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Software Quallty IS DireCtly MULTICORE DESIGN SIMPLIFIED

Proportional to Test Speed I[ﬁ]ﬂ[@eras

Intuitively obvious (so my presentation is done!)
How to achieve more speed?

How to find more bugs?

How to know that quality has improved?

Greater Quality

More Bugs Found

More Tests Run

Faster Tests
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Cadence-Imperas Integration -

M MULTICORE DESIGN SIMPLIFIED

Supports Simulation, Debug and
Software Development & Test Tools Imperas

« CPU and OS awareness

» Tracing, profiling, coverage, memory analysis, ... i[ﬁmperaS‘

Over 25 different tools
> User extendable

A
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MPLIFIE

Agenda |[ﬁ]ﬂ[@eras

Simulation speed
Simulation based tools for finding bugs
Quality metrics

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

Summary
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MPLIFIE

Agenda |[ﬁ]ﬂ[@eras

Simulation speed
Start with a faster simulation engine
Use the multiple cores available in the host PC

Simulation based tools for finding bugs
Quality metrics

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

Summary
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Latest Many-Core Platforms S
MULTICORE DESIGN SIMPLIFIED

Require Scalable Simulation |[ﬁmperas

Server SoC software test
suites can consist of 10s or
100s of tests, each
executing 10s or 100s of
billions of instructions

Currently: Single threaded
Integrated Communications 1/O SlmUIatlon does not Scale
Integrated NICs + 10/40/100G . .

with multicore platforms

Simulation market leader’s
solution would take 1 week

Dheystora Wary Core Banchmark to simulate that test suite
T Challenges: Get needed
g simulation speed and fix
e platform simulation scaling
umioer or Lores problem
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1) Start with a Faster Simulation

Engine

Imperas

| Altera Nios |I ARM32 Imagination MIPS32
Benchmark| Simulated | Run Simulated Simulated Run Simulated Simulated Run Simulated
Instructions | time MIPS Instructions time MIPS Instructions time MIPS
oEled 3075 857 171 | 2.52s 1225 6,105,766,856 | 4.79s 1277 9,814,621,392 | 5.31s 1852
D i3 1.810,082,387 | 1.18s 1547 2,250,079,359 | 2.32s 074 1,795,088,667 | 1.27s 1414
W18 5.850,867,389 | 3.28s 1789 1,185.959,501 | 1.04s 1140 1890420892 | 0.93s 2033
DE NPl 27 000,013,458 3.11s 7097 22.400,008,766 | 4.67s 4807 22.800,009.853 4s 5714
Xilinx MicroBlaze ARM AArch64 Imagination MIP364
Benchmark|] Simulated Run Simulated Simulated Run Simulated Simulated Run Simulated
Instructions | time MIPS Instructions time MIPS Instructions time MIPS
D 6,386,275,159 | 3.77s 1699 594 945 589 1.01s 504* 1,558,856.686 | 0.83s 1901
D WGy 3770115740 | 2.61s 1450 3.030.061.475 | 2.79s 1086 1,590,094, 345 | 1.23s 1293
WY 27 108,532 655| 13.235 2054 488,724 620 0.64s 750* 2.133,926.552 | 0.99s 2156
WCELRELLPR 22 000,023,433| 5.76s 3826 11,200,003,894 | 3.73s 3011 17.100,018,075 | 4.23s 4052
PowerPC Renesas v850 Synopsys ARC
Benchmark|] Simulated Run Simulated Simulated Run Simulated Simulated Run Simulated
Instructions | time MIPS Instructions time MIPS Instructions time MIPS
pa 3,163.966,113 | 2.955 1076 4,991,344 159 | 4.76s 1051 4,184,162 664 | 3.67s 1143
D W=y 2 205 068.239 | 1.75s 1260 6.410.133.101 | 4.01s 1603 3.155.082.476 | 2.75s 1148
W8 6,424 865,755 | 3.97s 1622 10,296,940,691 | 7.41s 1393 7.883.567.047 | 44s 1796
WCEUREELPR 22 400,002 937 565 4007 22,400,007 569 | 3.53s 6364 22.000,002.100 [ 4.05s 5446

Imperas Simulator Benchmarks

© 2014 Imperas Software Ltd
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Imperas: Fastest Virtual
MULTICORE DESIGN SIMPLIFIED

Platform Solution Available |[ﬁ_'m['r@eras

Just In Time (JIT) Code
Morphmg Slmulator

Imperas Speedup Over Next Fastest Commercial Solution, Conventional Simulation

10 1

5nﬁ“ﬁ“ﬂﬂﬂﬂ «
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Virtual platform with ARM Cortex-A9, single thread simulation
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ORE DESIGN SIMPLIFIED

2) Use the Multiple Cores MULTIC
Available in the Host Machine ihnoeras

Simulation

i R — Multiple cores for parallel

_ @iiz simulation should result in
. erformance gains

Previous attempts at

£

L
Local Menfory

----------------------------------------------------------------------- ' ssnsnsnsnnnannnannnBuannnnnnnnnns

s using multiple cores have
{ 3 ) been unsuccessful due to
. L]
g -------------------------------------- ;lllll;l.* ------------------------------------------- é hlgh Overhead from
N synchronization of
L #< l >§ multiple simulation
: L3 :
P —cPUA4 threads
& L 3
: rersernannanans ‘ﬁ.

o
v

Host Processors
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QuantumLeap: 15x Faster Than

MULTICORE DESIGN SIMPLIFIED

Next Fastest Solution |[ﬁ_ﬁ]E@eras

Speed difference (X)

Imperas QuantumLeap speed improvement (quad core) over next best commercial solution (single core)
43.07  43.07
40.49

15x faster avg. 33.01
on quad host 28.74

Average

15x

pN 2 @ N N\
(‘b‘\ Q‘bco \c;‘O(\ (\}_\ c\}_\
¢ @ Q'b be
& « N
Platform Containing Four ARM Cortex-A9 UP

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 16K MIPS

Accelerates execution 2-3x over current simulation performance (already 6x

faster), 15x over nearest alternative solution
© 2014 Imperas Software Ltd CDNLive 11-Mar-14



MULTICORE DESIGN SIMPLIFIED

SMP Acceleration Results Inperas

Simulated Applications Running Under Simulated Linux

350 QuantumLeap Speedup, ARM Cortex-A9MPx4 Benchmarks
AU 313

3.00 1 2 56
250 1

1.96 212
200 1

1.50

1.50 1
1.00 1
0.50 1

Speedup

4y linpack dx mixiura 4x peakspeed 4x dhrystone dx fibonacci

All benchmarks run on ARM Cortex-A9MPx4 models

QuantumLeap speeds up Imperas SMP models by
2.25x on average for quad core SMP and host

Works for Imperas OVP Fast Processor Models of SMP
cores even when used in a SystemC platform

© 2014 Imperas Software Ltd CDNLive 11-Mar-14



MPLIFIED

Agenda |[ﬁ]ﬂ[@eras

Simulation speed

Simulation based tools for finding bugs

Quality metrics

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

Summary
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Typical SOftwa re S i m u Iator MULTICORE DESIGN SIMPLIFIED

Execution Ihnperas
JIT Sim -

Application instruction to Engine
binary be executed

Imperas technical conclusion at founding: typical software simulation flow is not
adequate for software development, debug and test

How to get full observability, controllability — the promise of simulation — from virtual
platforms?

Need minimal overhead to maximize performance

Need to maintain order of instruction execution

Cannot introduce new “bugs” through the act of observation

How to get near real time simulation performance?

Solution: innovation in both simulator engine and processor model

© 2014 Imperas Software Ltd CDNLive 11-Mar-14



Imperas Unique Model and

—'—-.*

Simulation Technology ||]Tﬁ][@eras

______________ Wi )
Application | | instruction to

binary Fast Processor be executed results
------------ Model ToolMorphing|[¥| +

' + JIT Sim ana_IyS|s

SlipStreamer Engine file
Binary Interception HH tool code
Library

Architect the simulation environment, from the beginning, for performance
and tools; software tools should not be an afterthought

OVP Fast Processor Models contain special information for tools

SlipStreamer libraries for tools
Non-intrusive: no modification of source code
Executes as native host code for minimal overhead

ToolMorphing engine tightly integrates models and tools

© 2014 Imperas Software Ltd CDNLive 11-Mar-14



TOOI Morph i ng TeCh nOIogy MULTICORE DESIGN SIMPLIFIED
Enables Tool Definition Innperas

VAP Tool (from Imperas) or User-Defined Tool:
Definition of the tool, written in C, included in simulation environment

ToolMorphing
Simulation Infrastructure

Tool Helper:
API enabling definition of software analysis tools

CPU and OS Helpers:
CPU and OS specific information

OVP Processor Model:
CPU functionality, predefined views, events, actions

instrumentation

L]
Ty
L]
...
....
L]
.....
....
.....
.....
L]
.....
L]
L]
"
L]
....
ta

Tool Helper

CPU, OS Helpers
OVP CPU Model

Application Software
& Operating System

binaries

Virtual Platform
© 2014 Imperas Software Ltd CDNLive 11-Mar-14



Verification, Analysis & Profiling

(VAP) Tool Suite for HDS Im[@eras

Development

Bare Metal Apps & Middleware
Platform (e.g. Drivers)

Processor
Trace coprocessor registers Multi Processor Debug Bus connectivity view Break on line
Trace TLB trace exceptions Address space introspection | Peripheral register view Break on function call
Trace modes Virtual2physical mapping Peripheral src debugger Elf introspection
Trace service calls Print CP registers Processor freeze control | Unlimited HW breakpoints
Trace hypervisor calls TLB dump Trace peripheral access Memory region watchpoints
Trace secure monitor calls  Break on exception Memory coverage Trace source line
Trace MT/MP extensions Break on mode Shared memory checks Trace context
Trace system calls Break on register change Trace functions
Trace timer Break on instruction Line Coverage
Trace cache instructions Instruction coverage Function profiling
Trace SIMD extensions Instruction profiling Heap checks
Trace instruction Instruction fault Injection Stack checks
Trace register change Cache analysis Malloc checks
Semaphore checks
Simulator Break on messages TCL callbacks Full GDB command set J
Drivers Multiprocessor, multicore, multithread,
Firmware multi-everything
Assembly libraries Non-intrusive
OS porting and bring up Low overhead
Hypervisors User extendable

© 2014 Imperas Software Ltd CDNLive 11-Mar-14



MPLIFIED

Agenda |[ﬁ]ﬂ[@eras

Simulation speed
Simulation based tools for finding bugs

Quality metrics

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

Summary
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Code Coverage

Non-intrusive statement and branch coverage

analysis using intercepts

Full multiprocessor, multicore, and peripheral

code coverage

Bl

§ LOCAL BUS )

v v

Runtime

analysis

Memory
(RAM)

9 LCoV - Imperas Test Coverage Results - mpeg2decode/src - Mozilla Firefox
Fle Edt View History Bookmarks Took Help

@ - -@ (G [T flefiC:/msys/1.0 ¢ html [~[ ] [[G]-] screen grab snap

# Getting Started [G] Sky News: UK News, W... 1 Latest Headines [ | Roundup [G] Ttest Browser Interface [ | coverage [ | TWiki ¥ eBay [ | WeeklyReport

Imperas - code coverage report

Current view: directory - mpeg2decodelsrc
Test: Imperas Test Coverage Results
Date: 2008-05-22

Code covered: 45.1%

Instrumented lines: 2170
Executed lines: 978

| Filename | Coverage ( show details )

gecbits.c 85.7% 54763 lines
getblk.c — 402% 99246 lines
gechar.c C C— 338% 98290 lines
_—— 59.1% 208 /352 lines
_— 545% 109 /200 fines
e 100.0 % 77/ 77 lines
——
| A—— 42.6 % 23/ 54 lines.
53.7% 131 /244 lines
| — 64.6 % 84 /130 lines
[E—
—— 17.5% 36 /206 lines
——— I
) 80.8% 59/ 73 lines

by: LTP GCOV extension version 1.4

MULTICORE DESIGN SIMPLIFIED

Standard .Icov file format

© 2014 Imperas Software Ltd

TN:cpuA.lcov
SP:cpuA

DA:44,3
DA:45,3
DA:46,3
DA:47,3
DA:58,3
DA:59,3
DA:60,3
DA:63,1151
DA:66,1151
DA:67,1151

%) LCOV - Imperas Test Coverage Results - mpeg2decode/src/getbits.c - Mozilla Firefox

Fle Edit Vew Hstory Bookmarks Took Help

&
€« »-€
# Getting Started [G] Sky News: UK News, W... B3 Latest Headines [ Roundup [G Ttest Browser Interface || coverage | TWiki %" eBay [| WeeklyReport
50 T /% only the verifier uses this parcicular bit Counter W
51 : + Bitent keeps track of the current parser position with respect -
: to the video elementary stream being decoded, regardless
of whether or not it is wrapped wWithin a systems layer stream

2} (G flessiCiimsys/1 X g

htn |~ | [[Gl-] screen grab snap

& R-

E
55 :  1d->Bitent = 0;
56 : endif

52 e
59 E
& i

1a->8£r = 0;
Flush Buffer(0); /* fills valid data into bfr */

& : void Fill Buffer()
& FECE]
6 :  inc Buffer Level;

& 1185 :
& 1185 :

Buffer Level = read(ld->Infile,1d->Rdbfr,2048);
1d->Rdper = 1d->Rdbfr;

& 1185 :
70 1152 ¢

if (System Stream Flag)
1d->Rdmax -= 2048;

73 : /% end of the bitstream file ¥/
72 1153 :  if (Buffer Level < 2048)

76 : /* just to be safe x/
50 : /* pad until the next to the next 32-bit word boundary */

e : /* pad the buffer with sequence end codes */

Done

SF:/home/graham/mpeg2decode/src/getbits.c

CDNLive 11-Mar-14



MPLIFIED

Agenda |[ﬁ]ﬂ[@eras

Simulation speed
Simulation based tools for finding bugs
Quality metrics

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

Summary
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OS Porting, Bring Up and

Verification on Altera Cyclone V
SoC FPGA Im[@eras

Altera Cyclone V SoC FPGA

PN

Linux boot on single core ARM Cortex-A9 ARM® | |

Cortex™-A9MPx2

Imperas SmartLoader

SMP Linux boot on dual core ARM Cortex-A9 T Timero

Reset Controller

= Timer1

L2 Cache Controller :
RTOS boot on single core ARM Cortex-A9 — —{ Timer2 |
= Timer3
System
AMP boot on dual core ARM Cortex-A9 [uarro | Manager
_ Ethernet
DMA

© 2014 Imperas Software Ltd CDNLive 11-Mar-14



Cyclone V SoC FPGA Virtual MULTICORE DESIGN SIMPLIFIEC
Platform I[ﬁ]ﬂ[@eras

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 CDNLive 11-Mar-14



1a) Linux Boot on Single Core i

ARM Cortex-A9 mm[p)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 CDNLive 11-Mar-14



1b) OS-Aware Tools Used to Find
the Bug

Use OS tracing [task, execve, schedule, context,

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

Imperas

.] to trace at the OS level,

CTRASK>
CSCHD>
CSCHDD>
CTRASKD>
CEXEC>
CEXECY
CEXECY>
CEXEC>
CEXECY>
CEXECY
CEXECY
CEXECY>
CEXECY>
CTASKD>
CTRASKD>
CSCHD>
CTASK>
CTASKD>
CSCHD>
CSCHDY
CTRASKY
CSCHDD>
CSCHD>
CTASK>
CEXECY>
CEXECY>
CEXECY>
CEXECY
CEXECY>
CEXECY>
CTRASK>
CSCHDY>
CSCHDD>
CSCHD>
CSCHD>
CSCHDD>
CSCHDD>

819691893 :
818749566 :
818753989:
818885210:
818885210:
8198085210:
818885210:
819885210:
81988521A:
810885210:
818885210:
819885210:
81988521A:
818822171 :
81128559%92:
811324531:
811326827:
811341466 :
8113888592 :
811397630:
811483745 :
811411242:
811413283:
811451482:
811451482:
811451482:
811451482:
811451482:
811451482:
811451482:
811469113:
811480188:
811482266
811485826:
8126819279 :
812006285 :
824081760:

' cpu_CPUA’
‘cpu_GCPUA’
' cpu_CFPUA*
‘cpu_CPUBA*
' cpu_CPUA’
‘cpu_CPUB’
' cpu_CFPUA*
*cpu_CPUA*
‘cpu_CPUA’
‘cpu_CPUB’
' cpu_CPUA*
*cpu_CPUA’
‘cpu_CPUA’
*cpu_CPUA*
‘cpu_CPUA*
*cpu_CPUA’
‘cpu_CPUB’
*cpu_CPUA’
' cpu_CPUA*
*cpu_GCPUA’
‘cpu_CPUB’
*cpu_CPUBA*
' cpu_CPUA’
‘cpu_GCPUA’
' cpu_CFPUA*
‘cpu_CPUBA*
' cpu_CPUA’
‘cpu_CPUB’
' cpu_CFPUA*
*cpu_CPUA*
‘cpu_CPUA’
‘cpu_CPUB’
' cpu_CPUA*
*cpu_CPUA’
‘cpu_CPUA’
*cpu_CPUA’
' cpu_CFPUA*

free_pid called for pid=412 {’/shin/mdeuv’?)
scheduler switched from process 485 ¢°shinssh’> to 3 ' ksoftirgd-s@’'>
scheduler switched from process 3 (‘ksoftivgdsB'> to 413 (’'pcS’D
do_execve called for pid=413 <’ hin-shostname’ »
do_execve called for pid=413 with filename=/hin-/hostname with:

argyv virt=0x@8d0ddZ24c "hostname''

argu virt=AxABAdd264 "Imperas"

enup virt=Ax?e?43fe2 "USER=root"

envp virt=Ax7e?43f2f "HOME=-"

envp virt=Bx7e?43fat "TERM=vt162"

envp virt=Ax7e?43fbl "PATH=rshin: usrrshin: hin: uspr- hin"

enup virt=Ax7e?43fd4 "SHELL=shin-sh"

nvp virt=Ax@808d4d7?78 'PUD=-"

load elf_h1nary( shinshostname’ > called for pid=413
do_exit called for pid=413 <’ bin-shostname’ >
scheduler switched from process 413 ¢’ /hinchostname’? to 485 ¢’ /hinssh’>
free pid called for pid=413 (' bin-hostname’>
do_exit called for pid=485 (’hinssh’>
scheduler switched from process 485 <’ hin-sh’) to 3 ('ksoftirgd-/@’>
scheduler switched from process 3 ('ksoftirgdsB'> to 1 < /init’)
free pid called for pid=485% <’ ~hin-ssh’>
scheduler switched from process 1 {’'Ainit’) to 3 ('ksoftivrgd-@’>
scheduler switched from process 3 {('ksoftirgd-/B'> to 414 {’init’)
do_execve called for pid=414 (’/shinsgetty’>
do_execve called for pid=414 with filename=rshin-sgetty with:

argu virt=Hx7el8fdhi4 "/sh1n/getty"

argv virt=ABx7e8fdbh3Bd "-L"

argy virt=8x7ed8fdb33 38488

argu virt=Ax7e8fdh3? "ttyS@"

enupl]l = virt=AxABAddBAA8 <not in TLB>
load_elf hinary(’/shin/getty’> called for pid=414
scheduler switched f process 414 ' sshinsgetty’> to 3 'ksoftirgd-@'>
scheduler switched process 3 {‘ksoftirgd-B’'> to 1 ' rdinit’d
scheduler switched process 1 ' /Zinit’> to 414 (' ~/shin/getty’)
scheduler switched process 414 (' /shinsgetty’» to 3 ' ksoftivgd-s@°>
scheduler suwitched process 3 (C'keoftivgdsB’) to B (' swvapper’’
scheduler switched process B (‘swapper’) to 1 ' init’d

=]

© 2014 Imperas Software Ltd
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2) SMP Linux Boot on Dual Core MULTICORE DESIGN SIMPLIFIED

ARM Cortex-A9 mperas

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

© 2014 Imperas Software Ltd CDNLive 11-Mar-14



3a) Micrium pCOS-ll Boot on MPLIFIE
Single Core ARM Cortex-A9 I[ﬁ]ﬂ[@el"as

Use Altera yCOS-Il release

Bugs found and fixed in GIC register accesses using OS-

aware tools
Access ICDICER1 to 8 when only 0 to 7 exist
Access ICDIPTRO08 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

© 2014 Imperas Software Ltd CDNLive 11-Mar-14



3b) OS Porting and Bring Up |[ﬁ]ﬂ[i@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

View in waveform viewer

p ro Cesses © GTKWave - LinuxKernel.vcd
v Ol | © @& S k= ef] | <3 & | From[25883744 ns  To: 20971773150 1 | &8 | Marker: — | Cursor: 270 ms |
<~ ssT Signals Waves
Tim 2
“ma
S
ma
Sma
A oa
N oma
Signals ﬂ
; ' S
: - ps_953
re_748
e swapon, 1670
= || swapom 1736
o SR N || 0000 cuapper cio
syserl _1ves
. o2
< ﬂ od_2
iz
Filter
Append | incert | mepiace | I S
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4a) AMP boot on Dual Core ARM v VIPLIFIE
Cortex-A9 I[ﬁ]ﬂ[@eras

Linux booting on first core, uC/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
Bugs found using custom memory access monitor

© 2014 Imperas Software Ltd CDNLive 11-Mar-14



4b) Custom Memory Access
MonitOr Accelerates AMP MULTICORE DESIGN SIMPLIFIED

Platform Debug “ﬁm@eras

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, Ox2fffffff, LINUX CPU },

{ "uCOS memory", 0x30000000, Ox31ffffff, UCOSII CPU 1},

{ "gmacQ", 0x££700000, O0xff700£fff, LINUX CPU 1},

{ "emacO_dma", 0xf£701000, Oxff701fff, LINUX CPU b,

{ "gmacl", 0x££702000, OxffT02fFf, LINUX CPU 1},

{ "emacl dma", 0x££703000, O0xff703fff, LINUX CPU 1},

{ "uwarto", 0xf£fc02000, OxffcO2fff, LINUX CPU Y,

{ "uartl", 0x££c03000, O0xffcO3f£ff, UCOSII_CPU 1},

{ "CLKMGR", 0xf£d04000, OxffdO4fff, LINUX CPU },

{ "RSTMGR", 0xf£fd05000), OxffdOSfff, LINUX CPU },

{ "SYSMGR", 0xf£d08000, 0xffdO8Eff, LINUX CPU  },

{ "cIC", 0xfffec000, Oxfffedfff, LINUX CPU 1},

{ "L2", 0xfffef000, Oxfffeffff, LINUX CPU  },

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

v

Warning (AMPCHK_MWYV) cpu_CPUO: AMP write access violation in uart1 area. PA: 0xffc03008 VA: 0xffc03008
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: Oxffc03010
Warning (AMPCHK_MRV) cpu_CPU1: AMP read access violation in Linux memory area. PA: 0x00000020 VA: 0x00000020

© 2014 Imperas Software Ltd CDNLive 11-Mar-14



MPLIFIE

Summary ||]Tﬁ][@eras

More processor cores, more complex systems = more
tests are needed

Simulation speed is critical for running more tests

Also need tools and metrics, architected into the
simulation environment from the start

Results were shown for SMP and AMP systems on Altera
Cyclone V SoC FPGA

Software quality is proportional to simulation speed!
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