IP-XACT component description generated for the gowew of a
. . “digital core. Dots represent additional port declaratitiveg are hereby omitted

functional components, energy sources or storage deviCegy ihe sake of brevity.

and thermal dissipation devices. Furthermore, in case of

fault tolgrant systems, it may _mod|fy the fgncthnallwew, A. IP-XACT port tags

e.g, by imposing error correction or detection circuitry.

i o The main difference between functional and extra-funetion
The outline clearly h|ghl|ghted the presence of mutualaffe descriptions lies in the computed and exchanged quantities

between concerns. This proves that composing a stakef®ldef, the ports used to carry them. IP-XACT supports two types

viewpoint requires the simultaneous modeling and simarfati - of ports: transactional ports (used for high level modsliagd

of all views, not to miss critical dependencies and unexgect ire ports (that correspond to RTL bit vectors). It is cleaatt
evolution caused by the mutual interaction of different€on none of these types suits extra-functional quantities.

cerns. This concept is exemplified by Figure 1: functiogalit

. i i ew 1 d th ¢ To overcome this limitation, this work adopts a strategy
impacts on power consumption (view 1) and thus on temperg; o 1 the one implemented in the Accellera extensidis |
ature (view 2); this may cause an overheating, and force t

reduce the functional operating frequenc that define additional tags for referencing language-$ipeci
P g ireq Y. types and to provide a unit measure for port values. Our

V. EXTRA-FUNCTIONAL IP-XACT EXTENSIONS extension relies on three novel tags:

This Section presents how multi-view modeling can be e <extra-functi onal : t ypeNane> specifies the kind
supported by IP-XACT, either by adopting (and adapting) of quantity carried by the port. The Accelera extensions use
the current standard, or by proposing necessary extensions atypeNane tag to reference language-specific typeg(

The changesw.r.t. the standard are summarized below, and el ectri cal of VHDL-AMS). On the contrary, we de-
exemplified in Figures 3— 5. To improve the effectiveness of fined a library of “semantic” types, expressing the kind of
the proposed approach, all proposed extensions have been fo information conveyed by the port. This library is contained
malized in additional XSD schemas, that define the namespace by the XSD schema defining thext r a- f unct i onal
extra-functional. namespace, that specifies an enumeration of allowed types



1. <ipxact:design xsi:schemaLocation="... ./extrafunctional/index.xsd">
2. <ipxact:vendor>vendor</ipxact:vendor>

3. <ipxact:library>fd|_submission</ipxact:library>

4. <ipxact:name>toplevel</ipxact:name>

5. <ipxact:version>1.0</ipxact:version>
6.
7
8
9

based on the analysis in Section IV. The power view
uses the semantic typaesol t age, current, power;
the thermal view usesenper at ur e, while the reliability
view introducesMT TF, | anbda andl i f et i nme;

e <extra-functional:unit> specifies the measure
unit of the value. This tag is necessary due to the existence

<extrafunctional:concern>power</extrafunctional:concern>
<ipxact:componentinstances>
<ipxact:componentinstance>
. <ipxact:instanceName>cpu</ipxact:instanceName>
11. <ipxact:componentRef vendor="vendor" library="fdI16"

of different measure systems applicable to the same phys-  name="cpu" version="1.0" concern="power"/>
ical quantities ¢.g, metric versus imperial units). As for e e
thet ypeNane tag, the XSD extension schema defines the 1. <puactinstanceNamesbatterys/practinstanceName>,

. . . o <| ! = =
enumeration of measure units necessary to model the views e battery’" version="1.0" concern"power"/>
considered in Section IVVolt (V), Anpere (A), 16, </ipxact:componentinstance>
and Watt (W for the power view;Cel si us (C) 1o oo

’ y 18. <ipxact:adHocConnections>
Fahrenheit (F) andKel vin (K) for the thermal 19 <ipractiadHocConnection> P
. . . . ipxact:name>processor_consumption</ipxact:name>
view; second (s) andPer cent age for the reliability 2. <ipxactiportReferences>
view (the former for MTTF and lifetime, the latter fov); 2 D omentetepu portRef="current_demand"/>

23. <ipxact:internalPortReference

o <ext r:a-f uncti Ona_l : rmgnl t u_de> . SpeCiﬁeS_ the componentRef="battery" portRef="required_current"/>
magnitude of a quantity. The tag is optional, and it allows |24 </ipxact:portReferences>

g . . . i :ad i

to ease the specification of system of different scales by |7 eaiorcomecions

providing the typical set of metric prefixesd, Ter a, T e eI/ ipractname>

G ga, I\/Ega, Kl I O, m | | | y m Ccr O, na.no, p| CO)- 29: <ipxa.ct:internaIPortReference:omponentRef:”battery" portRef="level"/>

. . . 30. <ipxact:internalPortReference
An example of usage of these tags is provided at lines 22—-33 componentRef="cpu" portRef="available_power"/>

H . H H 31 </ipxact:portReferences>
of Figure 3: thecur r ent _demand port is defined as of type 32, </iactadHocConnections
current (line 26), whose definition is contained in the XSD 33, </ipxact:adHocConnections>
extensions file (line 29). The port type is paired also with an | > et

I {‘n'p 1 1 i 35.  <ipxact:port>

measu.re Unlt er e)’ a preflx (n l l I ) and a dEfaUIt Value . 36. <ipxact:name>cpu_temperature</ipxact:name>
(3 On Ilne 27_28) The Usage Of the measure unit Is CrUC|aI 37. <ipxact:wire><ipxact:direction>in</ipxact:direction></ipxact:wire>

1 _ 1 il i\ /1 38. ipxact:vendor ion><extra-f ional:wire
at I|neS 34 45 tO remove amb|gu0us quantltles’ by Spegfy,ln 39. :extra-functionaI:dnmainTypeDefs><extra-functional:domainTypeDef>
that thecpu_t enper at ur e port expresses temperature in 20, <extra-functional:typ perature</extra-functionalityp

H H H 41. <extra-functional:unit>Celsius</extra-functional:unit>
CelSIUS rather than n KelVIn' 42, <extra-functional:typeDefinition>./extrafunctional/types.xml

Note that, while thecext r a- f unct i onal : magni t ude> i oLy P e DN e/ accelloran ]
. . . g . . perature_\ /acceller

tag IS mOStIy Used tO Slmpllfy SyStemS SpeC|f|Cat|0n, 44, </extra-functional:domainTypeDef></extra-functional:domainTypeDefs>
information specified by the first two tags is crucial to ror e nctionaliwire></ipactvendor

check thesemantic validity of IP-XACT descriptionghe
unit tag allows to verify that the quantities exchanged
through two connected ports are compatible (necessary for

temperaturee.g, in case of Celsius and Kelvin degrees), ) o ] o
Fig. 4. IP-XACT design description modeling an energy comgtion view

and to check Whether. any conv_erS|on IS~ Necessawy, ( nd instantiating the CPU in Figure 3. Dots represent amtiti tags that are
when the ports have different prefixes). On the other hanqﬂlereby omitted for the sake of brevity.

the semantic types used for theypeName tag allow to
guarantee that connected ports carry the same informatio
thus avoiding incorrect assignments.q, bindings between
acurrent port and at enper at ur e port). In this way,
the resulting description will always be consistent andnsiou
thus preventing misconnected model components [4].

47. <[ipxact:ports>
48. </ipxact:design>

B2-32), and two ports for inter-view communicatidre( the
cpu_t enper at ur e, used to communicate with the temper-
ature view, at lines 34—45, and te@u_st at e port, used to
communicate with the functional view, at lines 8-21).
Each view is described by onB-XACT design description
listing the components participating to the view and theira-
B. IP-XACT descriptions layer connections. Figure 4 shows an example of IP-XACT
The organization of IP-XACT descriptions provided for eachdesign description for a power view (containing the CPU in
system reflects the multi-view modeling approach, as agplieFigure 3 and a battery). Theconponent | nst ance> tag
to the context of smart systems (Section IlI-A). is used to list components participating to the view, by ref-
Each component is provided with ofie-XACT component erencing the corresponding IP-XACT component descrigtion
descriptionper supported concern, thus reflecting the fact thaf!ines 8-12 for the CPU).
the component participates to multiple views. Such IP-XACT Intra-view communicatiois modeled through port bindings
component descriptions define the view-specific interface obetween components, by using tkadHocConnect i on>
the component as made of two types of ports: view-specifiédd.- As an example, lines 19-25 describe the binding be-
ports €.g, a current port when the concern is power) andtween thecurrent_demand port of the CPU with the
ports used for inter-view communication. Figure 3 shows arf €qui red_current port of the instantiated battery.
example of IP-XACT component description of a CPU, where Inter-view communicatiorcan not be represented inside of
the concern of interest is power. The description lists éhre the view-specific IP-XACT descriptions, that focus on a &ng
ports for the power view of the CPU: an extra-functionalconcern. Ports used for communicating with other layers are
view-specific port i(e,, the current _demand port, lines exported by defining an interface for the view (lines 35-46).



Fig. 5.

IP-XACT file generated for the top level of the guidiegample.

Dots represent tags hereby omitted for the sake of brevity

1. <ipxact:design xsi:schemaLocation="... ./extrafunctional/index.xsd"> 1. SCA_TDF_MODULE (cpu_power_view){
2. <ipxact:vendor>vendor</ipxact:vendor> 2. public:
3. <ipxact:library>fdl16</ipxact:library> 3. // intra-view interface
4. <ipxact:name>smart_system</ipxact:name> 4. sca_tdf::sca_out< double > current_demand;
5. <ipxact:version>1.0</ipxact:version> 5. sca_tdf::sca_in< double > available_power;
6. <ipxact:concern>multiple</ipxact:concern>
7. <ipxact:componentinstances> 6 // extra-view interface
8. <ipxact:componentinstance> 7. sca_tdf::sca_?uk double > cpu_consumption;
9. inxact:inst fi ional_view</ipxact:i 8. sca_tdf::sca_!n< double > cpu_temperature;
10. <ipxact:componentRef vendor="vendor" library="fdI16" 9 sca_tdf::sca_in< sc_lv<3> > cpu_state;
name="toplevel" version="1.0"  concern="functional"/>
11 </ipxact:componentinstance> 10. // constluctor.and destructor
12. <ipxact:componentinstance> 11. :pu_power_wgw(sc_core::sc_module_name name_){}
13. ipxact:i P _view</ipxact:instanceName> 12. cpu_power_view(){}
14. <ipxact:componentRef vendor="vendor" library="fdl16" .
name="toplevel" version="1.0" concern="power"/> 13 private:
- N i 14.  // TDF functions
15. </ipxact:componentinstance><ipxact:componentinstance> 15 d b .
16 ipxact:inst hermal_view</ipxact:in N. - void set_attri utes();
. ) = ’ 16. void initialize();
17. <ipxact:componentRef vendor="vendor" library="fd|16" 17 void processing();
name="toplevel" version="1.0" concern="temperature"/> 18: } ’
18. </ipxact:componentinstance>
19. <ipxact:componentinstance>
20. <ipxact:instanceName>reliability_view</ipxact:instanceName> )
21 <ipxact:componentRef vendor="vendor" library="fdl16" Fig. 6. Example of SystemC-AMS TDF code skeleton generatedtfe
name="toplevel" version="1.0" concern="reliability"/> digital core in Figure 3.
22. </ipxact:componentinstance>
23. </ipxact:componentinstances>
24. <ipxact:adHocConnections>
25. <ipxact:adHocConnection><ipxact:name>cpu_state</ipxact:name> H p
% <ipractportReferencess pustate/i refer to the same version of the same componest, the
27, sipractinternalportfeference . y values of thevendor, | i br ary, name andver si on tags
componentRef="functional_view" portRef="cpu_state"/> . .
28. <ipxactiinternalPortReference are the same for all IP-XACT files). Thus, the IP-XACT files
_ componentRef="power_view" portRef="cpu_state"/> would not be distinguishable. The additioraloncer n> tag
29. <ipxact:internalPortReference . . . .
componentRef="thermal_view" portRef="cpu_state"/> allows to differentiate and to reference either the funwlidy
30. <ipractintemalPortReference . . (no <concer n> tag, lines 6-10), or the extra-functional
componentRef="reliability_view" portRef="cpu_state"/> R . .
31. </ipxact:portReferences></ipxact:adHocConnection> views (pOWEI’ at ||nes 11—15, temperature at |IneS 16—19 and
32. :ipxact:adHocConnection> rellablllty at lines 20_23)
3. <pxactname>battery_mitf</ipxact:name> Finally, it is worth noting that theconcer n tag for the
34, <ipxact:portReferences> . . N . .
35. <ipxactiinternalPortReference top-level is set tanultiple (line 6). This keyword will enable
w6 oy omponentRef-"reliability view" portRef="battery_mtf"/> IP-XACT users to develop tool-chains capable of easily iden
. ipxact:internalPortReference L T N
componentRef="thermal_view" portRef="battery_mttf"/> tifying multi-view models, and thus of treating them proger
37. <ipxact:internalPortReference
componentRef="power_view" portRef="battery_mttf"/>
38 </ipxact:portReferences> VI. AUTOMATIC CODE GENERATION OF THE
39. </ipxact:adHocConnection>
40. </ipxact:adHocConnections> S||V|ULAT|ON SKELETON
41. </ipxact:design> . .
/e il The hierarchy of IP-XACT files generated for the system

can be used to enhance the design flow through automatic
code generation, by implementing a skeleton of the sinarati
framework. The generated code can be implemented in a
variety of languages, including AMS HDLs and tools such

The overall system is described in tap-level IP-XACT as Matlab/Simulink. In the context of this paper, the choice
design descriptionthat instantiates all the views and im- fell on SystemC-AMS, that proved to efficiently support the
plements inter-view communication through port bindings.implementation of extra-functional behaviors [9], [10].

Figure 5 shows how the power view (described in Figure 4)
is instantiated (lines 12-15) and bound to the other views té&\. Component code generation
reproduce inter-layer communication (lines 24-40). The code generation process reflects the organization of the

According to the standard, an IP-XACT description isIP-XACT files. EachlP-XACT component descriptida con-
uniquely identified by the VLNVj.e., an aggregation of four verted to one SystemC module. As a result, each component
identification tagsvendor , | i br ary, nane andver si on.  of the smart system will be implemented as a number of
However, IP-XACT files referring to different views of the SystemC modules, one per supported concern. This enhances
same component (or system) may have the same identificationodularity, since multiple aspect of the same component can
tags. To overcome this problem, this paper proposes to éxterbe added without affecting the previous implementation.
the VLNV to a VLNVC identifiey composed by adding a tag  The instantiated modules can be implemented either as
called <concer n>. This additional tag reports the specific SystemC standard module$G MODULE) or as SystemC-
concern described by the current IP-XACT file (lines 2-6 ofAMS TDF modules $CA TDF_MODULE, as in Figure 6).
Figures 3-5). This tag must be specified whenever refergncinThe former choice leaves more freedom to the subsequent
an IP-XACT design or component extra-functional desaipti  module implementation, since no requirement is imposed on
To allow compatibility with the current standard, the addial  the semanticse(g, in terms of level of abstraction and simu-
tag is not required when modeling the functional view. lation semantics). A SystemC module can indeed encapsulate

A clear example of the usage of VLNVC is provided by both an event-driven implementation (based on processes),
lines 6—23 of Figure 5. The top level instantiates the views b the instantiation of a hierarchy of sub-modules (including
referencing the corresponding IP-XACT design descrigtion TDF moduels), or a topology of ELN primitives. On the
Note that all views have the same VLNV attributes, since theycontrary, the declaration of a TDF module imposes the data



1. #finclude “cpu_power_view.h" 1. #include “smart_system_functional_view.h"

2. #tinclude "battery_power_view.h" 2. #finclude “smart_system_power_view.h"
... // all the necessary header files

3. SC_MODULE(smart_system_power_view) { 3.SC_MODULE(smart_system) {

4. private: 4. private:

5.  //instantiated components 5.  //instantiated components

6. cpu_power_view * processor; 6.  smart_system_functional_view * functional;
7. battery_power_view * battery; 7. smart_system_power_view * power;

8. 8.  smart_system_thermal_view * thermal;

9. //connecting signals for intra-view communicaiton 9.  smart_system_reliability_view * reliability;
10. sca_tdf::sca_signal<double> processor_consumption; 10. ..
11. sca_tdf::sca_signal<double> battery_level; 11.  //connecting signals
2. . . 12. sc_core::sc_signal<double> cpu_temperature;
13.  public: 13. sc_core::sc_signal< sc_Iv <3> > cpu_state;
14.  // ports signals for inter-view communication 14. ..
15. sc_core::sc_in<double> cpu_temperature, cpu_mttf, 15, //constructor
battery_temperature, battery_mittf; 16. SC_CTOR(smart_system){
16. sc_coreffsc_f)ut<doluble> cpu_consur.nptlon, battery_level; 17. functional = new smart_system_functional_view("functional");
17. sc_core::sc_in< sc_lv<3> > cpu_state; 18. power = new smart_system_power_view("power");
19. thermal = new smart_system_thermal_view("thermal");
18. //constructor I S e
20. reliability = new smart_system_reliability_view("reliability");
19. SC_CTOR(ostc_system){ 21
S Gondaieibianpeorcion) Aot m /pronang
22' = v-p - vl 23. power->cpu_temperature(cpu_temperature);
2. 7/ intra-view signals binding ;ASI thermal->cpu_temperature(cpu_temperature);
24. processor->current_demand(processor_consumption); ) P
. N 26. functional->cpu_state(cpu_state);
25. battery->required_current(processor_consumption); 27 .
26. processor->available_power(battery_level); 28A p}:)wer-|>cpu_state(cpu_state), .
27. battery->level(battery_level); . t grm.a_ ->cpu_state(cpu_state);
28. 29. reliability->cpu_state(cpu_state);
30.
29.}}
3L}
1. #include “smart_system.h"
Fig. 7. SystemC code skeleton generated for the power vieffigare 4. 2. int sc_main(int argc, char* argv(]) {

// instantiate system top level

smart_system* toplevel = new smart_system("toplevel");
// start simulation

sc_start();

delete(toplevel);

flow semantics, realized as a static scheduling. This choice
may be extremely convenient, since it accelerates sinoulati
by building an efficient interaction between components.

Figure 6 provides an _example of -SyStemC TDF code gen-ig. 8. Example of top level and main code generated for thielirgy
erated for the power VleW_Of_ the, d|g|tal processor (see th xample, by reflecting the IP-XACT description in Figure St®represent
IP-XACT component description in Figure 3). Note that the aqditional constructs that are hereby omitted for the sdkerevity.
code generated for each component is onlskaleton of the
SystemC moduleontaining only the signature of constructor
and destructor (lines 10-12), and, in case of TDF modulesports used for communication with other views.d, the
of member functions imposed by the SystemC-AMS standardpu_t enper at ur e port, line 10) are implemented as stan-
(e.g, processing,initialize, lines 15-17). dard SystemC portsi.€é., sc_i n or sc_out, lines 14-17).

The module interface is derived by the IP-XACT component
description. It lists both ports for inter-view and intreew  C. Top level generation
communication €.g, line 4 is the sameur r ent _denmand The simulation top level is built automatically startingrin
port as in line 22 of Figure 3). Ports inherit both the namethe top level IP-XACT design description. The top level is
and type from the IP-XACT file. The semantic type of extra-implemented as an addition8IC_MODULE, named after the
functional ports is mapped onto t@ubl e type. This allows nane tag in the VNLV of the IP-XACT design description (as
to represent continuous values typical of physical quantidepicted in top of Figure 8). The module instantiates altesys
ties during simulation, without burdening the executiorthwi views, as determined by theconponent | nst ance> tags
checks on type compatibility, that is ensured by the coes@t  of the IP-XACT design description (lines 6-9 and 17-20). IP-
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of the IP-XACT model. XACT port connections are then implemented through port
bindings and the instantiation of support SystemC signals
B. View code generation (lines 12—-14 and 22-30).

The IP-XACT design description of each view leads to the The proposed approach additionally generates a main simu-
automatic generation of a SystemC modu®C (MODULE), lation file (bottom of Figure 8), that instatiates the topelev
that instantiates all components participating to the viewmnodule (lines 3—4) and starts simulation (lines 5-7). Thés fi
and the signals used for intra-layer communication. Figure may be extended by the designer to add a custom testbench,
sketches the code generated for the power view in Figure 4.configuration parameters, or tracing instructions.

Since the instantiated components may be implemented
either in SystemC or in TDF (lines 6-7), the type of signalD. Population of the simulation framework and simulation
used for port binding must reflect the semantics of each The SystemC modules generated for each component must
module: sc_si gnal when both modules are implemented be filled with the implementation of concern-specific moals
in SystemC,sca_tdf::sca_signal when both mod- each component. The following of this Section reports ot
ules are TDF €.g, lines 10-11), and SystemC-TDF con- to models available at state-of-the-art. However, thegiesi
verters when connected modules follow different semanticsmay choose any model. The only constraint is that models must



be implemented by using constructs provided by C++, Sys-[9]
temC and SystemC-AMS. Note that the implemented models
can be reused at later times, thus easing the populatioreof th
SystemC simulation framework. Future work will include the [1°]
definition of a library of models that can be easily instatetia
thus enhancing the effectiveness of the proposed approach.

a) Functional models:the functionality of each component
can be either natively implemented in SystemC, or tranglate[12]
from any HDL by adopting automatic tools [30], [31].

b) Power models:the most widespread models for power [13]
consumption are functional models, that express power de-
mand as equations, state machines or waveforms over time [d]“l]
[32]. Functional models can be implemented in either C++,
standard SystemC or TDF. Energy provideesg( batteries
and super-capacitors) may require the adoption of circuifs
models, that emulate the power behavior through an elacttric
equivalent circuit [33]. Such models can be easily impleteén
by using the ELN model of computation [9].

c) Temperature modelsthermal simulation usually falls
back on circuit simulators, that represent temperaturerims [17]
of voltages and heat flows as currents [34]. Similarly to powe
circuit models, also thermal models can be easily implestent [1g
with SystemC-AMS ELN primitives [10].

d) Reliability models:they are mainly analytical,e., they

(11]

[16]

determine system failure rate (or derivative quantities, (19]
MTTF and life time) as a function of: physical stressd,

functional duty cycle), operating conditions.g, voltage and [20]
current), and material-specific coefficients [35]. Thesalai® [21]

are easily implementable in C++, SystemC or TDF.

VII. CONCLUSIONS

22

This paper showed how the IP-XACT standard, with few ex-[ ]
tensions, can support the simultaneous simulation of plelti |23
aspects of a smart system. The extended descriptions allow
to uniformly model different functional and extra-funatizl
views of the system, and to gain automatic generation of &4l
skeleton of a SystemC simulation infrastructure. Thisagir
tructure can be easily filled with the desired models by th%zs]
designer, thus gaining a simulatable implementation objse
tem that covers both functionality and extra-functiongleags.
Future work will further automate the proposed approach,
through the automatic construction of the IP-XACT descrip-
tions from a graphical representation, and the constmaiio [27]
a library of models that can be easily instantiated to pdpula [28]
the SystemC simulation framework.
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