
Formalizing the ARTS
MPSoC Model in UPPAAL

Jan Madsen

Embedded Systems Engineering Group

Informatics and Mathematical Modeling
Technical University of Denmark

ARTIST2



�� �� �� � ��	 
�� 
 � ��� � �	 � �� � � � � � � �� � �� � �� � �� �

Motivation

CELL processor



�� �� �� � ��	 
�� 
 � ��� � �	 � �� � � � � � � �� � �� � �� � �� �

a b c

Model of system 
implementation

Motivation 

1 2 os

3

4

L1 L2

L3

R1 R2 R3

1

3
4

2

Application model

a b c

System platform

System-level
design tasks

os os



�� �� �� � ��	 
�� 
 � ��� � �	 � �� � � � � � � �� � �� � �� � � � �

Outline

� The ARTS framework
� Formalizing ARTS
� MOVES
� Example
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ARTS objectives

� System-level modeling framework
� Bridging, 

� Application
� RTOS 
� Execution platform 

� Processing elements
� NoC

� Supporting
� System-level analysis
� Early design space exploration

1 2 os

3

4

a b c

L1 L2

L3

R1 R2 R3

Model of system 
implementation

&URVV�OD\HU RSWLPL]DWLRQ



�� �� �� � ��	 
�� 
 � ��� � �	 � �� � � � � � � �� � �� � �� � � � �

ARTS framework

1 2 os

3

4

a b c

L1 L2

L3

R1 R2 R3

Model of system 
implementation

ARTS model in SystemC



�� �� �� � ��	 
�� 
 � ��� � �	 � �� � � � � � � �� � �� � �� � � � �

,QWHUP HGLDWH̃
DGDSWHU−

,QWHUP HGLDWH̃
DGDSWHU�

,QWHUP HGLDWH̃
DGDSWHU1

6R&˜DOORFDWRU

6R&˜VFKHGXOHU

6R&
UHVRXUFH̃XVDJH̃

EXIIHU

,2 ˜SRUW− ,2 S̃RUW� ,2 S̃RUW1

6R&˜FRP P XQLFDWLRQ̃LQWHUIDFH̃˛LłHł˜2 &3 �̃ łžˇ

ł ł̃ ł̃

6R& F̃RP P XQLFDWLRQ̃OD\ HŨP RGHO

ARTS Framework

� ARTS Simulation framework based on 
SystemC

� ARTS PE module:

� Application

� OS

� IO ports (OCP 2.0 interface)

� IO device drivers

� ARTS Communication module:

� Network topology and protocol

� Network adapters
� IO ports (OCP 2.0 interface)

� Applications of ARTS:

� MPSoC (NoC exploration)

� Wireless sensor networks

� Automotive systems (TT vs. ET)

� Dynamic reconfiguration

�
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Formalizing ARTS
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Timed Automata for a task



�� �� �� � ��	 
�� 
 � ��� � �	 � �� � � � � � � �� � �� � �� � �� � �

MOVES: Hiding UPPAAL!
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Required specification

E<>missedDeadline

E<>totalCostUsed(Memory)>=23 

E<>totalCostUsed(Energy)>=15
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Example: MPSoC specification
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Specifying the application

7DVN�W��� �QHZ�7DVN���������������������
7DVN�W��� �QHZ�7DVN��������������������
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Execution platform
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Mapping application onto platform
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e( 1)= [3] 

Traces

e( 1)= [1:3] 
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Handling realistic applications?
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* 60 (̃ QFRGHU

[Application from Marcus Schmitz, TU Linkoping]

Smart phone:
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Smart phone

� Tasks: 114
� Deadlines: [0.02: 0.5] sec
� Execution: [52 : 266.687] cycles
� Hyperperiod: 12.500.000 cycles
� ~2.500 task executions
� Platform:

� 6 processors, 25 MHz
� 1 bus

� Verified in 2.5 hours!
� Using a granularity of 400 cycles
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