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Platform-based design




Outline

“The ARTS framework
» basic model

“*Modelling multiprocessor System-on-Chip
» Simple multi media terminal

“*Modelling wirekess sensor networks
» Simple examples

sSummary

ARTS objectives

s System-level modeling framework
«+Bridging,
> Application

» RTOS Cross-layer optimization
» Execution platform
Processing elements
NoC
“*Supporting
» System-level analysis
> Early design space exploration




System-level analysis

«» Consequences of
» RTOS selection
scheduling, synchronization and resource allocation policies
» Processor selection
General purpose, semicustom or dedicated hardware
Network selection
topologies and communication protocols.
Task mapping to processors
software or hardware

Y

Y

<+ On
» Performance
> Area
» Memory profile
> Power
> ...

Basic ARTS model
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Uni-processor ...

Framework to experiment with
different RTOS strategies

Focus on analysis of timing
and resource sharing

Abstract software model, i.e.
no behavior/functionality

Easy to create tasks and
implement RTOS models

Based on SystemC

System model

+» Task messages:
> ready

» finished
+ RTOS commands:
06 .
> preenpt
» Resune
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Task model

run
C,==0 ready

Iresume

preempt

preemp

resume

Scheduling model

+« Aim: Simple way to describe the
scheduling algorithm

+» Scheduler should only handle one
message at a time

% Schedulers:
® ® 0 0 -

—-_— L | > DM
» EDF
l » static
rtNneo

scheduler




Data dependencies

13
synchronizer

scheduler
i)

Resource sharing

synchronizer

allocator

scheduler




Multi-processors

synchronizer

+ +

allocator

allocator

scheduler scheduler

Communication modelling

Fully interconnected or point-to-point
Allows concurrent communication
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Communication modelling

Bus-based
Shared resource

@0
ous | W

Communication modelling

Torus network
Concurrent, shared and multi-hop
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ARTS Framework

SoC communication interface (i.e. OCP 2.0)
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SoC allocator

SoC
resource usage
buffer

SoC scheduler

SoC communication layer model

ARTS Simulation framework based on SystemC

ARTS PE module:
»  Application
> os

» 10 ports (OCP 2.0 interface)
> 10 device drivers

ARTS Communication module:
> Network topology and protocol
> Network adapters

» 10 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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Outline

“*Modelling multiprocessor System-on-Chip

» Simple multi media terminal
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JPEG Encoder

QDD

JPEG Decoder

OO

Design of a hand-held multimedia terminal

GSM Decoder

Application  # tasks Deadline
JPEG Encoder 5 250 ms
JPEG Decoder 6 500 ms
MP3 Decoder 16 25 ms
GSM Encoder 53 20 ms
GSM Decoder 34 20 ms

GSM Encoder
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Case study: Execution platform

PE GPPO GPP1

GPP2

FPGA

ASIC

Frequency (MHz) 25 10

6.6

25]

25

EDF (Early Deadline First)
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Case study: Architectures

PE1 PE2 PE3 PE4 PES5 PE6
IP Type ASIC ASIC ASIC ASIC ASIC GPPO
oS - - - - - RM
Tasks 21 15 15 18 13 32
IP Type GPPO FPGA ASIC FPGA FPGA ASIC
os RM RM - RM RM
Tasks 18 15 21 18 18 24
IP Type ASIC FPGA ASIC GPPO ASIC GPPO
oS - RM - RM - RM
Tasks 15 15 15 18 19 32
IP Type ASIC FPGA ASIC GPPO ASIC GPPO
0os - EDF - EDF - EDF
Tasks 15 15 15 18 19 32
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Processor Utilization
Archl Arch2 Arch3 Arch4

a0

30

]

50

D .
FFEEFE  FIEEEY SV S5

12



Bus Contention
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Memory Profile of Arch3
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Memory Profile
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Outline

“*Modelling wirekess sensor networks
» Simple examples

Modelling wireless sensor networks
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Sensor network model

L] L

v

Environment link

V vV Vv
Sensor- Sensor- Sensor-
node ; node, oo node |

Sensor node model

Sensor Node

Scheduler
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Sensor Node

Energy modeling
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Send node

Communication example

Receive node

— e

allocator
scheduler

allocator
scheduler
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Modeling radio communication

Modeling the CSMA protocol
Sender:

Protocol TXp TXp
' ___camiersénse preamble data. .

CPU | | | | |
Transiver‘ ' | ' | |
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CSMA Protocol for sending

bo_counter>0

Isend .
bo_counter==
— .
send carrier
< sense

Ichannel clear

cs_counter>0

channel clear &
cs_counter==0

pr_counter>0

data_counter==0

pr_counter==0

data_counter>0
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Modeling radio communication
Sender:

Protocol | Txp

_____ __carriersénse preamble data
CPU
Transiver

Receiver:

Protocol

____,__..poltéhannel synchronize data—.
CPU | | |
Transiver |

Sensor network example

Example 1 Example 2

Legend: © sending and receiving nodes @ receiving nodes
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2 Embedded Systems Design

Example 1: Simple broadcast

Sending task Receiving task Application task
0 =idle 0 =idle 0 =idle

1 = back-Off 1 = polling 1 = ready

2 = carrier sensing 2 = synchronize 2 = running

3 = transmit preamble 3 = receive data 3 = preempted

4 = transmit data 4 = self-preempted

|0us |100us |200us |300us |4OCus |50Cus |6£)Ous 700us |800us |90Cus
LI | [N [N [ 1] [ ] [} [N [ [N 1] ]
Nodel_Processing_TaskI?i?i?i?i?i?i?i?i?i?i?i?i?i?i?i?i?i?i?i?i?l? 2] 2 2 2 2 T 21 2 2
Nodel_Receive_Protocol 1 [ 0 il o [if o 1 o Ji[ o [1] o Jifo
Nodel_Receive_TasH 0 ] o ] ol o] oo o]o
Nodel_Send_Protocol o]
Nodel_Send_Taskfa]alalalalalalalalalalalalalalalala]alalala] 0
Node2_Receive_Protocoll 1] 0 [1] 0 [1] 0 [1] 0 |1—\ 0 J1] 0 i o [l o i 0 [i[ 0 Ji[ 0

NodeZ_Receive_Tasklg 0 [ o T o J o PPl 0o [ o [ o oo Jo o

Node3_Receive_Protocoll1] 0 1] 0 [1] 0 [1[ 0 [1j2imeml 0 [i[ 0 [1] 0 [i] 0 [1[ 0 [1[ 0 [i] ©

Node3_Receive_Taskig| 0 | o [ o o J444afal o T o | o [ o T o J o Jo

Example 2: Radio interference

Sending task Receiving task Application task
0 =idle 0 =idle 0 =idle
1 = back-Off 1 = polling 1 = ready

2 = carrier sensing 2 =synchronize 2 = running
3 = transmit preamble 3 =receivedata 3 = preempted
4 = transmit data 4 = self-preempted

Ous , , 14PQup , [29Qup , [300up , |4P%u , [5PQu , [6PQup, |7Qup , [BPQus | [9pQu
Nodel_Receive_Protocol 1 [ofifo [afo [i[ o Jif 2 [ 3 1o
Nodel_Receive_TasH 0 | o I o | o | o Jaafalalalafala]o
Node1_Send_Taskf4la]a|ajalajala]alafalalalalalalalalalalafa] 0
Node2_Receive_Protocoll 1
Node2_Receive_Tasl 0

Node2_Send_Protocol| 0 e e s AT o
Node2_send_Taskfalala]afalalalalalalalalalala]2lalalalalalalalalalalalallalalalalalalalalalalalalalalalalalalo
Node3_Receive_Protocofi] 0 [1] 0 [1] 0 [1] 0 [1[BINNGSNNN 0 [1] 0 [1] o [1] 0 [1] o [1|BINNSENo|
Node3_Receive_Tasdo] 0 | 0 | 0 | 0 Jalajalafal o | o | o § o | o Ja4]4faja]o]
Node4_Receive_Protocofi] 0 1] 0 [1] 0 [1] 0 [1[BINNSNN 0 [1] 0 [1] 0 [1] 0 [1] o [1|ZjNmssio|
Node4 Receive Taso] 0 | 0 | 0 [ o JafafaJafa] o | o [ o | o | o Jafaf4f4fa]o
NodeS_Receive_Protocof L] 0 [1[ 0 [1[ 0 1] 0 [1] 0 [1[ 0 [il o [1[ 0 [i[ o [1[ o [i[|amsmiol
Node5 Receive Taso] 0 | 0 | o | 0o | o J o | o | o § o [ o J[4f44]4faj4]o]
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Example 3: Network routing

®
:
3

Legend: © sending and receiving nodes @ receiving nodes

Example 3: Routing

Sending task Receiving task Application task

0 =idle 0 =idle 0 =idle

1 = back-Off 1 = polling 1 = ready

2 = carrier sensing 2 = synchronize 2 = running

3 = transmit preamble 3 =receive data 3 = preempted

4 = transmit data 4 = self-preempted
_Node3_Recei ve_Protocol =1 [T 0 W0 @z Peeesd @0 @0 @0 [mp ]
I Node3_Recei ve_Task=0 [0 o o [4T4aT4T4T4T4T4 0 [0 o o o
~Node3_Rout i ng_Task=0 [ o
Node3_For war d_Pr ot ocol =0 [0
Node3_For war d_Task=0 [0
Node3_Send Protocol=1  [NNENENE  Pommnn
"Node3_Send_Task=2 EEEEEEE A A [A A4 [0
“Node2_Recei ve_Protocol =0 [0 | [0 WP B T [0 B0 W0 W0 @
I Node2_Recei ve_Task=0 [0 To o [4TaT4T4T4T0 o o [0 [0 o
“Node2_Rout i ng_Task=0 o I
Node2_For war d_Prot ocol =0 [0 3 0
Node2_Forward_Task=0 [0 EIEAE) CAI0) C) CA CA A EA CA EA LA LA EA A
_Nodel_Receive Protocol=0 [0 [ W0 WP @0 @z Pooe0 @0 @0 @0 [mo ]
_Nodel Receive Task=0  [1]0 I0 CAEACACAEA I0 ENEACACACN A CALA ) [0 I0 I0 I0




Example 3: Battery shortage

Sending task Receiving task Application task

0 =idle 0 =idle 0 =idle

1 = back-Off 1 = polling 1 = ready

2 = carrier sensing 2 = synchronize 2 = running

3 = transmit preamble 3 = receive data 3 = preempted

4 = transmit data 4 = self-preempted

T 321 us 643 us 965 us

Node3_Recei ve_Prot ocol =1 0 @0 @z [
Node3_Recei ve_Task=0 [0 0 [4T4T0 [0 [0 [0 [0 [0 |

Node3_For war d_Pr ot ocol =0
MdeS_For war d_Task=0
Node3_Send_Pr ot ocol =2
]\bde3_5end_Task=2
Node2_Recei ve_Pr ot ocol =1
]\bdeZ_Recei ve_Task=0
Node2_Rout i ng_Task=0
]\bdeZ_For war d_Prot ocol =0
Node2_For war d_Task=0
]\bdel_Recei ve_Protocol =1 1
Nodel_Receive_Task=0 [o]o [0 [4]4]4T4]4T0 [0 [AJ4 4]0 [0 [0 [0 [0 [0 ]

1
0
MdeS_Rout i ng_Task=0 0
0
0

Summary

s System-level modeling framework
+*Bridging,
» Application
» RTOS
» Execution platform
Processing elements
NoC
“*Supporting
» System-level analysis
» Early design space exploration
s*Applications
» MPSoC
> Wireless Sensor Networks
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Summary

*Work in progress
» Mixed-level simulation together with MPARM from
University of Bologna (Luca Benini)

» Linking to formal modelling based on UppAal from
University of Aalborg (Kim G. Larsen)

» Mixed TT and ET communication models and hierarchical
schedulers together with Technical University of Linkoping
(Petru Eles)

“To be used in the
» Thursdays Keynote on Wireless Sensor Networks
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