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SIMPLIFIED

Example Heterogeneous Systems mm@eras

SMP cores AMP cores SMP cores

X-Gene Fab_ric

Networking I/F Comms IfF Storage I/F
Network 106 I/0
Arcelerators

Integrated Communications |/O
Integrated NICs + 10/40/100G

Mobile Server
Accelerators
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How to Analyze and Debug

Heterogeneous Platforms? I[ﬂ]ﬂ@eras

Data Races
Heterogeneous systems have zeading to unpreditable resuks
unique issues ||med9nmmsmusm
: Deadlocks
Multlple processors Bringing the MP application to a halt ...
Different multiple processors Filte r-l-r
Multlple |SAS Lodcl'ruranlnwlheI Lock Iname F1 o vaite
_ _ Memory Corruption
Multiple operating systems 1 Leading to crashes & Inconsistent resutts
Hypervisors
Interprocessor communications Stalls
(coherent and non-coherent) Locks causing parformance |ssuss
Memory issues %S:ans ILu:kM.'ompt
.y Lock Fname F1 Lock Frarme F1
Race/deadlock/stall conditions | L,
I »
‘ Lock Frame F1
Lock Atbempt
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LIFIEL

Limitations of Hardware-Based
Ilnperas

Software Development

Traditional breadboard / emulation based testing
Limited physical system availability
Limited external test access (controllability)
Limited internal observability
Typically 6 months or more until available to
team

To get around these limitations, software is modified
printf added to code
Debug versions of OS kernels
Code is instrumented for specific analytical tools,
e.g. code coverage, profiling

Modified software may not have the same behavior

as clean source code

© 2014 Imperas Software Ltd 4-Jun-14



Agenda lﬁim[@eras

Programming on heterogeneous platforms

Limitations of hardware-based software development,
debug and test

Software simulation (virtual platform) advantages for
operating system porting, bring up and verification

Case study 1: Interprocessor communications with
Freescale Vybrid-Kinetis platform

Case study 2: OS porting, bring up and verification on
Altera Cyclone V SoC FPGA

Summary

© 2014 Imperas Software Ltd 4-Jun-14



Advantages of Virtual Platform MULTICORE DESIGN SIMPLIFIED

Based Software Development I[ﬁﬁ]lp)eras

Earlier system availability

Full controllability of platform both from external ports and internal nodes
Full visibility into platform
Performance can be faster than real time

Easy to replicate platform and test environment to support regression
testing on compute farms
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Virtual Platforms

(Software Simulation)

Software is executed unchanged,
such that the software does not
know that it is not executing on
the hardware

The virtual platform is a set of models that reflects the
hardware on which the software will execute

Subset / subsystem of a single device

Processor chip

Board

System
Models are typically written in C or SystemC

B Models for individual components — interrupt controller,
- -MIPS Memory UART, ethernet, ... — are connected just like in the
UART (TTY2)
P56 (16450) (RAM) hardware
Peripheral components can be connected to the real
) I R world by using the host workstation resources:
§ LOCAL SUS ) keyboard, mouse, screen, ethernet, USB, ...
T  VGA imperas MIPSIE Malia), ==_7x]
Mal SysControl UART (TTY1)| | KbControl VGA
Flf(;ti (éiei?gé’) (Sup(erIO) | | (superio)
UART (TTYO)
(SuperlO)
< PCIBUS l >
IDE IntControl PlIX4 USB PM RTC Timer
(PlIX4) (Base) (PlIX4) (PIX4) || (PIIX4)| | (PIIX4)
PCIIACK }
< PCI Config > llllll




: : e
Virtual Platforms Simulate the
B MULTICORE DESIGN SIMPLIFIED

Software Running on the |ﬁ[ﬁ]|;@eras

Hardware

Application Software binaries berinheral

& Operating System W

]
results

Application Software binaries berinheral

& Operating System I W

results(VP) = results(HW)

Page 16
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Software AnalySiS Tools on HW B MULTICORE DESIGN SIMPLIFIED

Platforms Have Validity Questions |ﬁﬁ]|;@eras

Application Software binaries berinheral
& Operating System

i

Application Software results

& parang Sysen | [

Add instrumentation,
debug kernel, ...

?
results(HW+ instrumentation) = results(HW)

Page 17

© 2014 Imperas Software Ltd 4-Jun-14




SOftware AnaIySiS TOOIS USing M MULTICORE DESIGN SIMPLIFIED

Binary Interception Techniques are |m|;@eras

Non-Intrusive

Application Software binaries berinheral

& Operating System W B
U
S

Application Software binaries

& Operating System

results(VP + instrumentation) = results(HW)

Page 18
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And Virtual Platform simulators

can be very fast Ilfﬁm[p)el'as

| Altera Nios Il ARM32 Imagination MIPS32
ik Simula.ted I.lun Simulated Simula.ted Iflun Simulated Simula.ted I.lun Simulated
Instructions | time MIPS Instructions time MIPS Instructions time MIPS
WGl 3 075 BAT 171 | 2525 1225 6,105,766,856 | 4.79s 1277 9,814,621,392 | 5.31s 1852
D sty 1,810,082,387 | 1.18s 1547 2,250,079,3589 | 2.32s o074 1,795,088,667 | 1.27s 1414
Wty 5 850,887,389 | 3.28s 17890 1,185,959,501 | 1.04s 1140 1,890,420,892 | 0.93s 2033
LU VLY 22 000,013,458 3.11s 7097 22.400,008,766 | 4.67s 4807 22,800,009,853 4s 5714
Xilinx MicroBlaze ARM AArch64 Imagination MIPS64
Benchmark] Simulated | Run Simulated Simulated Run Simulated Simulated Run Simulated
Instructions | time MIPS Instructions time MIPS Instructions time MIPS

Wrq 6386275159 | 3.77s | 1690 594,945 589 | 1.01s 504* 1,558,856.686 | 0.83s 1901
Ee 3770115740 | 261s | 1450 | 3.030.061475 | 2.79s 1086 1,590,004.345 | 1.23s 1293
M4 27,108.532.655) 13.23s | 2054 488,724,620 | 0.64s 750% 2133926552 | 099s | 2156
WEYLIWNpY 00 (00.023433| 5765 | 3826 | 11.200,003.894 | 3.73s 3011 | 17.100018.075 | 423s | 4052

PowerPC Renesas v850 Synopsys ARC
Benchmark] Simulated Run |Simulated| Simulated Run | Simulated | Simulated Run | Simulated
NCAMATK | hstructions | time MIPS Instructions time MIPS Instructions time MIPS

WY 3.163.966.113| 2955 | 1076 | 4.991.344.159 | 4.76s 1051 | 4184162664 | 3675 | 1143
ey 2.205.066.239 | 1755 | 1260 | 6410.133.101 | 4.01s 1603 | 3.155.082476 | 2755 | 1148
WY 6424 865755 | 3.97s | 1622 | 10296940591 | 7.41s 1393 | 7.883.567.047 | 44s 1796

WO LNeyd 00 400.002,937| 565 | 4007 | 22400007569 | 3535 | 6364 | 22000002100 | 4.05s | 5446

Example speed of Imperas simulation models
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And booting OS can be fast too Iﬁiﬁ]@eras

C\Windows \system32\cmd.exe Ll o [m] |
Info Final program counter : BxBAA1d668 .
Info Simulated instructions: 1,131.123.567 ﬁ tile -CA rt0
Info  Simulated MIPS : 20.0 ArmVersatileExpress-CA15/ua
Info A/input/inputh
Info = 3 ¥ ¥ X
Info shcore: registered new interface driver usbhid
Info CPU ‘ArmUerszatileExpress—CA1S-cpu_CPU2’ STATISTICS =hhid: USE HID core driver

Info Type : arm (Cortex—A15HPx4)>
Info Mominal MIPS E a

Info Final program counter : BxBAA1d668

Info Simulated instructions: 17.224.484.75%6

profile: no performance counters
profile: using timer interrupt.
CP: cubic registered

Inf Simulated MIPS : 304.2 : .
Infn ko ET: Registered protocol family 17

%ﬁo FP zupport vB.3: implementor 41 architecture 3
nro e - 2 O
Info CPU ﬂmwemahlﬂhmmssCMEmpuCHB‘STMIMI% tc-plW3l 1c1?WABB.rtc: setting system clock to :
Info Ty arm (Cortex—A15HPx4)> (515

Info Hom1na1 HIPS - 1888 LS5A device list:

Info Final program counter : BxBAA1d668

Info Simulated instructions: 1,110.697.986 Mo soundcards found.

Info Simulated MIPS : 19.6 reeing init memory: 188K
ﬂig input: ImExPS5-2 Generic Explorer Mouse as Asdevice
Inf B_kmisseriol/input-sinputl

o
Info TOTAL

Info Simulated instruct 22,568,501 ,091 . . . . P
o 2 af ed i Lacansy hisz root FS contains most basic linux utilities

Info Simulated MIPS : 398.5

?@o nd the Lynx web brouser.

nro

Info 5 5 & .
Info SIMULATION TIME STATISTICS ernel config is available through Aprocsconfig.c
Info Simulated time : 3264.16 seconds

Info User time : 55.61 seconds . .

Info System time Bl e elcome to OUP simulation from Imperas

Info Elapsel:.l time . : 56.89 seconds

%Egg Real time ratio = 57.37x faster og in as root with no passwurd.

Imperas login:
CpuManagerMulti finished: Mon Mar A3 26:58:3% 2814

CpuManagerMulti <{64-Bit)> v28148224_.8 Open Uirtual Flatform simulator from www.IMPERAS .com.
Visit www.IMPERAS.com for multicore debug,. verification and analysis solutions.

Preszs any key to continue . . . _

| | v s

Boot Linux on ARM Cortex-A15x4 = 6 seconds on Win7 laptop
Runs simulated Linux applications at 100s of MIPS

© 2014 Imperas Software Ltd ARM Linux boot  4-Jun-14



ARMv8 simulation using parallel

host-cpu resources

Simulation

'/Co rtex"-A57

ARM CoreSight™ Multicore Debug and Trace

NEON™
SIMD engine with
CYPLO ext.

ARMvE 32b/64b CPU |

Virtual 44b PA Floating Point
| Unit

32k D-Cache

48k |-Cache
with DED parity

ACP SCU L2 Cachg*meCQ 512!0 2MB)
L 4 ]
128-bit AMBA ACE Cohereg’Bus IRerfacd

* L

o - 4

Ilnperas

Advanced parallel
synchronization algorithm for
SMP, AMP and hardware
accelerators

Transparent operation to user:
No model, tool, software
changes

Total performance on
benchmarks recorded up to
16 Billion ins/sec

Performance advantage 15x
over nearest commercial
alternative

CPU Usage History

CPU Usage ‘I
Host Processors {% { .

© 2014 Imperas Software Ltd
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Case Study 1: Interprocessor

Communication on Freescale QI
Innperas

Vybrid — Kinetis Virtual Platform

fMij
interprocessor

communication
Vybrid VF5 Kinetis K60
ARM ARM
Cortex-A5UP Cortex-M4
UART
> UART
ADC DMAC
UART UART
CcCM DMA MGC

Freescale MQX RTOS running on each device
Uses MQX interprocessor communication capability
Open Virtual Platforms (OVP, www.OVPworld.org) models

© 2014 Imperas Software Ltd 4-Jun-14


http://www.ovpworld.org/

Multicore heterogeneous debug

IS heeded

Select target context

= i

Fis ESt View Progam Commands Staw Sowscs Dats Targew Took Heip
Contt AT abieEE T AMELC HbacH] Shopped

181 Gnad? offset - {(Unal2juses - (Una32)ibpa
offset &= 7

setuzn 14 uTypel [offaoet)

PRN_REN_MEAD
wetacn i

(readls) |
Level & int_snabled

FPN_MES_WNITE_COB (writeDMA)
* (s X ta

if (dnacs & 3)
bhadessage (*E", “PLOIY_DNS", "TNA mode not supported”)

ITE_CB (writab) |
heck if tramsmittes iy ensbled */
Gnsd ch » data

che_veite(ich, 1)

ant_level |+ BPONTI_KD_INT LEVEL TX.
update ()

PEN_MES_WRITE OB (writelCH) (
ant_L - (~data) & G

210 PPM_MEN_WRITE_CB{wrateINSC) |

Breskpount 1 st seart_kernel triggered for processer cpu_C9UD
stact_karnel () st indt/imsin o 469
459 {

ated breskpaint I at (x08048
hesal/UsrtPLOLL/L O/pse/uses ¢, Line 168

Beeakposat 2 st /heme/moote/Inpecas /Inperaslib/seurce/arn ovpworld org/peripharal MartPLOLL/L O/pse/u

e ¢ 198 txiggered for processer warth/[callback]

writelR (nddrs0xB092c£0, bytessl. uses=Oxi05Zcad chpertl sb_datar, dataséé, wrtafacthc

t /home/moore/Inpecas/Inperaalib/seucce/arm ovpwerld ecq/peripheral WastFLOIL/1 O/peeruses ¢ 198

198 Unsd ch = data
whe_write(bch. 1)

199
.6 n

D s e S

M [Imperas_iv. # [Aarmversatil M [Imperas_na = Console

5. File /home/mosce/Inperss/Inperasiib/sousce/sim ovpworld srg/perip

= Command

B MULTICORE DESIGN SIMPLIFIED

Imperas

T : =00 () Ir———— -}
nte Grp M W
Kae artll/[callback|
an
sen 147 DRHO000000 D
an L6 00000000 (B
aen - 000000000 (R
. Rx00000090 (R
g thoader 1 1200000000 [E
usbl 14z 0x00300000 ia
= P e ———— “iziix a1 (00000000 tr ot
: i N 140 (=0ODD0000 B 1
dnact 0 1ot
Ler (L] (DS
nis B i I
int_Level 0 ot
int_srabled () (] 11
sl 000 ot
So— o U= 146 L1
e .
addo (vord +) = 1 1ee 0x70 [N
Bytas (Unsd) .1 vhrd Ot 1t
'u = BxS0SZca0 chportl_sh_dsts ibed 2 TR
nr v Factac (ool = ;s 000 ilpr 0xp0 1o
flage 00 toon
s om0 [N
& [ 1o
T
b wal
[
-
il
sypctal
syrhags
o B LA
0
BRI R e e e _¥ciix
DABISDN cpu_CPUD (1 Mit) in start kernal st main ¢ 469
Défach wastld (1 Hit] in /home/modre/Inpecss/Inperastid,
= Targets = Programme... | ™ ArmVersatil = Stack: ArmV... | ™ Breakpoints... | ™ Local variabl.. | ™ Arguments

= Single coherent debug of cpus, peripherals, homogeneous,
heterogeneous, AMP, SMP

Page 24
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Advanced tools needed too o
MQX RTOS Scheduler Analysis I[ﬁ]ﬂ@eras

& GTKWave - C:\Users\demo\Desktop\MQX_examples\demo_k60\FreescaleKinetis60_cpu.ived
File Edit Search Time Markers View Help |
A Qe ® e kel | <2 & | From]osec To[319497100438 | &2 | Marker 500486921389 ps | Cursor 500375400 ns ‘
~ 55T Signals
0_Mone Qe —
0 Syst 0_System=z
= et BEE37__mz_idle_task =x
65540_main_task F
T BEEA1 Send E5536_BTimelliceTask =z
"""" S EEE39_ATimeS1iceTask =2
““““ G554 0_nain_task=z
Type |Signa|s | 65543 _Mutexh =z
EEE44_MutexE =1
G5545_Send =x
B5546_Senb =x
B5547_Eventd =x
65540 _EventD =x
65541 _Sender =z
B5542_Respander =z
Filter:
Append| Insert ‘ Replace | 1 | (& ] O

Scheduler analysis helps to identify RTOS task scheduling issues

Imperas tools are non-intrusive
Tools have understanding of CPUs, OSs
CPU-aware: code coverage, profiling, function tracing, fault injection, ...
OS-aware: task tracing, event tracing, scheduler analysis, ...
Pre-defined and user-defined tools use same API

Software assertions can be added to the virtual platform simulation
environment

© 2014 Imperas Software Ltd 4-Jun-14
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Altera Cyclone V SoC FPGA C

Ilnperas

ric nli]lfé lhlrlr rtc FBIPPL1§?1<19;921|1||] Ié a5 EtigUGSUUB 142 ¢ )

wnci-pll8x mbimmci: wmcl mary revll at Bx irg pio . i

ushcore: regislered nem interface driver usbhi TCP: reno r‘eg1sterec_l

usbhid: USB HID core driver UIF hash table entries: 256 (order: 0, 4036 bytes)

ALSA device list: UDP-Lite hash table entries: 286 (order: 0, 4035 bytes)
Ho soundcards found. 5 : 7

oprofile: using armfarme?-cad MET; Registered protocal family 1

TCP cubic registered BPC+ Peoistered named MTY sacket transooet module,

HET: Regizlered protocol family 17
VFP support uB.3: implementor 41 architeclurd
ric-pli#3l mboric: setting system clock to 19

Freeing init memory: 172K
input: AT Raw Set 2 kevboard as /devices/mb:H /\ I ort module,

input: InExP5/2 Generic Explorer House as /fdg » Inc,

tered pl@31 as rtch i
TR i e B ARM® 0.4 loaded (major 254)
Lered ||u mtcrfdu driver usbhid - oM CUSTOM TcMm
Cortex™-A9MPx2 == Lvem INSTRIF  p.yem €=
g a UBRT
slered . JTAG UART
B R t ] t 1 family 17
TP = P mﬁ e ;:II gl architecture 3 pgrt 3 —p 5 Nios'II D5 g——p
031 wuh ting sustem clock to 1970-D14M1 O [re— )
" rg klfl?K 1 Sde s/ mb: k
WEXPS/? [mnmﬂ:rl I;\J]orvr House as /devic |mperas SmartLoader C:*H:II;L MM MPU CE)T(';L
Thiz root FS contains most basic linux wlilities epl
and the Lyns web browser. § Debug
Kernel config is available through /proc/config. Timer0 JTAG HW 1&D TRCE
A A
Helcome to WP simulation from Imperas Reset Manager - o2 e JESE RORT
Log in as root with no password. g
Imperas login
- Timer1
Memory
L2 Cache Controller ==
- Timer2
jtag_uart
SRAM =
— Timer3 uart.s1
Timer_1ms
System
Manager
UARTO =
Ethernet
UART1 _—
DMA Flash
—

~N e Controller |
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Case Study 2: OS Porting, Bring Up

and Verification on Altera Cyclone V
SoC FPGA Im@eras

Software use cases (challenges):
Linux boot on single core ARM Cortex-A9
SMP Linux boot on dual core ARM Cortex-A9
RTOS boot on single core ARM Cortex-A9
AMP boot on dual core ARM Cortex-A9
Linux boot on single core Nios Il

SMP Linux boot on dual core ARM Cortex-A9
plus Linux boot on Nios Il

© 2014 Imperas Software Ltd 4-Jun-14



Cyclone V SoC FPGA Virtual

Platform Ilﬂ]D[p)el'aS

Top level virtual platform built using Open Virtual Platforms (OVP,
www.OVPworld.org) ICM API

ARM Cortex-A9MPx2 and Altera Nios Il processor core models from
the OVP Library

Peripheral models

Some models available in the OVP Library

Remaining models of peripheral components developed using OVP APIs
OVP APIs written for C language

Simulation engine: Imperas M*SDK

All OVP processor and peripheral models include both native OVP
and native SystemC/TLM2 interfaces, so all the following results
could have been achieved using the OSCI SystemC simulator plus
Imperas M*SDK product

Peripheral models could have been written in SystemC

M*SDK tools require OVP processor core models for ToolMorphing
capability

© 2014 Imperas Software Ltd 4-Jun-14
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la) Linux Boot on Single Core

ARM Cortex-A9 Iﬁiﬁ]@eras

Use Linux from Altera: Altera-3.4
Use default configurations
Use default device trees
Comment out a few peripherals not yet modeled

Bug found in Linux kernel preemptive scheduling

Running multiple applications under Linux part of standard Imperas bring up
testing

Linux boots and runs, but does not switch tasks properly

Not observed in previous virtual platform (different virtual platform vendor) using
much slower model of ARM Cortex-A9MPx2

Could not run multiple applications for long enough simulation to observe the
bug

Approximately 2 man weeks effort to build virtual platform able to boot Linux

Virtual platform boots Linux in under 5 sec on standard PC, Windows or
Linux

© 2014 Imperas Software Ltd 4-Jun-14



1b) OS-Aware Tools Used to Find

the Bug

Ilnperas

Use OS tracing [task, execve, schedule, context, ...] to trace at the OS level,
not instruction level

Higher level of abstraction makes debug easier: ~700,000,000 to boot Linux,
however, only ~700 tasks

OS-aware tools debug in hours, once the bug was observed
Simulation overhead due to OS-aware tools < 10%

Imperas Multiprocessor Debugger

RC (TASK> 81PA6918%23: ‘cpu_CPUBA’: free_pid called for pid=412 {’/shin/mdev’>
TRC (SCHD> B18749566: ‘cpu CPUB’: scheduler switched from process 485 ¢’ hinssh’') to 3 ('ksoftirgd-s8°>
TRC (SCHD> 81@753989: ‘cpu_CPUA’: scheduler szwitched from process 3 ('ksoftirgd-B'> to 413 ('pc85’')
TRC (TASK> 81MA8A5218: ‘cpu CPUA’: do_execve called for pid=413 {’/hin-shostname’>
TRC (EXEC>» 8188A5%218: ‘cpu CPUA’: do_execve called for pid=413 with filename=rhin-hostname with:
TRC (EXEC> 810885218: ‘cpu CPUQ’: argu vipt=0xBABdd24c “hostname"’
TRC (EXEC> 81@8A5218: ’‘cpu_ CPUA’: argu virt=AxBBBdd264 *"Imperas"’
TRC (EXEC> B188@A5%218: ’cpu CPUA’ = enup virt=Ax7e?43fe2
TRC C(EXEC)> £188A5218: ‘cpu_CPUB’: envp virt=Ax7e?43f9f
TRC (EXEC» B108@A521@: ’cpu_CPUB’: enup virt=Bx7e943fab "TERM=utiB2"
TRC (EXEC> 81@8A5218: ’‘cpu_CPUA’: enup virt=Ax7e?43fbli "PATH=rshin: usrrsshin: bhin: usr-bin"
TRC C(EXEC> £1A8A5218: ‘cpu_CPUBA’ = envp virt=Ax7e?43fd4 ""SHELL=/hin/sh"
TRC C(EXEC)> £188085218: ’cpu_CPUB’: envp virt=BxB08dd778 “'PUD=,""
TRC (TASK> 81982211 : ‘cpu CPUR’: load_elf_hinaryl’ hinshostname’? called for pid=413
TRC (TASK> 811285592: 'cpu_CPUA’: do_exit called for pid=413 ¢’ bin-shostname’}
TRC (SCHD> 811324531: ‘cpu CPUA’: scheduler switched from process 413 ¢’ hinshostname’) to 485 (' /hinssh’>
TRC (TASK> 811326827: ‘cpu_CPUR’': free_pid called for pid=413 <’ binshostname’>
TRC (TASK» 811341466: ’cpu_CPUB’: do_exit called for pid=485 (' bin sh’>
TRC <SCHD> 8113888592: 'cpu _CPUA’: scheduler switched from process 485 ¢’hinssh’) to 3 ' ksoftirgd/B’>
TRC (SCHD> 8113927638: ‘cpu CPUB’: scheduler switched from process 3 ('ksoftivgdsB°> to 1 ¢’ init’d>
TRC (TASK) 8114A3745: ’'cpu_CPUB’: free_pid called for pid=4B5 ('’ binssh’)>
TRC ¢(SCHD> 811411242: ‘cpu CPUA’: scheduler switched from process 1 <'~/init’> to 3 (‘ksoftivgd-/B’'>
TRC C(SCHD> 811413283: ‘cpu CPUA': scheduler switched from process 3 ('ksoftivgdsB°> to 414 (' init’)
TRC (TASK> B11451482: ‘cpu CPUB’': do_execve called for pid=414 (’ - shin-getty’>
TRC (EXEC> 811451482: ‘cpu_CPUR’: do_execve called for pid=414 with filename=rzhin/getty with:
TRC (EXEC> 811451482: ’cpu CPUA’: argu virt=Ax7e8fdbZ24 “/shin/getty"
TRC (EXEC)> $11451482: ‘cpu_CPUB’: argy virt=Ax7e8fdb3B "-L"
TRC (EREC» 811451482: ’cpu_CPUB’: argy virt=Bx7e8fdb33 "38400"
TRC (EREC) $11451482: ’cpu_CPUB’: argy virt=0x7e8fdb3? "ttySHA"
TRC <(EREC> £11451482: ’cpu_CPUB’: envpl]l = virt=AxAAAddBAE <not in TLB>
TRC (TASK> 811469113: ‘cpu CPUA’: load elf hinary(’ - shin-sgetty’) called for pid=414
TRC (SCHD> B81148A188: ‘cpu CPUA’: scheduler switched f process 414 ¢’ rsshinsgetty’> to 3 (Cksoftivgd-@*>
TRC ¢(SCHD> 811482266:= ‘cpu_CPUA’: scheduler switched process 3 {'ksoftirgd/B">» to 1 (' /init’d
TRC (SCHD> 811485%826: ‘cpu CPUA’: scheduler switched process 1 C'/init’> to 414 (' sshinsgetty’>
TRC C(SCHD> 8120801979: ‘cpu CPUB": scheduler switched process 414 ¢’ sshinsgetty’> to 3 ('ksoftirgd-8°>
TRC (SCHD> 8128A6285: ‘cpu_CPURA’: scheduler switched process 3 (’'ksoftirgd/B'> to B (’'swapper’)
TRC (SCHD> 8248A1%68: ’cpu_CPUBA’: scheduler switched process B ('swapper’> to 1 {'/init’>

BEE
B
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2) SMP Linux Boot on Dual Core

ARM Cortex-A9 |m@el'as

Use Linux from Altera: Altera-3.6
Use default configurations

Use default device trees
Comment out a few peripherals not yet modeled

No problems in SMP Linux bring up on virtual platform
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3a) Micrium pCOS-Il Boot on

Single Core ARM Cortex-A9 Iﬁiﬁ]@eras

Use Altera yCOS-ll release

Bugs found and fixed in GIC register accesses using OS-
aware tools

Access ICDICER 1 to 8 when only 0 to 7 exist

Access ICDIPTR 08 to 63 when only 00 to 55 exist

Typically < 1 week effort to add support for new RTOS

RTOS OS-aware tools include event scheduler viewing as
waveform
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3b) OS Porting and Bring Up I[ﬁ]ﬂ@eras

Non-intrusive (no modification of Supported OS include Linux,
OS source) trace of FreeRTOS, Nucleus, uC/OS
process creation < 1 week to support new RTOS

context switch
process deletion

Captures communications between
processes

View in waveform viewer
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4a) AMP boot on Dual Core ARM

Cortex-A9 Iﬁiﬁ]@eras

Linux booting on first core, uyC/OS-Il on second core
Bug found in Linux accesses of GIC registers

Virtual platform debug took 2 days versus 2 weeks on
hardware platform (5x improvement)

Also need to ensure that different operating systems do
not access forbidden memory segments
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4b) Custom Memory Access
Monitor Accelerates AMP

Platform Debug |mperas

Memory access monitor is just C code, less than 350 lines, loaded into simulation environment
When simulation is run, monitor produces warning if memory access rules are violated

//
// Define watch areas for memory and peripherals defined in the platform
//
memWatchT amcWatch[] = {
// name watchLow watchHigh allowedCPUs

{ "Linux memory", 0, OX2FFFfFffT, LINUX_CPU }.

{ "uCOS memory", 0x30000000, OX31FFFfFfF, ucosiit_CrPU 3},

{ "gmac0", OxFf700000, OxFF700FfF, LINUX_CPU 3},

{ "emacO_dma'", Oxff701000, OxXFF701ffF, LINUX_CPU 3},

{ "gmac1l", 0xf£702000, OxFF702FFF, LINUX_CPU 3},

{ "emacl dma", Oxff703000, OxFF703ffF, LINUX_CPU 3},

{ "uart0", Oxf¥c02000, OxFfcO2ffF, LINUX_CPU 3},

{ "uartl"”, Oxf¥c03000, OxFfcO3ffF, ucosii_CrPU 3},

{ "CLKMGR", 0xffd04000, OxFFdOATFT, LINUX_CPU 3},

{ "RSTMGR", Oxffd05000, OxFFAOSTFT, LINUX_CPU 3},

{ "SYSMGR', Ox¥¥d08000, OxFfdO8TfF, LINUX_CPU 3},

{ "GIC", Oxfffec000, OxfffedffF, LINUX_CPU 3},

{ "L2", OxfFffef000, OxfffefffF, LINUX_CPU 3},

{ 0 } /* Marks end of list */
}:

v

Warning (AMPCHK_MWYV) cpu_CPUO: AMP write access violation in uart1 area. PA: 0xffc03008 VA: Oxffc03008
Warning (AMPCHK_MWYV) cpu_CPUO: AMP write access violation in uart1 area. PA: 0xffc0300c VA: 0xffc0300c
Warning (AMPCHK_MWYV) cpu_CPUO: AMP write access violation in uart1 area. PA: 0xffc03010 VA: 0xffc03010
Warning (AMPCHK_MRV) cpu_CPU1: AMP read access violation in Linux memory area. PA: 0x00000020 VA: 0x00000020
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5) Linux on Single Core Altera

Nios Il I[ﬁ]ﬂ@eras

Altera Cyclone Ill 3¢c120
Linux booting on Nios Il processor core model
No issues with Linux boot

TCP: reno registered

UDP hash table entries: 256 (order: O, 4095 bytes)

UDP-Lite hash table entries: 256 (order: ©, 4096 bytes)

MET: Registered protocol family 1

RPC: Regiztered named UNIX socket transport module,

RPC: Registered udp transport module, I

RPC: Registered tcp transport module,

RPC: Regiztered top MFSwd.1 backchannel transport module, Tem CUSTOM oM

iFF=2: wersion 2,2, (NAND) B 2001-2006 Red Hat, Inc, = LMEM RETT: [ D-MEM = /\

mzgmni has been set to 238 -

Block layer SCSI gemeric (bsg) driver wersion 0,4 loaded {major 254) Nios'II

io zcheduler noop registered o I —

io zcheduler deadline registered

io scheduler cfq registered (default) CINI:‘I‘EL MMU  MPU CEI)'F;L

ttyALD at MMIO 0x8004c80 (irg = 100 i=s a Altera UART

ttyld at WHIO 0x8004d50 (irq = 1) is a Altera JTAG UART Debug

loop: module loaded e JTAG | HW (1&D (TRGE

mousedew: PS/2 mouse device common for all mice DEECG) Eess NRCEY HEoR)

TCP: cubic regiztered

MET: Registered protocol family 17 ]

turn off boot console earlyd Timer_1ms

Welcome to Mioz II Memory |l |

nios? loging [ y Ethernet

MAC
jtag_uart .
Jlag_ sysid
uar.tls1 § ........... l.:"l.éns'H .......... ‘;
i Controller
Keyboard \/
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6) Heterogeneous AMP Platform |

ﬁl\:gesr?l ((Zﬁlicrzlllcj))?)e V Cortex A9AMPx2 (SMP Linux) and Imperas

ric-plB3l mb:ric: ric core: registered plB3l as ricd

wnci-pll8x mbimmci: wwcB: PL18L manf &1 revl ot 0x10005000 irq £1,42 (pic) . i

ushcore: regislered nen interface driver usbhid TCP: reno r‘eg1sterec_l

usbhid: USB HID core driver UIF hash table entries: 256 (order: 0, 4036 bytes)

ALSA device list: UDP-Lite hash table emtries: 256 (order: 0, 4095 bytes)
Ho soundcards found. 5 : 7

aprofile: using arm/armv?-cad NET: Registered protocol family 1

TCP cubic registered PPCt Peaistered named INTY socket transooet module,

HET: Regizlered protocol family 17
VFP support ol wplementor 41 architeclurd
ric-pl#3l mb:r etting system clock to 19
Freeing init memory: 172K

input: AT Raw Set 2 keyboard as fdevices/mb:H /\ ort module.
input: InExP5/2 Generic Explorer House as /fdg /\ I » Ing,
tc-plB31 mbirt t g tered pl@31 as rtch i
Rn i D e i mch LA mant 41" reud ¢ eioon ARM® Outloadhd (naor:2od)
u\ljlturll_ ”Elt;gx?[lil_rul “ti' u tcrfdu driver usbhid - oM CUSTOM TcMm
il ;il;lzlpulcrﬁ I r | Cortex™-A9MPx2 — INSTR IF D-WEM =
?Ei—erF:m ;:|::u(|; dl?:-l!flrlv.r cad - ?TgEREHRT
* cubic re .
MET: R t t 1 family 17
VFP Hu:;::;:tp:lﬂ r‘”?nmgnm\t’:: gl architecture 3 pgrt 3 ) $ Nios'TI > D5 gem—)
setting system clock to 1970-01881 @ [re— ]
Fre ory: 172K X
inpul 2 keyboard as fdevices/mb:kmi ol INT EXP
input; Ik XPS/7 Generic Explorer House as /devic : |mperas SmartLoader GNTRL MM MPU GNTRL
Thiz root FS contains most basic linux wlilities epl
and the Lynx web browser. § Debug
Kernel config is available through /proc/config. ] Timer0 JTAG HW 1&D TRCE
" . @==PDEEUG BP TRCE PORT =P
elcome to WP simulation from Imperas Reset Manager -
Log in as root with no password. 9
Imperas login
e Timer1
Memory
L2 Cache Controller ==
= Timer2
jtag_uart
SRAM =
— Timer3 uart.s1
Timer_1ms
System
Manager F S CILTTTCIIRIO PRI
UARTO — :  Ethernet
MAC
Ethernet
UART1 = sysid
DMA ] Flash
[r—

~N 7 _Controller |

© 2014 Imperas Software Ltd 4-Jun-14




Summary Im@éras

Heterogeneous platforms require not only new
programming tools but also new debug and analysis tools

Hardware-based software testing has limitations in
controllability and observability

Instruction accurate software simulation — virtual
platforms — has the required controllability and
observability

Use of virtual platform based tools can provide both
higher quality and reduced schedules for heterogeneous
systems

Results were shown for heterogeneous ARM-ARM on
Freescale Vybrid and Kinetis, and for ARM-Nios || AMP
system on Altera Cyclone V SoC FPGA
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