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Motivation

1 The microprocessor will be the NAND
gate of the integrated systems in 2010

B Alan Naumann, President and CEO, CoWare
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Motivation

Simulation will remain a fundamental
design tool

B Functional validation

B Performance estimation

B Design-space exploration

B Design verification
B
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Motivation

Current ISS(+TLM) Is too slow for
B Functional verification

B Performance estimation

B Design-space exploration

B Only valid for final design verification
0 ISS+RTL(logic)
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Motivation

1 SW execution is only valid for

B [nitial functional validation
[l Temporal behavior missed
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SCope: Goal

HW/SW simulation platform for MpSoC
with NoC

Performance estimation
Power estimation
Fast

As accurate as possible
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SCope: Features Y

SW source-code simulation

B Two orders of magnitude faster than ISS
Abstract RTOS model

Abstraction of the microprocessor
Timed simulation

B Performance estimation

Power consumption estimation
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SCope: Features (cont.) oV

HW TLM(RTL) models
HW/SW communication
B Interruptions

B Drivers

TLMZ2 Bus model

DMA

NoC Interface
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SCope: Platform model Y
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SCope: RTOS modeling

SW Platform

Applic. Code

| [=]- [7] interrupions
Synchronization Module Loading

\
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Low-level HAL
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management
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PERFiIdiIX: HAL Modeling

HW/SW communication

B Drivers

1 Linux functions for drivers development

[l File system control and device management
B Bus Access

[l Reading and writing
B memory and peripherals

B Interruptions
L IRQ from HW platform
L Interrupt managers and masks
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PERFIdIX: SW Packages

POSIX-based RTOS allow inclusion of
standard packages

B Stack TCP/IP: IwlP

[l Reduced memory requirements

[l Several protocols implemented

® |P, ICMP, UDP, TCP, DHCP, ARP, ...
[J Uses a Ethernet driver model

B Connected using the network simulator
[0 Work in progress
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PERFIdIX: Execution time
and Energy estimation

OPERATOR
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PERFiIdiIX: Power estimation

Standard RISC processors exhibit stable power
consumption per instruction

Dynamic simulation allows estimating energy
consumption

B number of assembler instructions executed
B energy cost per instruction

Power estimation
B energy/execution times

Adaptive dynamic voltage-frequency scaling
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SCope: BUS modeling

Data Transfers
B payload (faster than word by word)

Interruptions

Mast -
TLM2 Proc. L e

M

Models =
B Several masters Priorities

Master Generic || HW
B Several slaves <F;ngC- BUS IF. || Slave
B Bus chaining |
B Stop / Abort DMA
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SCope: -
i : - / o
Generic peripheral interface

Bus protocol management
B Implements transport & send interrupt
B Manages Stop and Abort operations

B Waits corresponding time
[0 bandwidth and delay

Integrated using inheritance

B Allows modifying protocol management in a
specific peripheral

B Protocol functionality integrated in the
peripheral

B Declare bus ports automatically (SC_EXPORT)
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SCope:
Specific Peripheral models

<
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Network Interface

B Connects the bus and the NoC model

B Acts as slave

B Informs the processor through interrupts

DMA
B Master / Slave

B Moves payloads between other peripherals

Memory

B Allows modeling bus loads of data transfers
1 processor-memory and DMA-memory
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SCope: Network Modeling LG

Network on Chip simulator: Sicosys

B University of Cantabria (UC-ATC)

B Based on models of the NoC components
B Several NoC configurations

Integrated as a SystemC Thread

Computes when packages are in the NoC
B Otherwise Stopped
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Example: Vocoder GSM

Node 1

1 Two nodes connected through a NoC

| I

NoC
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Example: Performance Analysig®®

SW execution times
B Thread statistics

B Power consumption
Bus statistics

B Contentions

B Conflicts

Network
B Delays
B [atencies
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Example: Performance Analysis™”

PERFidiX Configuration Tool
File cConfiguration Yiew Time Costs Help

Signals | : Ghant Char

frocesses “8 Print Zoom Cursor
‘General | 5
~Processes o

(=3 Processes P 4 frame_lsp_func

& [ Pid: 2-IRQ P S frame_int_tol_func

@ 7 Pid: Z-preproce: | 8P 7 subframe_coder_func

& 3 Pid: 4-frame_lsp |:lP 12 post_filt_func

@ [ Pid: 5-frame_int._ P13 subframe_dec_func
[y Ti: 5-frame, P 14 LPC_dec_func

&3 Fig: &-varl_comp P16 serial_dec_func

&3 Pid: 7-subframe.

@ [ Pid: 8-ch_encode
D Tid: 8-ch_ent

@ [ Pid: 9-serializer.

© I Pid: 10-sid_code

@ 7 Pid: 11-dhoming

@ 3 Pid: 12-post_filt

& [ Pid: 13-subfram

& 9 Pid: 14-LPC_dec

® [T Pid: 15-rxdtx_cle

®- [ Pid: 16-serial_ce

System Process Execution Times

Tasks information
Select

Thread Scheduled | User{us) |SuperUser.
preproces... 3217 |253295 |22070
init_pre_pr... 2340 |250625 22210
init_output |7402 |[485251 33764
init_pre_filt 16199 [7777312  [160210
frame_lsp_... 8812 123166826 58250 S
fiframe_int_t..[3283 [123936968 (52630 ' NG TN
Mrad_comp_ [761 [1650795  [7230 fitzfunc

. 11 Msunframe_.. 15550 289579590 61020

© [ Pick 17-transmis | W0 "or oge . 2323 1153566 [23210
serializer f... 6035 549212 60210

sid_codew... 9826 589139 (98210

post_filt_func|6397 24647605 58620

subframe_... 4859 27436925 42470

LPC_dec ... |1649 12657977 [15750

] | Mot cec 216 33438 |2150

serial_dec_.. [72&0 2043701 71120

Console || Errors |
~General Information

Loading Database> Loading Tasks
Loading Database> Load Completed
Starting program

B

FHe®d [l 2 3 4 ™posadash@g X PERFIdIXCor © Sintitlo - Kol EINEdit[2]  ~ |k il W&  Diioi 20407
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Conclusions <oltos)

SystemC

B powerful framework for complex SoC
with NoC modeling

SCope
B Multiprocessing SW simulation

B SW power consumption

B Platform modeling
1 Bus, DMA, AS-HW, Memory, NoC IF, ...

B NoC simulation
[1 Sicosis
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