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Prerequisites

e Beginners course: first semester of first year

e A basic knowledge of common mathematical
methods

e No programming knowledge is required

DESIRE C for ES
14/10/2015

B Tempus
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Objectives

e [ntroduce basic programming principles:

o division of a problem into smaller sub problems
.
iy B ,iif Y

6 DESIRE C for ES
14/10/2015
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Objectives

e [ntroduce basic programming principles:

0 convert (sub) problems into algorithms before

coding =)

Y

Action 1

ﬁ
flowcharts

Action 3

Think bfore coding ( o )

DESIRE C for ES
14/10/2015
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Objectives

e Understand and use C syntax:

0 Predict the outcome of programs written in C
syntax

0 Create a well structured program in C code
containing functions

0 Choice of appropriate datatypes
0 Use file handling in C
o Perform bit operations

3 DESIRE C for ES
14/10/2015
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Why C?

e Cis a flexible and well-structured language
e designed to:

0 provide low-level access to memory

0 provide language constructs that map efficiently
to machine instruction

e available on a very wide range of platforms,
from embedded microcontrollers to
supercomputers.

DESIRE C for ES
14/10/2015
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Course material

o Textbook: C for Embedded Systems

o0 For each chapter/subject:

—_—

— Objectives

— Theoretical explanation
— lectures

— Code examples

— Pitfalls, do’s and don’ts

— Exercises

e

practicum /
individual work

e Visual Studio Express 2013 for Desktop

DESIRE E
10 SIR C for ES
14/10/2015

B Tempus
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Content

e Basic description of programming languages

\4

e Dynamic data structures like lists

11 DESIRE C for ES
14/10/2015

B Tempus
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Content

1. Programming languages

2. Program design

3. Programming in C: an introduction
4. Basic concepts of C programming
5. Controlling the program flow

6. Functions

/. Arrays

8. Strings

9. Multidimensional arrays

10. Sorting and searching arrays

DESIRE C for ES
14/10/2015
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Content

11. Pointers

12. Comma operator, const, typedef, enumerations and bit
operations

13. The C preprocessor

14. File handling in C

15. Structures

16. Command line arguments
17. Dynamic memory allocation
18. Dynamic data structures

DESIRE C for ES
14/10/2015

13
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Hello world

e Create a new visual studio project
e Write C code

e Compile the code

e Run the executable

e Verify the output

DESIRE C for ES
14/10/2015

JYesIRE
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Create new project

Microsoft Visua jo Express 2013 for Windows Desktop ¥2 [ | QuickLaunch (Ctrl+Q) P = B X
m EDIT VIEW DEB TEAM  TOOLS TEST WINDOW  HELP Sofie Beerens ~

i Nevgroject... Ctrl+Shift+N
Tz New Team Project. .
~ Solution Explorer
‘0 NewTie.. Ctrl+N
3 Open Project... Ctrl+Shift+0
2 OpenfFile.. Ctrl+0

Open from Source Control
t%  Connectto Team Project...

Close

Close Solution

Save Selected Items Ctrl+S

Save Selected Items As...
¥ save Al Ctrl+Shift+S

Export Template...

Source Control > '

Page Setup...

Print... Ctrl+P

Account Settings...

Recent Files »

Recent Projects and Solutions »
B Bt Alt+F4

EITOr LISt ejeisliig
Ready

DESIRE C for ES
14/10/2015




Project Window

DesIRE

New

MNew Project | 7 o
P Recent it = Search Installed Ternplates (Ctrl+E) P~
4 Installed Tvoe: Vieus! C

Win32 Console Application Visual C++ ype: Visual L++
4 Templates A project for creating a Win32 console
Visual C++ application

I Visual Basic

4 Visual C++
CLR
General

Python

Visual Studie Selutions

Samples

b Online

ey
Win32 Project

fﬂw

Click here

find templates.

choose project name
and project dir

Location:

| chusers\ul068873 documentstvisual studio 2013\Projects

N\ Solution name: Labol

/

- | Browse...

Create directory for solution

[] Add to source col
([ ok |[)cance |

\

DESIRE

14/10/2015

C for ES
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Application Wizard

. P re S S ‘ n eXt ’ . n Welcome to the Win32 Application Wizard

These are the aurrent project settings:
o Console application

Overview
Application Settings
Clidk Finish fromany window to accept the aurrent settings.

After you create the projedt, see the projedt's readme. txt file for information about the project
features and files that are generated.

DESIRE C for ES
14/10/2015
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Application Wizard

Win32 Application Wizard - Labo0 ? %
rq . e Select ‘console
sy Application Settings . . ,
G\ application
t:::iv::m o Apgiz?:dnmtjsp:;p“ﬁﬁm Add c:oT_mnn header files for: . D e S e | e Ct
(®) Console application M .
e ‘Precompiled
= header’
Fl _;ec_m;lt; [:;ue:u:ent Lifecyde (SDL) ® D e S e | e Ct
Select SDL
e Select ‘Empty
project’
< Previous Mext = [ Finish ][ Cancel ] . R
| ® Press ‘Finish’

DESIRE C for ES
14/10/2015
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Solution explorer

Solution Explorer
comle--a@| & -
Search Solution Explorer (Ctrl+$) 2~

.T_| Solution 'HelloWorld' (1 project)
4 [%| HelloWorld

+m External Dependencies

+ Header Files

. Resource Files

+  Source Files

DESIRE C for ES
14/10/2015

Bl Tempus
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Create new source file

e Right click on “Source Files”, followed by
“Add -> New Item”

e Select “Code” and enter a file name

Il Default extension is “.cpp” (for a C++ file).
Make sure you save your file as a “*.c” file

DESIRE C for ES
14/10/2015
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Create new source file

Solution Explarer v 0 x
@ o--am|s -
Search Solution Explorer (Ctrl+$) P

.TJ Solution 'HelloWorld' (1 project)
4 HelloWorld

+m External Dependencies

+ HeaderFiles

+ Resource Files

-_

Add S = NRw Item.. Ctrl+Shift+A
g* Class Wizard.. Ctrl+Shift+X ‘0  Existing Item... Shift+Alt+A

Scope to This T8 New Filter

Source Files Filter Mew Solution Explorer View Class...

Shift+Alt+C

| & & cut Ctrl+X
SCC Files ! Copy Ctrl+C

E General Paste Ctrl+V
T X Delete Del
Filter - -
Unique Identifie — ename

#  Properties
{Name)

Specifies the name of the filter.

DESIRE C for ES
14/10/2015

Tempus
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Create new source file

Add New Item - HelloWorld . i 5 - & & [
4 Installed v| & |E= Search Installed Templates (Ctrl+E) P o
4 Visual C++ t+ - . T < i 1C
|—_'| C++ File (cpp) Visual C++ ype: Visual C++
Ul Creates a file containing C++ source code
Code |h'| Header File () Visual C++
Web
Test
Utility
Property Sheets
I Online
Click here to go online and find templates.
Name: HelloWorld.c
Location: C\Users\u0088734\Desktop TempiHelloWorld\HelloWaorld\, -

DESIRE C for ES
14/10/2015




Writing Hello World program

JYesIRE

M HelloWorld - Microsoft Visual Studio Express 2013 for Windows Desktop
PROJECT

FILE EDIT  VIEW
ol B
HelloWorld.c + X

%] Helloworld

Xoq|oog]

BUILD

D Quick Launch (Ctrl+Q) - x

Sofie Beerens ™

A @
DEBUG TEAM TOOLS TEST WINDOW  HELP
'| P Local Windows Debugger ~ |Debug - |Win32

(Global Scope)

1|

Output

Show output from: |

Sie]d N8 Output

Ready

DESIRE
14/10/2015

C for ES

@ o-e
Search Solution Explorer (Ctrl+3$) P v

.TJ Solution 'HelloWorld' (1 project)
4 [%]| HelloWorld
1= External Dependencies
Header Files
Resource Files
Source Files
*+ HelloWorld.c




Hello World!

/*

*/

HelloWorld.c
Our first C program

#include <stdio.h>

|nt maInVOId no Input parameters_

{

printf(*Hello world\n”);

return O;

DESIRE C for ES

14/10/2015

JYesIRE

comments

preprocessor directive

main

main has an integer return value

statement

Tempus
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Hello World: create exe file

BUILD | DEBUG TEAM TOOLS TEST WINDOW

’| 2% Builg Solution F7 in
I Rebuild Solution Ctri+Alt+F7
Clean Solution
7 Run Code Analysis on Solution Alt+F11 |
Project Only »
i Configuration Manager...
; l  Compile Ctrl+F7
Show output from: | Build - [H[
Iseeeem- Build started: Project: HelloWorld, Configuration: Debug Win32 ------

1> HellokWorld.c
1> HelloWorld.vcxproj -» C:\UsersiuBB88/34\Desktop\Temp\HellolWorldhDebugiHellokorld. exe
========== Byild: 1 succeeded, @ failed, @ up-to-date, 8@ skipped ==========

DESIRE C for ES
14/10/2015

Tempus
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Hello World: run program

HE

 DEBUG | TEAM TOOLS TEST WINDOW
| Windows »
I P Start Deljygging F5
7 P Start Without Debugging Ctrl+F5
] @@ Attach to Process..
Exceptions... Ctrl+D, E
G. StepInto F11
(& Step Over F10
Togagle Breakpoint F9
Mew Breakpoint »
Delete All Breakpoints Ctrl+Shift+F9
r Options and Settings...
& HelloWorld Properties..
DESIRE C for ES

14/10/2015

e cmd window opens
shortly and closes
again after execution

=> add breakpoint

11
@? 12
13

return @;

T
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Hello World: run program

DESIRE C for ES
14/10/2015
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Other options to keep console

e Use “Start Without Debugging”

e Add a line “getchar();” before “return 0;”

DESIRE C for ES
14/10/2015

28
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Learning objectives

e Students are able to design DSP algorithms using C and/or a higher
level language

e Students are able to test the algorithms in a sensible manner
e Students can calculate the impulse response of a LTI-system
e Students can calculate a convolution sum and a DFT

e Students can analyze frequency content of digital signals using the
DFT/FFT

e Students are able to create a transfer function and are able to draw a
pole-zero plot using the Z-transform

e Students possess knowledge of the various topics treated in this course
e To make students enthousiast about DSP!

DESIRE
14/10/2015

il Tempus
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Teaching methodology

e Prerequisites: C programming, simulation software
skills, Linux basics

e Theory: lectures + exercises
e Labs: lab assignments

e Theory: 50%, Labs: 50%

Test & verify on PC

Test & verify on
embedded system

Simulate

DESIRE DSP
14/10/2015
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Teaching methodology

e Lab assighments: decreasing support, increasing
independency
Professionalism

'

Independency

Assignments

DESIRE
14/10/2015

32
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Teaching methodology

e Lectures: 12 weeks, 2hrs/week
=> 24 contact hours
e Labs: 12 weeks, 3hrs/week

=> 36 contact hours

e Students will have to prepare the lab
assignments, study the theory, ...

e Evaluation: theory: closed-book exam
labs: practical test

DESIRE DSP
33
14/10/2015

B Tempus
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Learning tools
e Course text

e Lab assignments, library APl & UDOO reference
manual

e Various on-line resources

e Supplementary reading material:
several outstanding books (cfr. next slide)

DESIRE DSP
14/10/2015
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Learning tools

e Oppenheim & Schafer: “Discrete Time Signal Processing”
e Lyons: “Understanding Digital Signal Processing”

Smith: “The Scientist & Engineer’s Guide to Digital Signal
Processing”

Gonzalez & Woods: “Digital Image Processing”

Proakis: “Digital Signal Processing”

Orfanidis: “Introduction to Signal Processing”

Analog Devices (Walt Kester): “Data Conversion Handbook”

Ifeachor & Jervis: “Digital Signal Processing: A Practical
Approach”

e Tan: “Digital Signal Processing: Fundamentals and
Applications”

DESIRE DSP
14/10/2015
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Course text

Signals and systems
Sampling
Convolution

DFT

FFT

FIR filters

lIR filters

Filter Design

Filter Structures
Z-transform

DSP software & hardware
Multirate DSP

DESIRE DSP

14/10/2015

DesIRE

Bl Tempus
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Lab assignments

DESIRE DSP

Signals and systems, sampling

Convolution (1D and 2D)

DFT (incl. windowing and zeropadding)

FFT

Digital filters: FIR and IIR

Filter structures (DF, DF2, cascade)

The Goertzel algorithm (standard and optimized)
Basic image processing (color inversion, RGB to grayscale)
Median image filtering

Edge detection (using Laplacian, Sobel, Prewitt, ...)
Histogram equalization

Audio filters on WAV files

14/10/2015 Bl Tempus
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Demo

DESIRE DSP
38
14/10/2015
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Scratch on Raspberry Pi

e Presentation & demo

DESIRE DSP
14/10/2015
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Embedded Software Course

Bare metal C on ARM Cortex M4

MM Tempus



Objectives of the DesIRE

Embedded Software Course

e Develop an understanding of the technologies
behind an embedded system
o Software components: RTOS, HAL Drivers, Libs
o0 Hardware Modules: USB, Ethernet,
0 Interaction between software and hardware
0 Build system, compiler settings, performance

DESIRE Embedded SW
14/10/2015
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ARM Cortex M core

e ARM Cortex-M processors have been licensed to
over 175 ARM partners (vendors) and benefits from
the widest third-party tools, RTOS and middleware
support of any architecture. Which makes it the best
choice for embedded applications

E ﬁemv& Atm el. _;m&’l‘:&gi I"?rt-: ESS Gg | Hourex # LTUEAR = ppescare

FUﬁTSU ('"ﬁ"E“", @ Tines  ®MICRONAS & Mermsen »ﬂ nuvoton [\

i and el i

Renesns  LIETY Sﬁﬁ SoNaX spﬁ}o‘: KYI ¥ i%ueas TOSHIBA

cugmented

DESIRE Embedded SW
14/10/2015
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The evaluation board:
STM32F4DISCOVERY

e Coded in “Bare metal” C

e Embedded ST-LINK/V2
(USB->JTAG)

e LEDs, PushButton
e USB (Host, Device, OTG
e Motion Sensor

S

e MEMS audio sensor

DESIRE Embedded SW
14/10/2015
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The controller;: STM32F407VGT6

e ARM™ Cortex-M4 core
(168MHz/210DMIPS)

e Single Cycle DSP MAC & FPU

e USB, Ethernet MAC, DMA,
6xUSART, 2xCAN, 3xI%C,
3x12S, 3xSPI, SDIO/MMC

e 1 Mbytes Flash -
STMicroelectronics
e 192 Kbytes SRAM

DESIRE Embedded SW
14/10/2015
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Optional: Base Board (STM32F4DIs-BB)

e Interfaces for:
o Serial Port (RS232 levels)
o Ethernet (Phy)
0 MicroSD
o TFT LCD (sold separately)
0 Camera (sold separately)

DESIRE Embedded SW
14/10/2015

1y

Bl Tempus



Software environment

e CooCox ColDE

0 Free

0 Based on Eclipse but
better GUI (less

options)
0 GCC toolchain

0 Integrated debugger

0 No Simulator
(not needed)

DESIRE Embedded SW
14/10/2015

DesIRE

o CooCox ColDE --- Ci/HandsOnCortexMd/Soluticns/HandsOn3_Hellc_CDC/HandsOn3_Hello_CDC.copraj

SRR Y

File Edit View Project Flash Debug Search Help
O HR S Yo

[} Project i3 = <:==g'> = = 0/ [g mainc (@ startup_stm32fdiccc P2 [£ syscalls.c ]»15 = O/ 3= Outline &2
Target [HandsOn3_Hello_cDC ||| 269 %/ ) 12,
272 void Default_Reset_Handler(void)
[g] stm32fdocllfmee = || 271 # STACK SIZE
[£] stm32fdwec |I_fsme.c 272  /* Initialize data and bss */ @ pulStack: ur
g stm32fdecll_sdmme 273 unsigned long ‘pulf;tc, *pulDest; ‘ # HEAP_SIZE
[€] stm32f4ic ll_usb.c i;-; pulsrc = pulHeap; //5o0 the linker doesn't remove cur heap ® pulHeap: ur
[y STM32_USB_Device Lib 376 # WEAK
ey Class 277 /* Copy the data segment initializers from flash to SRAM */ =+ Reset Hand
Py =L -

[y CDC 273 pulsrc = &_sidata; ++  NMI_Handle
Core 279 ++ HardFault_H
fe [€] usbd_core.c w232 for(pulDest = & sdata; pulDest < & edata; ) ++ MemManag
[g usbd_ctlreq.c 281 £+ BusFault_Ha

cHireq. 282 *(pulDest++) = *(pulSrc++); - -
[£] usbd_joregq.c N2z 3 ++  UsageFault_|
(g Inc 284 + SVC_Handle
@ main.h 285 /* Zero fill the hss segment. This is done with inline assemb ++ DebugMon_
stm32fdx hal confh  — 286 will clear the value of pulDest if it is not kept in a regi: £+ PendSY_Har

o 287  __asm(" ldr re, = shss\n" . T
stm32fdx_it.h 233 " ldr r1, - ebss\n" -H SysTick_Han
€] usbd_cdc_interfaceh  |E||| 230 " mov r2, #8\n" ++ WWDG_IRQH
| usbd_conf.h 290 " .thumb_funcin" ++ PVD_IRQHar
usbd_desch 291 "zero_loop:\n” . ++ TAMP_STAR
[Z| arm-gce-link.ld 292 £mp. re, ri\n ++ RTC_WKUP_
[3_rmain.c S || L W £+ FLASH IROH

L0 i o < | K
B console & 4 SEarchW = B~

Flash dewnload infornation

Erase: Done
Program: Done
verify:  Done

C:\CooCox\CoIDE > "C: /CooCox/ColDE/bin\coflash exe™
<

C:\CooCox\ColDE > "C: fCooCox/ColDE/bin \coflash. exe™ program STM32F407vG "C:/HandsOnCortexM4/SolutionsHandsOn3_Hello_CDC/HandsOn3_Hello CDC/Debug/bin/HandsOn3_

program STM32F407VG "C:/HandsOnCortexM4/Solutions HandsOn3_Hello_CDC/HandsOn3_Hello_CDC/Debug/bin/HandsOn3_
I, |

& HandsO..lo CDC

Writable Smart Insert 71 L} Sign in to CooCox...
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STM32CubeMX

e Firmware for STM32 e Manuals and STH32Cube

Drivers Datasheets Middleware

microcontrollers ‘ ‘ l,

e Generates
boilerplate code
based on wizard |7

e ColDE is not

supported. Manual
import is needed "f

seBE@eeee

O X

.

DESIRE Embedded SW IDE Specific ~ Configured Pin Hardware Power
Projects Drivers and  Configuration Initialisation Consumption

14/10/2015 Middleware Report Code Estimates
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Course Overview

e Labs (Hands On) 2,5h x 12 = 30h
o Blinky (GPIO)
0 Hello World (UART, Semihosting, USB CDC)
o Timer (Interrupt)
o DMA
0 Embedded TCP/IP IwIP
0 RTOS (FreeRTOS)

DESIRE Embedded SW
14/10/2015

50
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Course Overview

e Project during remaining labs (+homework)

o Student chooses there own project (functional).

0 Student needs to implement a middleware library
(e.g. IwlIP or FatFS or FreeRTOS )

0 Teacher guards complexity, cost, ...

DESIRE Embedded SW
14/10/2015
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Course Overview

e Results of a Project (on a previous MCU)

Audio Player

JUC ELEKTRONIX
Presents
DMX over Ethernet

DESIRE Embedded SW
14/10/2015

Tempus
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Course Overview
e Lectures 30h

o Development 0 DMA (Uart)
environment 0 RTOS

o GPIO o Start-up/Boot code

o Semihosting Linker scripts

o Uart Communication 0 Coding Standards

(CERT C, MISRA C)
0 Coding Style
0 ARM Cortex-M Core

0 USB Communication
0 Interrupts (Systick, GPIO)
o lwlP

DESIRE Embedded SW
14/10/2015
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Demonstration

e Http webserver based on Hands On 5 (IwlP)
o0 LED3

o ADC

&% STM3ZFaT x O

€ | @ 192.168.0.10/indexhtml Elv| & | @ |Q Zocken & B »

THOMAS

M RC

STM32F4x7 Webserver Demo
Based on the IWIP TCP/IP stack

Home page Led control
STM32FDiscovery HI' TP Demonstration

Use Led control to control a LED
Use ADC status bar to read an ADC

About this demonstration

This webserver is a part of a demonstration
DESI RE Em bedded SW _pln_?;l;?gestiiiéloped on the top level of the IwIP JJ J)@ S :[ Q E
Ported to CoIDE by Dams Wim
14/10/2015

for the Tempus Desire Project

About LwIP
Ll
T
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EDGSIQE
Goals Of The Course

e Give students an understanding about
multicore programming

e Give students some background on multicore
nardware

e Learn students how to program multicore
nardware with OpenCL

Multicore Programming

B Tempus
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Goals Of The Course

e Theory: 12 weeks x 1h
e Labs: 8 weeks x 3h

e Material
0 PowerPoint presentations
o Lab assignments
e Complementary reading material
0 OpenCL 1.2 specification
0 Heterogeneous Computing with OpenCL v2
O Internet

57 Multicore Programming

B Tempus
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Course Overview

e Introduction
o Parallel Computing
0 OpenCL
e GPU Architectures
e OpenCL
Buffers
Images
Memory
Threading HW
Optimizations
Nbody Optimizations
Extensions
Timing
Debugging
Multidevice

O
O
O
O
O
O
O
O
O
O

Multicore Programming

Tempus
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Parallel Computing

e Parallel computing
e Multicore hardware
e Determining parallelism in software

Multicore Programming
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OpenCL

e What is OpenCL?

e OpenCL platforms

e OpenCL devices “Eg\
o Contexts S ‘
o Queues -

Data transfers OpenCL

OpenCL programs and kernels

Threads

Memory model
Address space

Multicore Programming

60
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Useful Information

e OpenCL Specification
e Books

0 Heterogeneous Computing with OpenCL
— Second Edition revised for OpenCL 1.2

0 OpenCL Programming Guide
0 OpenCL In Action

61 Multicore Programming

B Tempus
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Content

e Goals
e Course Overview
e Labs

o Hardware

o Software

0 Lab Setup

0 Lab Exercises
0 Lab Projects

62 Multicore Programming

B Tempus
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Hardware

e NVidia
o GPU
— GeForce 8400GS and up
— Quadro NVS 295 and up
— Tesla
o Tegra2 and up
e AMD/ATI
o GPU

— Radeon HD4000 series and up
— FireStream 9250 and up
— FirePro V3750 and up

o CPU
— AMD x86 with SSE 2 and up
e Intel

o CPU
— Intel x86 with SSE 4.1 and up

Multicore Programming

Tempus
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Hardware

e ARM
o GPU
— ARM Mali 600 and up
o CPU
— Cortex-A7, A9, A15, A17, A53, A57
e IBM

0 Processor
— Cell/B.E.

e Altera

o FPGA
— Cyclone V
— Stratix V
— Arria V

Multicore Programming

Tempus
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Software

o AMD
— AMD Accelerated Parallel Programming (APP) SDK
— CodeXL
— http://developer.amd.com/tools-and-sdks/opencl-zone/
o NVidia
— CUDA
— https://developer.nvidia.com/get-started-parallel-computing

0 Intel
— Integrated Native Developer Experience
— https://software.intel.com/en-us/intel-opencl

Multicore Programming

il Tempus
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DesIRE
Start Up: Create Project

‘ FILE EDIT  VIEW DEBUG CODEXL TEAM TOOLS TEST CODE-BUILDER DRIVER  ANALYZE WINDOW HELP
8 - o o P Attach.. ~ Ae. 7@ 4

Solution Explorer ~ I X StartPage ® X

~ .- . . .
You can find information about new features and enhancements in What's new on Microsoft Platforms

Professional 2013 by reviewing the following sections.

12101dx3 JaMIaS

¥0g|oo]

Connect to Azure

SUONRILNON

Announcements

dinsdag, juni 09, 2015

In this interview, super smart and talented Sara Itani talks about some of the awesome things recently added to Visual Studio to support node.js development.
Not only do we dive into some of the tools available but we also go through the process of creating and deploying a node.js Express website. It is an awesome
soup to nuts discussion and demo on the great work we are doing to support developers in Visual Studio. Best thing to do is download the tools and follow alo...

v
£
o
=
2
o
E]
E
54
o
o
a
@
©
=
=
o
=
=
=5

G
=
]
=

Output

Show output from: Driver

Driver output is listed here.

Clas... Prop.. Tea. Call Hierarchy Package Manager Console Find Symbol Results Error List Pending Changes

Multicore Programming
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Start Up: Create Project

EDIT VIEW DEBUG CODEXL TEAM TOOLS TEST CODE-BUILDER DRIVER  ANALYZE  WINDOW
New 3 Project.. Ctrl+Shift+N
Open ‘® Web Site.. Shift+Alt+N
Close T Team Project..
File... Ctrl+N
Project From Existing Code...

ST U £ L o OvVer

Cave A Ctrl+Shift+S ind i
Save All Ctrl+Shift+5 You can find info

Professional 201

Subversion

Account Settings...
Recent Files Connect to Azure
Recent Projects and Solutions

Exit

Multicore Programming



Start Up: Create Project

TEAM  TOOLS  TEST

P Attach.

18 New Project
P Recent

4 [Installed

winuows Driver
ATL

CLR

General

MFC

Test

Win32

OpenCL

b Online

Name:
Location:

Solution name:

CODE-BUILDER

.NET Framework 4.5

IVER  ANALYZE  WINDOW

~ Sort by:

Win32 Console Application

Win32 Project

Empty Proje:

Makefile Proje

HELP
s e. 9

Default

Visual C++
Visual C++
Visual C++
Visual C++

Visual C++

sual studio 2013\Projects

Multicore Programming

- Browse.

ate directory for solution
["] Add to Subversion

DesIRE

n Microsoft

Cancel



Start Up: Add Library Files

Multicore Programming

Solution Explorer

¥ 0 X HelloWorld.cl
%l OpenCLStart
=]

OpenCLUtils.cpp

p-

s Solution 'OpenCLStart’ (1 project)

4 %/ OpenClStart =~
P ¥% External Dep &
4 23] Header Files

B mainh

Source Files
‘ HelloWo
main.cpg
OpenCLL

e
»

Build

Rebuild

Project Only

Scope to This

New Solution Explorer View
Profile Guided Optimization
Build Dependef

Add

Class Wizard... Ctrl+Shift+X
Manage NuGet Packag
Set as StartUp Project
Debug

Source Control

Cut

Remove
Rename
Unload Project
can Solution
Open Folder in File Explorer

Properties

JYesIRE



JYesIRE
Start Up: Add Library Files

Configuration: |Active(Debug) * | Platform: |Active(Win32) vl l Configuration Manager... l

I» Common Properties <&tional Include Directories C:\Program Files %28x86%29\AMD APP S5DK\2.9-1\includ

4 Configuration Properties Additional Fusing DTectoTes
General Debug Information Format Program Database for Edit And Continue (/ZI)
Debugging Common Language RunTime Support

irectories Consume Windows Runtime Extension
Suppress Startup Banner Yes (/nologo)

Warning Level Level3 (/W3)
I Manifest Tool

Treat Warnings As Errors No (/WX-)
> XML Document Generator SDL checks Yes (/sdl)

B renes Lt o Multi-processor Compilation

I> Build Events
l> Custom Build Step
I Code Analysis

Additional Include Directories
Specifies one or more directories to add to the include path; separate with semi-colons if more than on...

OK | [ Annuleren Toepassen

Multicore Programming
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JYesIRE
Start Up: Add Library Files

Configuration: |Active(Debug) * | Platform: [Active(Winﬂ} vl l Configuration Manager... l

I> Common Properties Additional Include Directories DK .9-l\include:%(AdditionaIIncIudeDirectories)E

4 Configuration Properties Additional #using Directories <Edit..> )
General Debug Information Format rom parent or project defaults>
Debugging Common Language RunTime Support
VC++ Directories Consume Windows Runtime Extension

b GG+ Suppress Startup Banner Yes (/nologo)
B Linker Warning Level Level3 (fW3)
b Manifest Tool Treat Warnings As Errors No (/WX-)

I XML Document Generator SDL checks Yes (/sdl)

> Brc_nwse Lrontaton Multi-processor Compilation

I> Build Events

l> Custom Build Step

I Code Analysis

Additional Include Directories
Specifies one or more directories to add to the include path; separate with semi-colons if more than on...

OK ] [ Annuleren Toepassen

Multicore Programming
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JYesIRE
Start Up: Add Library Files

Configuration: |Active(Debug) * | Platform: |Active(Win32) vl l Configuration Manager...

I» Common Properties Additional Include Directories C:\Program Files %28x86%29\AMD APP 5DK\2.9-1\includ
4 Configuration Properties e

General Additional Include Directories M
Debugging

WVC++ Directories

CC++ C:\Program Files %28x86%29\AMD APP SDK\2.9°xmClude -
Linker
Manifest Tool

HML Document Generator

4 | 11 | 3

Browse Information
Build Events
Custom Build Step Inherited values:

Code Analysis o

s nd=wv o 00

OO W W

Addit
Spec Inherit from parent or project defaults

[0]:4 ‘ Cancel ‘

olons if more than on...

Toepassen

Multicore Programming




JYesIRE
Start Up: Add Library Files

Configuration: |Active(Debug) * | Platform: |Active(Win32) vl l Configuration Manager...
I Common Properties Qutput File $(OutDir)$(TargetName)$(TargetExt) 5l
4 Configuration Properties Show Progress Not Set
General Version
Debugging Enable Incremental Linking Yes (/INCREMENTAL)
VC++ Directories Suppress Startup Banner Yes (/NOLOGO)

Ignore Import Library Mo
Register Qutput Mo
Tool P Mo

LSS k=Re e T
> XML Document Generator

—
Additional Library Directories C:\Program Files %28x86%29\AMD APP SDWWB
Link Library Creprermhene: Neg
Use Library Dependency Inputs Mo
Link Status
Prevent DIl Binding
Treat Linker Warning As Errors
Force File Output
Create Hot Patchable Image
Specify Section Attributes -

Output File

The /OUT option overrides the default name and location of the program that the linker creates.

> Browse Information
> Build Events

l> Custom Build Step
I Code Analysis

OK | [ Annuleren Toepassen
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JYesIRE
Start Up: Add Library Files

Configuration: |Active(Debug) * | Platform: [Active(Winﬂ} vl l Configuration Manager...
I» Common Properties =il Additional Dependencies Wneﬂ2.Iib;user32.Iib:gdi32.Iib;winspool.|ib;comc
4 Configuration Properties Ignore All Default Libraries
General Ignore Specific Default Libraries
Debugging Module Definition File
VC++ Directories Add Module to Assembly
P C/Ce+ Embed Managed Resource File
4 Linker

Force Symbol References

Delay Loaded Dlls
- Assembly Link Resource
File

Debugging
System
Optimization
Embedded IDL
Windows Metadata
Advanced
All Options
Command Line

I Manifest Tool Additional Dependencies

B XML Document Generatc ™ Specifies additional items to add to the link command line [i.e. kernel32.lib]
14 | 1 | »

L

OK ] [ Annuleren Toepassen
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Code Profiling

e CodeXL integratesin
Visual Studio and can
be used from there

Multicore Programming

JYesIRE

CODEML—TZAM  1uuLs  Tosr —~CODE-BUILDER  DRIVER
Start CodeXL Profiling (OpenCLStart.exe) Shift+Alt+F5
Switch tn Nak
Profile Mode - GPU: Performance Counters

SWitairta a hdnda

CPU: Custom Profile

System Information...

CodeXL Project Settings...

CodeXL Options...

CodeXL Views

Open Teapot Sample Project

Open Matrix Multiply Sample Project

Help FoF1l

penCLStart.exe  (Win3Z): Loaded "L:\Program riles (x&b)\Common Fil

= .y



Code Profiling

e The console
window shows
some extra
output

Multicore Programming

<

8850TDGcuments\De Nayer\Research\Desire\Multicore
AMD CodeXL GPU Profiler U3.1.8364 is Enabled

JYesIRE

i\, mm \

AMD CodeXL GPU Profiler Kernel occupancy module is enabled

Which platform _to use?

Platform 1: Intel(R) OpenCL

Platform 2: AMD Accelerated Parallel Processing
Platform 3: Experimental OpenCL 2.0 CPU Only Platform
2

Available devices on the chosen platform:

1: GPU

2: CPU

1

Oland

Available device information:

Number of compute units: 6

Max clock frequency: 900MHz

Global memory size: 2048MB

Local memory size: 32KB

Supported OpenCL version: OpenCL 1.2 AMD-APP (1642.5)
Device Available: Yes

Writing to file: C:/Users/u@068830/AppData/Reaming/AMD/CodeXL/OpenCLStart_Profil
erOutput/Jun-17-2015_11-17-24/sp_tmp.HellolWorld__k1_0land1l.il

Writing to file: C:/Users/u@068830/AppDatas/Roaming/AMD/CodeXL/OpenCLStart_Profil
erOutput/Jun-17-2015_11-17-24/sp_tmp.Hellollorld__k1_0landl.isa

Writing to file: C:/Users/u0068830/AppData/Roaming/AMD/CodeXL/0OpenCLStart_Profil
erfutput/Jun-17-2015_11-17-24/sp_tmp.Hellolorld__k1_0landl.cl




;DGSIQ
Code Profiling

- &

FILE EDIT VIEW PROJECT BUID DEBU CODEXL TEAM TOOLS TEST CODE-BUILDER /ER  ANALYZE WINDOW  HELP Signin

[«] {(n] 2 W P Local Windows Debugger ~ Auto Debug Win32 )= oY ! 2

Solution Explorer » 0 X Jun-17-201511-17-24 + X mainh HelloWorld.cl main.cpp

Performance Counters

P~ Showy Zero Columns

Solution ‘OpenCLStart’ (1 project) Method ExecutionOrder ~ ThreadlD Calllndex GlobalWorkSize WorkGroupSize  Time  LocalMemSize VGPRs SGPRs ScratchRegs FCStacks  KernelOccupancy  Wavefronts  ALUIn
4 [%] OpenCLStart

= 1 HelloWorld ki Olan... 1 8540 21 {1048576 1 1} NULL 0.14696 0 3 18 0 NA 100 16384
b ¥ External Dependencies

Source Files
‘ HelloWorld.cl

<

Output

Show output from: Debug

“upentLSTart.exe (WinsZ): - g \Lommon F1les\lntel\up D1N\ < all . Lannot t1nd or open the PUG tlle.
'OpenCLStart.exe’ (Win32): Program Files (x86)\Common Files\Intel\OpenC \ v . Cannot find or open the PDB file.
"OpenCLStart.exe’ (Win3 " Windows\SysWOWeA\IntelOpenCLProfiler.d11". Module was built without symbols.

The thread @x196@ has i wi de B (0x0).

The program '[9168] OpenCLStart.exe' has exited with code @ (@x@).

Multicore Programming




Code Profiling

Jun-17-2015_11-17-24 + X

main.h

;DeSIQ

Performance Counters Kernel Occupancy (Helloworld) [

Number of waves limited by Work-group size Number of waves limited by VGPRs Number of waves limited by SGPRs Number of waves limited by LDS
48 48 48 48
) ) ) )
b} b} 4 b}
= = = =
2 2 2 - 2
R R T o] R
= = = =
@ 1 @ @ @
= = = =
S S 2 2
S S o 54 = o4
5] 5] 3] 5]
@ @ @ @
[ [ w [
=] =] =] =]
Pl Pl P P
@ 124 @ 124 w12 @ 12
=} =} el =}
E E E E
=) =) = =)
=z =z ra =z
0 0 [ 0
0 &4 128 192 256 0 &4 128 192 256 0 2% 52 ] 102 0.0k 8.0k 16.0k 24.0k 32.0k
Work-group size Number of VGPRs Number of SGPRs LDS Size
Variable Value Device Limit
Device name Oland
Number of compute units &
Max number of waves per compute unit 40
Max number of work-groups per compute unit 16
Wavefront size 64
Kernel name HelloWorld
Vector GPR usage per work-item 3 256
Scalar GPR. usage per work-item 18 102
I NS nsage ner wark-araun n ARRIA
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Questions?

DESIRE TMMA
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Contact

Ing. Dirk Van Merode MSc.
Project Coordinator DESIRE
Thomas More | Campus De Nayer
Technology & Design

J. P. De Nayerlaan 5

2860 Sint-Katelijne-Waver

Belgium
Tel. +3215316944
Gsm + 32 496 26 84 15

dirk.vanmerode@thomasmore.be

Skype dirkvanmerode
www.thomasmore.be

DESIRE TMMA

Dr. Ing. Peter Arras MSc.
International Relations Officer

KU Leuven | Campus De Nayer
Faculty of engineering technology
J. P. De Nayerlaan 5

2860 Sint-Katelijne-Waver

Belgium
Tel. +3215316944

Gsm + 32 486 52 81 96

peter.arras@kuleuven.be

Skype pfjlarras
www.iiw.kuleuven.be

JYesIRE

Tempus


mailto:dirk.vanmerode@thomasmore.be
mailto:peter.arras@kuleuven.be
http://www.thomasmore.be/
http://www.iiw.kuleuven.be/

	Courses TMMA
	Colleagues
	Courses
	C for embedded systems�Sofie Beerens
	Prerequisites
	Objectives
	Objectives
	Objectives
	Why C?
	Course material
	Content
	Content
	Content
	Hello world
	Create new project
	New Project Window
	Application Wizard
	Application Wizard
	Solution explorer
	Create new source file
	Create new source file
	Create new source file
	Writing Hello World program
	Hello World!
	Hello World: create exe file
	Hello World: run program
	Hello World: run program
	Other options to keep console	
	Digital Signal Processing�Johan Van Bauwel
	Learning objectives	
	Teaching methodology	
	Teaching methodology	
	Teaching methodology	
	Learning tools	
	Learning tools	
	Course text	
	Lab assignments	
	Demo	
	Embedded OS�Bart Tanghe
	Scratch on Raspberry Pi	
	Embedded SW�Wim Dams
	Embedded Software Course
	Objectives of the �Embedded Software Course
	ARM Cortex M core
	The evaluation board:� STM32F4DISCOVERY
	The controller: STM32F407VGT6
	Optional: Base Board (STM32F4DIS-BB)
	Software environment 
	STM32CubeMX
	Course Overview
	Course Overview 
	Course Overview 
	Course Overview
	Demonstration
	Multicore Programming�Lars Struyf
	Goals Of The Course
	Goals Of The Course
	Course Overview
	Parallel Computing
	OpenCL
	Useful Information
	Content
	Hardware
	Hardware
	Software
	Start Up: Create Project
	Start Up: Create Project
	Start Up: Create Project
	Start Up: Add Library Files
	Start Up: Add Library Files
	Start Up: Add Library Files
	Start Up: Add Library Files
	Start Up: Add Library Files
	Start Up: Add Library Files
	Code Profiling
	Code Profiling
	Code Profiling
	Code Profiling
	Questions?
	Contact

