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The Future of SoCs Is .

Multicore Iﬁiﬁ]ﬂ@eras

Flexibility for Many MP Architectures
[ Interrupts J [ Interrupts ] Future development
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]
si+so |( si+so |[ sies0
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| ——r I [ ' ARM Cortex
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But, To ARM's Dismay, B
the Future (and Present) is I[TLTl]@eraS
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Multicore SoC Programming

Challenge: Parallel Software on Parallel Hardware |m@eras

& 1. Which programming model

= ' 4. How do | develop and verify a range

€ I LSeolele) (OLETalel sl el of reference applications for an MPSoC?
my customers...?

A V
4 5. Can | automate the
UL

software verification?

2. How do | parallelize the
application?

6. How do | deliver the software

and programming environment

@ to customers?

3. How do | build a
programming environment?

How do | model my custom CPU?

/

Which CPU do | choose?

Is this the right bus architecture? Which hardware IP do | need to develop?




Hardware / Software Complexity
Growth

Ilnperas

From 1990 to 2000 chip gate
capacity increased about 100x

But design complexity
Increased by 100,000x

This resulted in RTL functional
verification taking about 70% of
design resources

New technologies, new
methodologies

Constrained random
generation

Coverage driven verification
Dynamic assertion checking
Better debugging tools

Software code for embedded
systems is doubling annually

Amount of concurrency is
doubling every 18 months

Complexity of software driven
by concurrency, shared
resources

New technologies,
methodologies needed for
functional and performance
verification of embedded
software

Simulation (virtual platforms)
?27?7?

Conclusion: borrow from the
progress made in RTL
functional verification
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Embedded Software Tasks:
Hardware-Related Software

Boot OS

 Which OS?

 New version?

* New port?

« SMP?

« AMP?

* Performance
bugs

Dynamic
Compiled
Drivers
(LKMs)

Static
Compiled —fe—

Drivers
« New OS?

New driver?

How to verify
functionality?
How to debug core
+ peripheral?

© 2009 Imperas

Imperas

Bare Metal
Applications

Multicore?

Shared memory?
Functional bugs
Performance bugs

29-Jul-09



OS Issues

How to ... Ifﬁ]ﬂ@eras

Port OS to new platform
Port new version of OS T oo AN

Punthesizing the initial hotplug events...done.
aiting for sdev to be fully populated...done.

G O fro m SI n |e CO re to fctivating swap...Adding 112412k swap on sdevshda5. Priority:-1 extents:1 acro
b:112412k

jlone .
hecking root file system...fsck 1.40-WIP (14-Nou-Z2006)

m u Itlth re ad/m u |ti CO re O S g:::/.hdal: clean, 20204-116480 files, 121133,232934 blocks

XT3 FS on hdal, internal journal

betting the system clock..

kelect() to sdeusrtc to wait for clock tick timed out
leaning up ifupdown....

oading kernel modules...FATAL: Could not load ~lib-moduless2.6.23.11/modules.dq

p: Mo such file or directory

1 oading device-mapper support.
ISS u eS hEcking file systems...fsck 1.40-WIP (14-Nou-2006) 0xFFFFFFF
bctting kernel variables. . .done. [
I 1 uuntigg local filesystens...done. 0x1fa00000 cﬂnh'.ﬂ"ﬂr
MPS32 Memﬂrj’ c:il:iating su:pfill‘t_a suap...done. 021 fe00000 Flash
r 3 = ing up networking....
4KEC Smartprom {RAM) unfigﬂriﬁg network Ei‘nf.enr-fm:es. . .done. 01 FI00000 | Controller
(Linzg | | : FPGA
| ‘ UART
LOGCAL BUS 01 000000 | FPGA
g 0x 12400000
‘ SOL | 0116000000 Flash
Malta usrT (1Te2y | | SysContret | |2 ey | [useTtrvo) | | KbCentrel || '
FRGA || (184500 || GTes12my| |@ )| | (SuperD} | | (Supercy || VO* oxtbeonaoo | Controller
| 11 ] g ]| I | || | ==
5 0x18000000 L&
T s PCl
Iy
o r - r o . . - Dmm
DE IntCantrol PIiX4 use || em [[ RTC | | Timer
(PILX4) (Basa) | (PIRE4) | | (PIRCA] | | (PILX4Y | {PIX4) MMamory
|
POl ALK
000000000 SmartProm

P Conig

Compiled LKM Bare Metal

Boot OS Drivers Drivers Applications




Static & Dynamic Driver

Issues Innperas

How to ...
POrt drlver tO neW OS B VGA (Imperas MIPS32 Malta) (Not Responding)

A A

Develop driver for new peripheral
Verlfy d rlver .I:u nCtIOnal Ity gazz:;ﬁiiﬁsdz'rgugefill handler (23 instructions).

NET: Registered protocol family 16
PCI quirk: region 1100-1106f claimed by PIIX4 SHMB

Debug core + peripheral o s i b e il

IP route cache hash table entries: 1024 (order: 0, 4096 bytes)

TCP established hash table entries: 4096 (order: 3, 49152 bytes)

Sl I ' l u |taneou3| TCP bind hash table entries: 4096 (order: 3, 32768 bytes)
TCP: Hash tables configured (established 4096 bind 4096)

MPEIX2 TCP reno registered
AKEC checking if image is initramfs...it isn’t (no cpio magic): looks like an initrd
Freeing initrd memory: 2854k freed
UF5: Disk guotas dguot 6.5.1
Dyuot-cache hash table entries: 1024 (order 0, 4096 bytes)
Installing knfsd (copyright (C) 1996 okir@monad.swb.de).

io scheduler noop registered
: io scheduler anticipatory registered (default)

io scheduler deadline registered

io scheduler cfy registered
Mata IS TCI: Enabling device 0000:00:12.0 (0000 -> 000Z)
FPGA [ RAM (4096 kB) at 0xx10000000, Cirrus Logic chipset on PCI bus

- cirrusfb: Driver for Cirrus Logic based graphic boards, vZ.0-pred
Console: switching to colour frame buffer device BOx30

N [ ] [

IneCantrol P4 use | [ P |[ RTC | [ Timer|
(PILA) (Basa) (PIX4) | | (PIKA) | |(PIX4Y |(PIiX4)

Compiled LKM Bare Metal

Boot OS Drivers Drivers Applications




Issues With Bare Metal

Applications
How to ...

Analyze shared memory

Develop on multicore
platforms
Find functional bugs

Find performance bugs

Ilnperas

Boot OS

Windows XP PC
Compressed Audio De_COd_e
Audio File Demo Application
A
Windows
Y /' Application
A
MIPS32 Core Model
Windows USB
4 4 Protocol Stack
v v & Driver
PSE Model intercept » ¢

Memory <8 *>| Library Actual USB

USB Peripheral Model Host Peripheral
OVPsim: MIPS- based virtual platform
USB Port
USB k
Speakerse -
Compiled | L.KM Bare Metal
Drivers Drivers Applications
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Complex Platforms (AMP)

Bring It All Together I[Tﬁﬂ@el'as

Data Processing System Management
[Producert ]
repe 1 e —={Consumer] MP SoC users may only use 1
7 or 2 cores for Linux, the

-Producer3 : . )
remainder for data processing
: : ¥ applications

Shared
Memory
WKES | [marom | (A
{Linuody
| |
[Lale [LIN}-] . /
: | g . | SDL |
| reaa | [Mheie” || Grease | |8 |"1“-::..i:'-.‘.n~|l';‘;;'p:..'e:;'*_ [y || vaa |
| T el N | P M| At
{ PO BACE :‘-
' LKM Bare Metal
Boot OS CO”.‘p"ed r— : C
Drivers Drivers Applications
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Simulation is Necessary I[ﬁ]ﬂ@eras

Unimaginable to build a SoC today without
simulation of the hardware

Similarly, embedded software needs simulation
as part of the development flow

Earlier start to development
Easier to find/fix bugs

Virtual platform needs

Open source models developed in non-proprietary
language

Easy to develop new models

Fast simulation
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Open Virtual Platforms (OVP) Iﬁiﬁ]@eras

Modeling APIs
Publishing of C OVP APIs for Processor, Peripheral, and Platform modeling
Documentation & header files
Open source library of models
C source of models written to C OVP APIs
Processor models of ARM, ARC, MIPS, OpenRisc OR1K, x86, ...
Peripheral models of standard embedded devices
Example embedded platforms in C, C++, SystemC, TLM-2.0
Including full platforms that boot operating systems like Linux, Nucleus
OVP reference simulator, free for non-commercial use
Runs processor models fast, 500 MIPS typical
Interfaces to GDB via RSP/socket
MP capable, scalable and very efficient

Can encapsulate existing processor models (ISS)
Callable with C/C++/SystemC/TLM-2.0 wrapper ( , \ / i )
www.OVPworld.org

Open Virtual Platforms
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OVPsim multicore2 W@@Gras
2 Processor Platform (2x MIPS32)

Application is Fibonacci
Prodessar SR series generated on one
<= > and read by second
- [Cocal Memory processor from shared
e > memory

Locallbiemiory Local memory
<= > heap and stack

Progessor Shared memory

program and data
Easy to create platform and use

C:\> platform .exe application .elf

Loads application into shared memory and runs it
On 3GHz PC runs up to 500 MIPS

© 2009 Imperas 29-Jul-09



I
OVP SyStem C TL M 2 'O B MULTICORE DESIGN SIMPLIFIED

Demo OVPsim_multicore2 tim2.0 Ilﬁﬁ]ﬂ@eras

Platform

Sub-system 1

mips32
icmCpu

DecodeBusLT
(m_bus_sh)

! + Direct Memory Inte E : rect Memory Interface « i
i OO O000000000000 o+’ Memory oioo ooooooooooooo :00000: :
: 5 (shared) ! ;

1 ‘ 1

DecodeBusLT
(m_bus_1)
DecodeBusLT

= Local memory for heap and stack

= Shared memory for program and data

= Application is Fibonacci series generated on one processor, and read by second from shared memory
= Very simple to use and runs very fast

Page 18
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OVPsim booting uClinux
on ARM Atmel AT91sam7

RAMDISK: romfz filesystem found at block O
RAMDISK: Loading 771 blocks [1 disk] into ram disk,.. done,
YFS: Mounted root (romfs filesystem) readonly,

Freeing init memoryi 44k

Shell irwoked to run filed Jetcdro
Command; hosthame GDB-ARMulator
Command: /bindexpand Aetc/ramfs,ing Adevdraml
Command: mount -t proc proc Aproc
Command; mount -t ext2 Adewdraml Avar
Command; mkdir Avar/tmp

Command; mkdir Avardlog

Commands mkdir Avardrun

Command; mkdir Avardlock

Command; mkdir Avar/empty

Commands cat fetc/motd

Welcome to
e |
Y
A Y Y O O ARV
T Y 1 I Y
N [ T I B Y RPN

GIB/ARMulator support by <davidm@snapgear,com>
For further information check:
http:/ A, ucl inu, orgs

Execution Finizhed, Exiting
Sash conmand shell (wersion 1,1,1)

2
ash command shell (wersion 1,1.1)

Ilnperas

interrupts

Terminal

Keyboard

Boot uClinux

ARM7TDMI

SRAM

ASB

16-Mbit

AIC

USART

USART

| Power Saving I—

[ chipid

| Watchdog

—

NS

Timer
Counter

Parallel 10 Controller

Flash Memory

© 2009 Imperas
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OVPsim MIPS Linux platform
S

NIT: version Z.86 booting

ptarting the hotplug events dispatcher: udeud.
Bynthesizing the initial hotplug events...done.

laiting for ~dev to be fully populated...done.

hctivating swap...Adding 112412k swap on ~dev/hda5. Priority:-1 extents:1 acro:
f 1112412k

jlone .

hecking root file system...fsck 1.40-WIP (14-Nou-Z2006)
deushdal: clean, 20204-116480 files, 121133-232934 blocks
jlone .

XT3 F8 on hdal, internal jourmal

fetting the system clock..

felect() to sdeuvsrtc to wait for clock tick timed out
leaning up ifupdoun..

onading kernel modules...FATAL: Could not load ~libs/modules-Z.6.23.11/nodules.dq

t No such file or directory

onading device-mapper support.

hecking file systems...fsck 1.40-WIP (14-Nou-2006)
flone .

HPE32 Memory
4KEc Srartprom (RAN)
{ Linuo)
OGBS
| SDL |
Maita | [UarT (17v2)| [ SysControl | |8 [uarT (1) | [uasT (1Tvoy | [ KbControl ||y oy
FPGA {1E450) (GTE4120) f (SuperiC) (SuperlC) {Superl)
E
&
PLl BUS ~
IDE IntCantrol Pl UsSBe PM RTC || Timer
(PICX4) (Base) (PIX4) | | (PI4) | | {PI4)| | (PILX4)
.
1 Pl Wi .:
FCi Gankg

Boot Linux on Windows PC...
Easy to run: platform .exe vmlinux

© 2009 Imperas
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OXFFFFFFE
0x1fd00000 Controller
0x1fc00000 Flash
Ox1FI00000 | Conftroller |
FPGA,
UART
0x1f000000 | FPGA .
01400000
01000000 Flash
015600000 | C“';"_‘I’"“’
B
0x18000000 10
(=]
Ivfemmecry
0x0S000000
Memory
000000000 SmartProm
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OVPsim Heterogeneous Platform
ARM Nucleus / MIPS SMP Linux

telnet localhost 9999

[ graham @ Inx16:~/workspaceAnmintegrator <3 BEER
Tack 5 Event Detections: 22
RX Buffer:
Mucleus PLUS 2.2 Demonstration
Build Timestamp - Jul 18 2009/02:18:62 R u n P | at f O r m
Task 0 Time} 24
Timer Interrupts: 2400
Task 1 Hessages Sent; 9503395
Task 2 Messages Receiwed? 9503335
Task 2 Invalid Messages: o
Tack 3/4 Resource Ouner: Task 4 A
iT UART Memory
Task 5 Event Detections: % —PIARMO20T e (TTY2) (RAM)
Icor (16450)
R Buffer: -
config regs
il g reg:
SSRAM
LED .
SDRAM (‘ LOCAL BUS .~ / I tarned off
4/\L
RTC
PIC
L — MMC
A UART UART KbControl
Interface Malta (Sé'igﬂ‘gg)' arvy || arvo) VGA || (Superio)
(SuperlO) || (SuperlO)
F UART %
| = I
Al br PCIBUS >
h—
AHB
Decoder
UART L
i ( br \DE IntControl PlIX4 uUsB PM RTC | | Timer
Y j (PIIX4) (Base) (Pixa) || Puxa)[|Pixa)| [Prxa)
LCD Controller
L I I}
L PCI IACK )
Keyboard/Mouse 1 - Flash ; R
N < PCI Config D
L
Memory
(RAM)

Keyboard

Mouse




Case Study 1. CORE DESIGN S|
Automotive Electronics I[ﬂ]ﬂ@eras

Key need Is running more simulations

Platform is simple microcontroller based on
ARMY7

Simulation speed of the vendor simulator was too
slow for complete regression runs in reasonable
amount of time

Used Open Virtual Platforms to achieve 50x
simulation speed improvement

Simulation speed is enough
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Case Study 2: CORE DESIGN S|
Home Entertainment System I['n]ﬂ@el'as

Original SoC Cost Reduction SoC
1 general purpose core 1 general purpose core
Running Linux 2.6.n Running Linux 2.6.n+m
12 proprietary DSPs 2"d general purpose core for
3 DDR1 memory banks housekeeping
1 dedicated to general 12 proprietary DSPs
purpose core 2 DDR2 memory banks

Not dedicated to general
purpose core

Cost reduction SoC has hardware fully verified, uses existing software
Chip brought up in lab, fully functional, but ...

Runs at half the speed in about 30% of the operating scenarios
Insufficient diagnostics on chip for debug

Simulation platform built, but by itself not able to debug problem
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Simulation Is Necessary,

But Not Sufficient Ilfnm@el'as

Simulation is only the infrastructure

Just like on the hardware side, with more
complexity in the software, new tools and
methodology are needed

Need to find functional bugs and performance
bugs

Need new metrics

© 2009 Imperas 29-Jul-09



New Tools/Methodologies I[ﬁ]ﬂ@eras

Non-intrusive: cannot have “heisenbugs”
Work on heterogeneous, AMP platforms

Address functional and performance bugs
Deadlock, race, stall, ...
Cache thrashing, performance bottlenecks, ...

Provide introspection of the complete platform
Processors, peripherals, memory

Metrics
Code coverage

Functional coverage
?7?7?
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Dynamic Assertion Checking |[ﬁ]ﬂ@eras

Heterogeneous System

= » RGB
7 Out [ARM
Mixer
5 YUV ===
| > out [BE]
=
Communication
implemented as
shared memory
protected by
semaphores ...
Shared
=> Risk of Memory
deadlocks !!!

© 2009 Imperas

Control Simulation

Processors and
peripherals

Force application into
potential error state

Create worst case
conditions quickly

29-Jul-09



User Defined Dynamic

Assertions W@E))eras

Create a specific user assertion
Buffer is not accessed without a lock

Complex sequence of operations
Over multiple processor cores

Buffer!| I Tock & /’1 Format

Data — Out |ARM

Data 1 —

. Format _—__
' Out

_ 3. Read & write data
Data Buffer written

without lock on one 1. Check for lock

channel! 4. Release lock
2. Acquire lock
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Platform Introspection for

Debugging Driver Software Im@eras

Debug the software running on
processor(s) with all platform

executing
Enter Genera Introspection enables view of
Exception Handler other platform components,
Return Including all reqisters

Ability to switch from code on
User cats’ different processors onto code

Inside behavioral models
Enter General

Exception Handler Standard gdb features

time

» Character Sent

Process Serial
Return
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Ilnperas

Conclusions

Embedded software development is hard, and getting
harder very quickly

Need to recognize the real issues — the development
tasks that need to be successful — and address those
needs

Virtual platforms (models and simulation) are necessary,
but ...

New tools and methodologies, including metrics, are
required
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