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Changing Platforms

Cell Broadband Engine Processor

Cell Processor Platform
Emerging new platforms s SEC ian * Power prpcgssor element
continue changing b | L e » 8 Synergistic processing elements
requirements for embedded | \ILieh T et * Element Interconnect bus
systems design. T il ; Architecture Constraints
' Sl ——— « Single PPE
» Elements must share memory
» Elements must share interconnect
bus

The changes in platforms

are fundamental: = Xilinx DSP Hardware Platform

ﬁf;‘fff,ff;a’"gffjf}”‘” e SN L | < Programmable arithmetic fabric
* Hundreds of Xtreme DSP slices

» 100+ multipliers

Flexible Architecture

e Custom HW

» Parameterizable HW IP

» Open HW data format

: s l:lllll-m e i

Kees Vissers, Xilinx, MPSoC 2005



The share of value of embedded
computing components in the
application areas expected to
reach 30%-40% value by 2010

Applications:

— Automotive Systems

* Light and heavy automobiles,
trucks, buses

— Aerospace Systems
» Airplanes, space systems
— Consumer electronics

* Mobile phones, office electronics,
digital appliances

— Health/Medical

Changing Applications

[$1§

e Patient monitori
pumps, artificial o
— Industrial Automation

e Supervisory Control and
Acquisition (SCADA) syste
chemical and power plants

* Manufacturing systems

— Defense

e Source of superiority in all
weapon systems

National Health Information
‘ rlﬁ:r\fr‘onir\ Daticon

service

e s lity),
i), ...
Operating Room of the Future
(Goldman)

Closed loop monitoring and control;
multiple treatment stations, plug and
play devices; robotic microsurgery

System coordination challenge
Progress in personalized

medicine: systems biology;
disease dynamics, control




E?Platforms Are Layers of Abstractions

Key Idea: Manage design complexity by creating layers of

abstractions in the design flow.
(Platform-based design: Alberto Sangiovanni-Vincentelli)

Abstraction layers define

lat : | /
platforms  an ﬁ

—p Software architecture defines the
Z 2 composition of functions such that a
least fixed point exists and is
unique.

Platform mapping

Abstractions are linked
through refinement

relations. _ _
concurrent functional units, where the

software architecture can be deployed.

Abstraction layers allow = =

the verification of AT\ X Behavior models define a set of timed

different properties . i — automata with local clocks and broadcast.
A== Models can be analyzed with TCTL.




E; A Basic Pattern in Design Flows

B(_ahavi_oral Architecture

libraries libraries % o

Captu_re Verify Capture 1 Verify Platform 1 Platform 2
behavior behavior Architectur Architecture

'@ TimeSys Corporation
RealTie. fealSlutions.

Map behavior Verify uP
to architecture performance

v

Refine HW/SW Link to uP
uP architecture Architecture ver.

Link to HW/SW
implementation

Platform 3

High-Level Design Flow for Embedded Systems:
Alberto Sangiovanni-Vincentelli
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Example: A Simplified Design @
Flow for Automotive

Requirement Specification

I IDescriptinn

Sensor image must be partitioned into chips to extract Veh | C | e CO n t ro | PI atfo m (VC P)

1 patential regions of interest

Regions of interest must be matched with target images . | Sa h eteI’O g eneous ex p e“ men tal

2 and classified within 30 ms of armval COﬂthl DeS|gn tOOI Chaln for automotlve
- (dymga iCS)

ove 1o iy

= | Component Design HW Arch. Design

ﬁltecture System w@ "Arch. ﬁ

UPro

nnnnnnnnn

inData

prnsmgar_rasi

| outDat

“Softw are Arc

= = . Degjon

Rawimgspitier |

Platiomn .
8= g Power Mode
Fwd_BN_NTLF_P2
- d !.u:_:u!_ [ ¥ e

ue  seald .
i

INFFT

SPG_UEB_TL

‘ i = Battery Voltage Battery ECU Message 1

s _
I o

. i SW Deployment

HodeRef
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E? Design Flow: Tools & Languages @

Requirement
Specification

@ | /S| -

. duih i\ S
Contro
DeSan, HW Arch

HwA) Design

\S/Iezr:]iil“Ji:;t'lioonn [ Comp. 1 HW Pwr/
| Design | Perf Est
‘ !
d | \ !
\C;((e)riﬁcc;'?igﬁ -1 SW Arch. Sysltem-uevel
' "L AM )Design Arch. D,éS|gn
> — Latency/RT
SW comp. SDL\ Analysis
Architecture \ J / / P
| ‘ ~\ N\ ’b
i N \ ‘ -
Alloc./Sched. (*
Analysis
SW Deployment
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Model-Integrated Computing

Key Idea: Capture intrinsic domain concepts with domain-
specific modeling languages (DSML-s) and partition DSML-s

| into structural and behavioral semantics.
The structural semantics

excludes semantically

meaningless models. e The structural semantics views a model as a structure, and
provides a means for calculating which structures are well-formed.

. gl

o
o
=A

g

e
;

W)l « The behavioral semantics defines what the structures
Jor composition of values S

so this merge model 1s

. . @ A block f represents an n-ary map over some value domain.
semantically meaningless

- n m

in this domain. foyn—pm.
@ A connection ¢ represents an projection operator:
Tim: V" — V, where 7 (v, Vi, ..., Vm—1) — Vi

© composition is by function composition:
splitter(mo,2 o fft(inl(t), in2(t)), w12 o fit(inl(t), in2(t))).




Specification of Structural
Semantics of DSML-s

Abstract syntaz of « Metamodels define the structural semantics |L-(v.r,.c.(D..)

DSML-s are defined by of DSML-s. D(Y.C)={reRrIrkcC|
metamodels.

 GME, the metaprogrammable modeling tool of ISIS, supports rapid

VOIS (o stryction of metamodels and DSML models.

provide structural

Aspoiation
semantics. SRR Je— w | e
P Asm-:'i_au'-:-n-::_'_'"-- i
) i Endpaint -:Ist o
- am ClassName |ss " .
o Aue . OCL Constraints: ClassName
Maﬂlemalflcalframewoﬂf self.transTo->forAll (S I s <> self) 'El'ype L . {Boal, String, Enum}
. numList:  {ltem1, ltem2, ltem3, ltemd}

Sfor structural semantics:

Terms Algebra Basic metamodeling notation: UML Class Diagram + OCL

(Jackson, Sztipanovits

EMSOFT 2006) oo Transition

E‘i&:g%aie [T ==Connection== | |
J I ——— R S A Trigger field T MName: |21 OrState
arked b j Suard: - feld
f is8ync: bool rI |FIt
PrimitiveState CompauncState
: ==Atnm=s ==Model==
A metamodeling language o
ts one of  the DSML-s:
StateDataRelation
the same tool can be used b ] emetor 1
Jfor modeling and _l S C |
. “eptom=> |
metamodeling. | ‘ L o O |C()
Init OrState ld AndState Datavar
==Atom== ==Model== ==Model== T ==Atarm=»
i = AndState

MetaGME metamodel of simple statecharts Model-editor generated from metamodel



Specification of Behavioral
Semantics of DSML-s

» Behavioral semantics are defined with model ﬁ |]T ‘R > R
. Y 0

C++ coding permits transformations and semantic anchoring.
complex behavioral

7122 - 13biiCaumtaria... |- |L 721 -{30nCountattes |~ |0
_ CE CEE
semantics, but the _'.'f.; e S
“specifications” are D - LT 7]
P . Coniginment ._.-_:_.-‘_ | rr -. -_ t - I
cluttered with C++ /’ ! ’\ = | St
details. - 06 D8¢ il = FoEse
Transitions I'rl- -.-! = g I =

Representation as AST ¢ C++ Interpreter/Gé_riérator
Graph transformations

provide a transparent ¢ Conversion to o :

, Graph rewriting rules f‘,f model editor

mechanism to attach ek u‘-_f*-h-'- 7 @ ; @
. P/ LAV f

semantics. However, not /’ x Nm ,;{,4( W . -

all behavioral semantics K =a X = X = &
ca be specified this way.

fsmreact (fsm as FSM, e as Event) =
step let s as State = getCurrentstate (fsm, e)

* ) i
step Tet pt as Transition? = getPreemptiverrasition (fsm, s, €) SO o TS,
5 5 ST “?E itd O = naw Srara(Faish, Lboour mill, Fugeur.”Loeine traTald
Seﬂl(l;ltlc a}lcilOrl’Zg wlt/l i pr <> null then doTransition (‘FSITI, 5 pt) S0 = new Statektrue.'null. oFF, 1{:} t"{']}-‘g.ni}) ! !

else new State(false, null, oFF
stel new s:; g:.ﬂse, n!|1:||'| oﬁrr,{}{},{TgFi})
y . . ) State(true, null, oN, 1},
/\/i Ca])tu}"eb l']le beSt 1? isHierarchicalState (s) then invokeSlaves (tsm, s, e) T haw Transitjonctrue, False, Evaht.of tlﬁ%%) OFF, ON)
Tet npt as Transition? = getNonpreemptiveTransition (Fsm,s,e) T2 - new Transiti Em,.ej false, Event.sleep, null, ON, OFF)
. S[E T3 = new Tr. on(true, ia}se, t.Snutgmln, “u:H ON, OFF)
D o 2 11- 3 . . 3 0,
of both worlds: Stmple iF npt < nuTl then domransicion (Fsm, s, ) T T T
T13= new Transit-iungtrue. false, event.shutdown, null, STANDBY, POWEROFF)
T21- new Transition(true, false, event.login, null, LOGOUT, LOGIN]

T22= new Transition(true, false, event.logout, null, LOGIN, LOGOUT)

graph transformations : S
and simple behavioral Canonical definition of FSM Translation of GME model to
behavioral semantics in ASM ASM data structures

specifications.
« Simulation artifacts and test cases can be generated




V Content

 Introduction
— Basic concepts: platforms, abstractions and DSML-s

 Model Integrated Computing
— Structural and Behavioral Semantics

— Metamodel composition
m) — MIC Tool Suite

« Making Behavioral Semantics Explicit
— Semantic anchoring
— Remarks on composition

Sztipanovits: 14



Composing DSML-s

Key Idea: Decompose complex models into aspects. Aspects
are composed to create complete specification.

Each view may _— = B = ]
represent a design b2 e IS BE—— et o = L5
concern (separation =i D Dy =55

of concerns).

Design aspects are
typically non

orthogonal.

N » An architectural specification is created in each view
SN eIl - The total system is the composition (synthesis) of all the views

orthogonal DSML-s
15 a significant Key Question: If properties hold in a view, do they hold in the
WY (IR entire system?

infrastructure. _ _
Key Question: How do engineers keep track of cross-aspect

interactions?



V DSML Composition is an Essential
Practical Tool

Metamodel Interfacing
Class Refinement
ReguirementsTraces
==Folder==
Tool support for DSML
o 1 Autornohile
(metamodel) composition <<Mogel>»
Zn GME: (?;gl#]r;:;;rl ReguirementRer Tracemodel DasignElemeant
D - field i ==Refarances= ™ ==hMndel== T ==FCO==
* Class merge Tt = = L ,
* Metamodel interfacing P ﬁ\l Component |52
. . . : =<Madel>=
* Class refinement Py Somwarert
. . . ==Reference== ==Reference==
* Template instantiation . . v 11
© MOdel tT‘Clﬂé‘fO?’?’)’Ldth?’l Hardwareolomponent Soﬂwareclomponent - |
. “eModelPrey . “eModelPronys <<AfomProxy== <z onnectlonProxy==
EntryAction : field Event: field
Exitaction: field 2
A
Class Merge
e : BusLink .:
Understanding structural <<Commectons !
o 5 1 1
and behavioral semantics | ! !
ProcessingModule Bus . LinksToBus
I <5 Edd v
of composed DSML-s - e <cors> g g <k |
1 SecurityEnclave | enum SusSseed: field |
5 5 1
1s essential. . 1 Tﬁ'—| N !
| [ = 0. 0. ‘ . .
1 Procegsor mory Bug BucLink MNebvorknterface Mermory Procegsor |
1| <=AtomProxye= <= mFroxy=> =<AtomProxy== ==ConnectionProxy=> ==Atom=» <=Atom== <<Atom== |
: ClockSpeed : field : field | | BusSpeed: field 2 Size : field | | ClockSpesd : field | |
a » |
—— = = — ___________________I_ _________________________________________________ o4 _;
, : DeploymentModel ProcessAssignment 1
==Nodel>> ==Conneclion==
oo | HordwareComponent | | 1 ] |
SecurityEnclave : enum ; \ :
: 1
H 1
HardwareCompanent : SofwareComponent | |
| <<Model>> :_’; - e <<FCh=> :
|
1




Embedded SW Architecture

Design

Objective: Optimize the SW architecture
S‘m‘(lgg‘;/{fzg'ow component Model | DY Selecting a component model and by
allocating functions to components.
S Archtecture Model Platform: TT Component Model
(DSMLg, ssr.cm) Tools:
GME, GReAT (SL/SF to C generator), C
Compiler, WCET Analyzer

" Comp [
Annatation =<Folder== =<Model=> | ot
| ZEAlRm [ T | <=Atom-»
Test: field - Datamit el
DataOfiset: field
ComponentShorteut Component DataScale © field
“F?I?ckﬁef” Pararmetar S=Referen o k 57| DataSign - bool
sferante Fargmener | <z it s Ghame - nelg Datasize: Ml
[ DataType : enum
Waluz : field T”" i neld
J SystemRef htine - field
Block Part =<References> Chame field
==Model>= ==Al0rm == T
BlockType : field fiwed_point_iarget_size ehum System
Description : field fized_poini_farget_type enum <<Mode|Proxy~> Component Component
Friont: fleld foatna_polnt_targe e enum EnghieFart Nama fald <<ModelProxy=» <<ModelProxy=»
Tag: field O~ units : enum ==Atom=> L CName field ComponentSheet CName fiald
Mame: field fixed_paint_farget_signed : enum StatesWhenEnanling . enum L ~~ModelProwy-~ L
. -
- ] T
| BranchPoint Trigger~ort " :
FIEE) <<Mom- “<Mome | Eonnecioncr <~contedton= S amnecnens
TriggerType: enum
InpUtFor InputPort CutputPort
— 4 -t*itnmhh <<ADMPIOR== |40 - gf;\'::;i e H . iir;pmui o= e | ==AtOmProX==
Frirmitive System Simulink Mumber: fiald |° or o o > O umber: el
==hiodel=» ==hotel=> a=Falder== Murnhber: field - -
B =0
Deadling : field Marne : field
EsztutionTime : field ¥ QulputPort RTConstaint
Periog: neld e R e i - T G
Murnber: field Latency © field
.= 3 %
Reference Ling o Connector l
==Model= ==Connection== [__ :_ ==Alom== Component
o <<ModelProwy=>
SourceType:  field Marme fleld
. CMame field
SourceBlock . fleld -
Functional blocks — SW Component Mapping

Sztipanovits: 17



VCP Tool-Chain: -
Tools and Interfaces @

Design Space .
Exploration Tlmlng_
Analysis

ECSL-DP/GME

ot ey S i WS
. S
G B i s
I\ Al ComtemECU
T e e
T el i B Z £l N
i
Fomari T T
5
™ :
B

RWDefo, T

e A =

"Code Generatd'f'lnéu
GReAT

Sztipanovits: 18



VCP Tool Chain Output

Functional Code

BU_ :KLA SAM_H BSG

BO_ 2 KLA Al: 1 KLA
. HHS_BA Request : 7|1@04+ (1.0) [0]1] " SAM_H
BO_ 3 SAM_H_Al: 1 SAM_H

SG_ HHS_ST SpaErr : 6100+ (
SG_ HHS ST On : 7|1@0+ ¢1.0)
10y

FEraTs——

1] " KLa
"KLa

S —

! cane oETERGRATSG SGC KI_15_EIN : §|le0+ K4
TP A BO_ 1 BSG_Al: 1 BSG

SG_ BN_NTLF_P2 7|1@0+ (1.0) [0]0] AM_H
5G_ SPG_UEE Err : 3|3@0+ (1,0) [0]2] " SaH H

BO_ 1024 NM_BSG: § BSG
SG_ NM_BSG : 7|64@0+ {1.0) [0]0] "' BSG.SAM_H KLA

BO_ 1025 NM_SAM H: & SAM H ==
SG_ NM_SAM H : 7|64@0+ (1.0) [0]0] " BSG.SAM_H KLA

BO_ 1026 NM_KLA
S

2 KLA
WM_KLE : 7|64@0+ (1.0) [0]0] BSG.SaM_H.KLa

EV_ HHS_Request: 0 [0]0] " 0 1 DUMMY NODE VECTORZ KLA:
EV_ HHS_Request_phys=: 1 [0]0] *" 0 2 DUMMY_WODE_VECTOR2 KL&:

EV_ HHS_LED: 0 [0]0] "" 0 3 DUMMY NODE VECTORZ KLA;

EV_ HHS_LED phys: 1 [0]0] 0 4 DUMMY_NODE_VECTORZ KL&:

EV_ HHS_DEFECT: 0O [0]0] "" 0 5 DUMMY_NODE_VECTORZ SaM_H:

EV_ HHS_DEFECT_phys: 1 [0]10] "* 0 & DUMMY_NODE_VECTORZ SAM_H:

EV_ T_AUSSEN: 0 [0]0] "* 0 7 DUMMY_NODE_VECTORZ SAM_H.

EV_ T_AUSSEN phys: 1 [0]0] " 0 & DUMMY NODE YECTOR2 SAM_H;

EV_ KL_15_EIN: 0 [0]0] "" 0 9 DUMMY NODE VECTORZ SAM_H:

EV_ KL_15_EIN_phys: 1 [010] " 0 10 DUMMY_NODE_VECTORZ SAM_H:

EV_ T_INNEN: 0 [0]0] "" 0 11 DUMMY_NODE_VECTORZ SAM_H:

EV_ T_INNEN_phys: 1 [0]0] "" 0 12 DUMMY NODE_VECTOR2Z SAM_H.

EV_ V_SIGNAL: 0O [0]0] "" 0 13 DUMMY_NODE_VECTOR2 SAM_H.

EV_ V_SIGNAL phys: 1 [0]0] "' 0 14 DUMMY_WODE_VECTOR2 SAM_H.
‘ ‘Ev, HI-‘IS,OUT. 0 [0]0] "' 0 15 DUMMY _NODE VECTORZ SAM H: J_[
“
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GME: Metaprogrammable
Modeling Tool

The Generic Modeling
Environment (GME) s
used for building
metamodels and s

customized by metamodelg

(metaprogrammability).

MetaGMLE combines
language constructs for

metamodeling and for
specifying concrete syntax
of DSML-s.

Metacircularity enables
changing metalanguages
without changing the
tool.

The metamodel_for
MetaGME s the meta-
metamodel — defined in
MetaGME.

GME Architecture

Decorator Decorator

-]
| 7

o UML / OCL

Paradigm Definition
I XML ,
3 -
DB #1 L L L] XML LI

Storage Options

— Configuration through UML and OCL-based metamodels
— Extensible architecture through COM

— Multiple standard backend support (ODBC, XML)

— Multiple language support: C++, VB, Python, Java, C#



The goal of UDM 1s to
have a conceptual view of
data/metadata that is

independent of the storage

format.

UDM provides uniform
access to data/metadata
such that storage formats

can be changed seamlessly
at either design time or
run time

UDM generates a
metadata/paradigm
specific API to access a
particular class of data.

Model Data Management:

The UDM Tool Suite

v

% GME UML

|

GME/UML
Interpreter

<Uml.xsd>

I 4

file

XML data

} UdmCopy
v
XML
(Meta) UDM.exe }

r
Backends
XML

MEM | CORBA | MGA \

Validates

Generic API

API Meta-
objects

User Progrgm

/




Model Transformation:
The “Workhorse” of MIC

MIC Model
transformation technology Hetamodel of
1s based on graph Metamodel of Input Metamodel of Output

transformation
semantics

Model transformations ar

specified using

metamodels and the code 1
automatically generated

Meta-level: Translator design

4
from the /
-

models.

2 | i1,

(<] > > (3]

é I & Rewrite g 1 g

é | % Engine % | é

2 E ., T

Models of kg | £ g 5)
:

+

{

z‘mnsfomzatz'ons are
expressed in a DSML
and built in GME.

* + '
Input Interface API API Output Interface
GReAT

Implementation: Execution




Integrated MIC Tool Suite

Modeling

The MIC tool suite is
metaprogrammable:
each component can be
customized to domain
specific modeling
languages by means of
metamodels.

Model Data
Management

Design Space
Exploration

Meta
Models

MMMMMM

All tools are available
from a quality controlled
open source reposz'tory.

uuuuuuuuuuuuu
»»»»»»

Open Tool Integration
Framework

Model Transformation

ESCHER Quality Controlled Repository:
http://escher.isis.vanderbilt.edu




Essential questions:

How do we know that the
model transformations
(model translator/code
generator) are correct?

How do we know that the
verified properties of the
models are preserved by tI

generated code running oy

the selected execution

platform?

Formally specifies the
modeling language(s)

[

Implicitly implements
the semantics of the
modeling language
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Specification of Behavioral
Semantics of DSML-s

* Behavioral semantics are defined with model

|[:R, — R,

C++ coding permats

transformations and semantic anchoring.

complex behavioral

- T — i
semantics, but the e e e = e —
“specifications” are = e 2 TH

Contginment - - I

cluttered with C++
details.

Graph transformations
provide a transparent
mechanism to attach
semantics. However, not

all behavioral semantics
ca be specified this way.

# 22 - (3BiCountrM,

ual= [£#7i2%1 - 3BRCouNMRTL e = | [an|

/’ ! Nalnmem

| = J = J =

Transitions

Representation as AST

r,
4 (_3++ Interpreter/Generator

/ Conversion to 5
I model editor é% )

fsmreact (fsm as FSM, e as Event) =
step let s as state = getcurrentstate (fsm, e)
step Tet pt as Transition? = getPreemptiverrasition (fsm, s, €)

ste
gpt <> null then dotransition (fsm, s, pt)

cnmpu[erstatus = new Fsm([],
Sta‘tEEtruE 50, nu

OFF, {ON,0FF

. {50 }EGNEROFF sTAaMpEY}, {T1})

Semantic anchoring with [ e i

ASM captures the best
of both worlds: Stmple
graph transformations
and simple behavioral
specifications.

stey
'iF isHierarchicalState (s5) then invokeSlaves (tsm, s, &)
Tet npt as Transition? = getNonpreemptiveTransition (Fsm,s,e)

Steg
if npt <> null then doTransition (fsm, s, npt)

Canonical definition of FSM
behavioral semantics in ASM

tate(tr 3
stateu-alse null, o, {} 4T %)

T 1tionEt ue, false, Event. on, null, oFF, ON)
true, false, nt.

. shut
Event. s leep,
Event. shutdown, null, STANDBEY , POWEROFF)

1= onder se,

= new Trans1t1un true tTalse,
= new Transition(true, false,
= new Transition(true, false,

Event. login, U1, LOGOUT, LOGIN)
= new Tr‘ans1t1m((rue fa15e.

Event. lognw: r\u'ﬂ LOGIN, LOGOUT)

Translatlon of GME model to
ASM data structures

« Simulation artifacts and test cases can be generated



E? Search for a Formal Framework

o Specification style: Operational semantics
o Solid mathematical foundation

e Tool support for core use cases:
— Readability (clear syntax and “good-enough” semantics)

— Validation/exploration of semantics (executable
specification)

— Verification of semantic equivalence (generation of
“reference traces”, integratability)

After evaluating several frameworks (Z, TLA+,..)
we selected ASM and the AsmL tool suite.
AsmL has been developed at MSR (Gurevich)

Sztipanovits: 28



E’ Example Specification : FSM

Abstract Data Model

Interpreter

structure Event
eventType as String
class State
initial as Boolean
var active as Boolean = false
class Transition
abstract class FSM
abstract property states
get
abstract property transitions
get
abstract property outTransitions as Map of
<State, Set of Transition>
get

as Set of State

abstract property dstState as Map of <Transition, State>

get

abstract property triggerEventType as Map of
<Transition, String>
get

abstract property outputEventType as Map of
<Transition, String>
get

as Set of Transition

abstract class FSM
Run (e as Event) as Event?
step
let CS as State = GetCurrentState ()
step

let enabledTs as Set of Transition = {t | t in

outTransitions (CS) where e.eventType =
triggerEventType(t)}
step
if Size (enabledTs) >= 1 then
choose t in enabledTs

step

CS.active := false
step

dstState(t) .active := true
step

if t in me.outputEventType then
return Event(outputEventType(t))
else
return null
else
return null

Underlying abstract machine: ASM
Language: AsmL

Sztipanovits: 29
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DSML Design Through Semantic
Anchorin

DSML M= Mg;o M, Semantic Unit i
@ DSML ‘ :>—> Wl U
A M, E
morApsmLi wr ToswL, sui

v
e

M;: yorApsmL—morAsui |7 —

e Stepl

— Specify the DSML by using metamodels.
e Step?2

— Select appropriate semantic units for the behavioral aspects of the DSML.
e Step 3

— Specify the semantic anchoring M, = A -> A by using UMT.




Experimental Tool Suite for
Semantic Anchorin

Metamodeling and Model Transformation Formal Framework for Semantic Units
Tools Specification
GME GReAT Tool ISemantic Unit Spec. AsmL Tools
Toolset
Model
ode Semantic Uni Operation Checker
(Dl\g\i;glr_ndoel :sz%sl. Rules |jmst=pp l(\/IAeei)taarlnct)dCeLIJ t + ggrzlcsnt?csa ==
4 A : -l Test Case
mé : Generatd : Instance ' Inst Generator
: ' : X nstance
Domain Model Transformaor| | Domain Model| XSLT |\/| Semantic Model
©) w ™ ©) ataModel | ework Simulator
« Metamodeling and Model = Tools for Semantic Unit
Transformation Tools Specification
— GME: Provide a MOF-based = ASM: A particular kind of
metamodeling and modeling mathematical machine, like the
environment. Turing machine. (Yuri Gurevich)
— GReAT: Build on GME for = AsmL: A formal specification
metamodel to metamodel language based on ASM.
transformation. (Microsoft Research)
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E? Example: HFSML => FSM-SU

GME GReAT Tool IFSM-SU Specification
Toolset

Operationa

HFSML I Model FSM
Semantics

Metamodel Trans. Rules |m===pp| Metamodel

(A) KCA (A)

N
Generate

I N\
I | < N

Abstract
Data Model

Spec.

Sy
=P
o-o-o,

A

1
: Instance
1

/
omain Model Transformatjon \‘\FSM Model XSLT

(©) w ¢ M Sexnantic
x ramewoyk

A

L
-

— oy
<’ ~r=

L E D4t MpJsdAEETEOED ¥ LA V.Y \
N T Hama TR ~ Aot Vst =] B N Zom [T =] -
LY
|
3|
- u ) i Fim| B3 Puf o |
e T T T
o

CreateEverivanants Creaer SMObmct  CroateStateCtiects Creaa TramsilonCescts

<<Model>> <<Atom>>

ModelEventDef |7 £ Dsta | s
<<Modelr>
name Sting. name:  Sking
description : String dataType : Integer 0
LocalEventDef description : String B
<<Model> v p———— Initialvalue - String .
] <<Model>> 5
A3
ModelEvent OutputEventsSeq
<<Alorm=> <sModel>>
o+
|order - Integer=1 | [ | e e "
Stateout |- =<Model>> N o o
< initial Gtateln cs
‘!-....‘ smesma0u | name String «<<Connection>>
: description ;. String Btk Expretsioniel Fomiod:
S ) -
k j i T =
Beat,

tuasd AmMETEEED 7
e Rapact{una =] o N8 Zaom [I00X =]

i

Jo." or
Event s Sematnn Transition
T <<Model>>
<<plomer  |oupsEven Model
name String i guard: String [T
description : String [* 7 name : String
preemptive - Boolean=false
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Example: HFSML => FSM-SU

GME GReAT Tool IFSM-SU Specification
Toolset 5
HFSML Model FSM Operationa
Abstract .
Metamodel Trans. Rules [===fp| Metamodel Data Model + Semantics
(A) (M) (A) Spec.
3 : R |
mé . Generate : /t ' )
" . 4 Anstance ' Instance \
' — \
Domain Model X £sM Model XSLT Data Model \
© (C) ASM Semantic |
ramework 1
[ \ 4
tructure Event React (e as Event) as Event?
eventType as String step
let CS as State = GetCurrentState ()
cI?ss State i step
!d_ _ 5 Bl let enabledTs as Set of Transition = {t | t in outTransitions (CS) where
CCEEY 23 Bl e.eventType = triggerEventType(t)}

var active as Boolean = false
step

if Size (enabledTs) = 1 then

class Transition 2
choose t in enabledTs

id as String

step
abstract class FSM // WriteLine (“Execute transition: ™ + t.id)
id as String CS.active := false
step
abstract property states as Set of State dstState(t).active := true
get step
abstract property transitions as Set of Transition if t in me.outputEventType then
get . . return Event(outputEventType(t))
abstract property outTransitions as Map of <State, Set of Transition> A
get
abstract property dstState as Map of <Transition, State> else return null
et
abgtract property triggerEventType as Map of <Transition, String> if Size(enabledTs) > 1 then
get error ('NON-DETERMINISM ERRORI'")
abstract property outputEventType as Map of <Transition, String> else

return null
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Example: HFSML => FSM-SU

GME
Toolset

GReAT Tool

IFSM-SU Specification

HFSML Model

FSM Abstract

Domain Model

(©

Transformatjoni

Engine

Metamodel Trans. Rules |m===pp| Metamodel D
ata Model
(A) (M,) (A) Spec.
) : A :
s |
Mc% + Generatel E Instance ' Instance
| !

FSM Model XSLT

(C)

N

Data Model

A\ 4

\ mewo}rk

B Pl € vew Vndow bl
S il a

Eml?

R T Move[ChockusMochen F5M " Zom [0
)
z —
5/ Y
i
& ActvelocaEvertsSet  OupUiEventsseq
-
T1 O ]
[ T3 @
oM ModalEventDaf  LocaEventDef
-
T2
€ »
Data
Activel ocalEvents Set
(74 .
FiMaapsct |
[
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Operational
Semantics

ASM Semantic

\ ~

P
& x L A d
\ init5tateAutomaton() as Statefutomaton '
let 51 = State("51", true)
\ let 52 = 5tate("52", false)
= |‘ Tlet T1 = Transition("71")
ST hermLADS _id="id988" fileName="" xmins:xsi="http:/ /www.w3.0rg let el = Event("e1")
xsitnoNamespaceSchemalocation: DMY\AsmL.xsd"> let 5 = {51, 52}
- <F5SM id="ChecksumMaching" _id¥"id9d5" initialState="OFF"> _
+ =Children _id="id9f4"> Tet T {Tl}
<localEvents | 9e5" /> let E = {el}
=0utputEvents _id="id9e0" /= let Connections = {T1 -» (51, 52)}
<{F5“:> eidogb let TriggerEvent = 4T1 -» a1}
+ <Input _id="i " _
+ <LocalEvent _id="idobf'> let OquL_JtEvent = {T1 -= el}
+ «ModelEvent _jd="id9ad"> let Initialstate = 51
- <State id="OFF' _id="ida17" active="false" master="" initial="true|l  return new StateAutomaton(S,T,E,Connections, TriggerEvent, OutputEvent,
+ «<0utTransitions _id="ida5h"> Initial Sta‘te)
<Slaves _id="ida3d" />
</Statex
+ «State id="ON" _| initial="false"
+ <State id="ZERO' 'ida74" active="false" mast ON" initi alse" initialState=""x»
+ «State id="ONE" _i da75" active="false" master="0ON" initial="false" initialStat >
=Transition id="T11" _id="idade" dst="ONE" src="ZERQ" guard="true" preemptive="false" outputEvent=""
triggerEvent="LocalEvent.one" />
'T12" _id="idadf" dst="ZERO" src="ONE" guard="true" preemptive="false" outputEvent=""
triggerEvent="LocalEvent.one" />
«Transition id="T13" _id="idae0" dst="ZEROQ" src="ZEROQ" guard="true" preemptive="false" outputEvent=""
triggerEvent="LocalEvent.zero" /=
=Transition id="T14" _id="idael" dst="ONE" src="ONE" guard="true" preemptive="false" outputEvent=""
R triggerEvent="LocalEvent.zero" />
#ar [anere <Transition id="T1" _id="idb0e" dst="ON" src="OFF" guard="true" preemptive="false" outputEvent="ModelEvent.start"

triggerEvent="" />
=Transition id="T2" _| dbOf" dst="OFF" src="ON" guard="true" preemptive="false" outputEvent="" triggerEvent="ModelEvent.stop" /:
«<Transition id="T3" _id="idb10" dst="ON" src="ON" guard="true" preemptive="false" outputEvent=""
triggerEvent="ModelEvent.reset" />
</hsmLADS s




V Content

 Introduction
— Basic concepts: platforms, abstractions and DSML-s

 Model Integrated Computing
— Structural and Behavioral Semantics

— Metamodel composition
— MIC Tool Suite

« Making Behavioral Semantics Explicit
— Semantic anchoring
— Remarks on composition

—
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E’ Heterogeneous DSMLs

* Heterogeneity of systems

— Complex systems are composed of heterogeneous
components using heterogeneous interactions.
Modeling and design of heterogeneous systems is a
significant challenge.

* Heterogeneity of tool chains

— Tool chains supporting domain-specific design flows
Integrate modeling, analysis and synthesis tools using
DSMLs with overlapping semantics.

 The semantics of a heterogeneous DSML is
probably not captured by a single predefined
semantic unit.
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Example: EFSM

« EFSM has been developed by General Motors Research to specify vehicle
motion control (VMC) software.

« The SEFSM model is a synchronous reactive system including a set of
components communicating through event channels and data channels.

* A SEFSM component is an FSM-based model, which integrates a set of
stateless computational functions that consume input data and produce
output data.

* Events determine which components are to be activated and the order of

activations.
IDP1 S
§ DPI DRt ¢ *\\SEFSM System Ba;.a E_(;4—7b
‘ IDP2 \.‘ EC1 PR
| 7t — o @.°
» EP ~— / o OEFP I Nl o faction1f L@
o, [guard1]/ B, |actiont] » m
B.[guard1] /faction3],p
IDP1 ODP1
D1
o @co Ly ENTC gl ol s A
i ODP1 ﬁ.-d1 J"-t' 4/,
u, [guard2|/v, §action2 t<l guardt/actiond
/[action 1K (actiond
§ DP1
A SEFSM Component Model A SEFSM System Model
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Modular Specification of @

Semantics
PR —————— Remark: The behavioral composition
R = RoRsurRsuz> ‘ specifies a controller, which
O R PO restricts the executions of
Run_Q~ : _ RunO actions. Since the behavior of
m & Mc= I(A) the embedded semantic units
can be described as partial
G Ae 2 Asu G Ae A orders on the sets of actions
~ su vz . they can perform, the behavioral
ey il composition can be modeled
: : mathematically as a compaosition
] Rsus Rz i of the partial orders.
i T
L sw ) C s.. )

« Structural Composition yields the composed Abstract Data Model,

A=<A., Ay, Auzi 91,9, > where gl, g2 are the partial maps between
concepts in Ag, Agyq, and Ag, -

e Behavioral composition is completed by the R set of rules that together
with Rg;; and Rgy,, form the R rule set for the composed semantics.

Szti




§ IDP1

§ IDP1
ODP1 ¢

» EP

§ DrP2

c.;{',"'|guard1 | /B, :|action1 \

IDP1 ODP1
I IDP2 @ o OoDP2

tion3 ¥ ODP1
u, [guard2]/v, §action2 t<
- N ODP2

§ DP1

OEFP I

I

A SEFSM Component Model

The Compositional Structure for
SEFSM Components

» SEFSM _
Component elin/elout
FSM e2in/ e2out
|
GuardMap W‘

o b {(s,elin, guardl)}

v {(t,e2in, guard?)}

elout v ({actionl}. 7}

e2out v ({action2,action3, actiond}, v)

SDF

action2

Internal Structure

The behavior of SEFSM components can be divided into two different
behavioral aspects: the FSM-based behavior expressing reactions to events
and the SDF-based behavior controlling the execution of computational
functions (actions and guards).
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The Compositional Structure for
SEFSM Systems

SEFSM System
Event Flow :"'"'_"'_'_'_""_'_"'_'_'_"":
i\‘SEFSM System B , action i aciiond] o Ecs I ‘\‘ AA-SU AA-SU LAA-SU P
\ ECH :
N » ». 2 » -
Loz | @.° A B C
“faction3] .
B, [guard1] "‘5 FSM FSM FSM
- T .
©.° o C ee I I I
p.[guard1]/factiond].p
» Action2
w > ~Hfaction Action3 \I L]
-action3 >
> [WAction3
SDF SDF
A SEFSM Conceptual Structure A Compositional Structure

« A SEFSM system is composed of a set of components, which

communicate with each other through event channels and data
channels.

 The semantics of SEFSM systems is defined as the composition
of FSM-SU and SDF-SU
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Summary

Rapid changes in implementation platforms
and heterogeneity of embedded systems
applications demand domain specific
approaches.

Recent advancements in model-based design
provide reusable infrastructure for building
domain specific tool chains or domain specific
extensions to established tool frameworks.

The key requirement is to make structural
and behavioral semantics explicit.

State-based and event-based semantics play
important role Iin this.



