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Objective
From the Web Link for MSYS2 Read:
From the Web Link for Mingw-w64 Read:
From the Web Link for vs code Read:
Installing MSYS2 and Mingw-w64 under MSYS2
Installing vs code and Integrating Powershell
Setting Environment Variables from Scratch
Building (compile/link), Run, and Debugging
Building and Running Code
Configure the .vs.code™ Debugger
Options?

Objective

Install an environment for building native programs that use the GCC compilers, such g++ for C++
programs and the gdb debugger. Secondly, you install a popular yet simple code editor, for writing,
debugging, and running your code. For GCC there are multiple options to choose from, but for
Windows one such environment is MSYS2 (https://www.msys2.org/) with Mingw-w64 (https://www.mi
ngw-w64.org). A cross—platform IDE that works well under macOS, Linux, and clearly Windows, is
Microsoft's vs code configured for code development Mingw—-w64 (https://code.visualstudio.com/docs
/[cpp/config—mingw).

With all of the above in place you have a comfortable environment to develop and benchmark DSP
code using C++. The code executable can be fed binary file test vectors from Jupyter Lab notebooks
and in turn output test vectors from the C++ code can be further analyzed and display results in the
same Jupyter Lab notebook. Note Julia with the Pluto notebook can serve the same purpose.

From the Web Link for MSYS2 Read:
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MSYS2 4
ftware Distributior

: istribution and Building Platform for Windows

MSYS2 is a collection of tools and libraries providing you with an easy-to-use environment for building,
installing and running native Windows software.

It consists of a command line terminal called mintty, bash, version control systems like git and subversion,
tools like tar and awk and even build systems like autotools, all based on a modified version of Cygwin. Despite
some of these central parts being based on Cygwin, the main focus of MSYS2 is to provide a build environment
for native Windows software and the Cygwin-using parts are kept at a minimum. MSYS2 provides up-to-date
native builds for GCC, mingw-w64, CPython, CMake, Meson, OpenSSL, FFmpeg, Rust, Ruby, just to name a few.

To provide easy installation of packages and a way to keep them updated it features a package management
system called Pacman, which should be familiar to Arch Linux users. It brings many powerful features such as
dependency resolution and simple complete system upgrades, as well as straight-forward and reproducible
package building. Our package repository contains more than 2000 pre-built packages ready to install.

For more details see 'What is MSYS2?' which also compares MSYS2 to other software distributions and
development environments like Cygwin, WSL, Chocolatey, Scoop, ... and 'Who Is Using MSYS2?' to see which
projects are using MSYS2 and what for.

From the Web Link for Mingw-w64 Read:

Overview

Mingw-w64 is an advancement of the original mingw.org project, created to support the GCC compiler on Windows
systems. It has forked it in 2007 in order to provide support for 64 bits and new APIs. It has since then gained widespread
use and distribution.

The development and community are very active and welcoming with new contributors every month and simple installers.

Headers, Libraries and Runtime

e More than a million lines of headers are provided, not counting generated ones, and regularly expanded to track new
Windows APIs.

e Everything needed for linking and running your code on Windows.

e Winpthreads, a pthreads library for C++11 threading support and simple integration with existing project.

e Winstorecompat, a work-in-progress convenience library that eases conformance with the Windows Store.

e Better-conforming and faster math support compared to VisualStudio's.

Tools

o gendef: generate Visual Studio .def files from .dll files.
o genidl: generate .idl files from .dll files.
o widl: compile .idl files.
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From the Web Link for vs code Read:
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Installing MSYS2 and Mingw-w64 under MSYS2

The steps to take here can be found in the MSYS2 web link. In particular this page provides nine total

steps, with last two being comment steps, to get MSYS2 and Mingw-w64 setup on your system.

e Steps 1-7 bring you from download to full installation for our purposes. In Step 4 be sure to tick
the check box to insure that the shell/terminal for MSYS2 will launch when completing the step.

o In Step 5 you update the package database and the base packages using $ pacman -Syu in
the "MSYS2 MSYS" shell:

M - O X

o In Step 6 you again use "MSYS2 MSYS", which can be launched from the maroon icon in the
start menu,

M

MSYS2 MSYS

o This time you update the base packages using $ pacman -Su . Note all maintenance with
MSYS2 is done using this shell
o Finally in Step 7 you again using the "MSYS2 MSYS" shell to install GCC using via the
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command line $ pacman -S —-—needed base-devel mingw-w64-x86_64-toolchain
Icons now appear on the Start menu under MSYS2 64bit
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BB Msys2 64bit

M MSYS2 MinGW 32-bit

Me MSYS2 MinGW 64-bit

M MSYS2 MinGW UCRT 64-bit

M2 MSYS2 MSYS

. New

o The blue MSYS2 MinGW 64-bit icon launches a shell/terminal that you can build and run

GCC code. This shell and a text editor, perhaps notepad++ (with Language set to C++) would
be a minimalist install for Problem 2, e.g. below | run the sample code after navigating to the
folder where my FFT_filtering project is located; make can be run from this shell as well

my preference is to press on to install vs code

m /c/Users/mwickert/Documents/Projects/cpp_proj/FFT_filtering

$ ./bin/main

(+1.
(+0.
(+0.
(+1.
(+0.
(+0.
(+0.
(+0.

.0000)
.0000)
.0000)
.0000)
.0000)
.0000)
.0000)
.0000)

X1l=

(+2.
(+0.
(+1.
(+1.
(+0.
(+1.
(+1.
(+0.

/c/Users/mwickert/Documents/Projects/cpp_proj/FFT_filtering

fFt(x1)

0000, +0.
2929,-0.
0000, +1.
7071,-0.
0000, +0.
7071,+0.
0000, -1.
2929,+0.

0000)
7071)
0000)
7071)
0000)
7071)
0000)
7071)

ifft(FFt(x1))

(+1.
(+0.
(+0.
(+1.
(+0.
(-0.
(+0.
(+0.

0000, +0.
0000, -0.
0000, +0.
0000, +0.
0000, +0.
0000, +0.
0000,+0
0000, +0.

0000)
0000)
0000)
0000)
0000)
0000)

.0000)

0000)

LITTLTITT7777777177777717777777177777777177777777777

FIR (time domain) Calculation time = +1621lus

Done!

S |

Installing vs code and Integrating Powershell

To make you environment more comfortable install vs code using the four steps Prerequisites in vs
code with mingw . There is no need to go through the steps under Create Hello World unless choose.

Under Step 4 there are five inner steps which involve setting Environment Variables. Ultimately you will

be adding these paths:

C:\msys64\mingw64\bin
C:\msys64\usr\bin

/c/Users/mwickert/Documents/Projects/cpp_proj/FFT_filtering
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Setting Environment Variables from Scratch

If you are new to setting environment variables in Windows, | am providing here some screenshots to
guide you through the process:

1. In the search field of the lower left task bar type something like edit the system environment
variables ; this should give the option seen at the top of the screenshot below:

All  Apps Documents ~ Web More ¥ g oo X
Best match
L,a Edit the system environment Q
variables

=
Control panel .

search school and web Edit the system environment variables

Control panel

L edit system - See school and web results >
A edit system environment variables >
Open
L edit systemd >
L edit systems >
£ edit system32 >
£ edit system va >
£ edit system bios >
A edit system date >
AL edit system variables >

L edit system

2. Choose the top option and you will be brought to:
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System Properties X
Computer Name Hardware Advanced System Protection Remote

You must be logged on as an Administrator to make most of these changes.

Performance

Visual effects, processor scheduling, memory usage, and virtual memory

User Profiles

Desktop settings related to your sign-in

Settings...
Startup and Recovery
System startup, system failure, and debugging information
Settings...
Environment Variables...
OK Cancel Apply

3. Next click the Environment Variables button in the lower left and you will be brought to

Environment Variables X

User variables for mwickert

Variable Value
ChocolateylastPathUpdate ~ 132542528767847153
OneDrive C:\Users\mwickert\OneDrive
C:\Users\mwickert\Miniconda3;C:\Users\mwickert\Miniconda3\Li...
TEMP C:\Users\mwickert\AppData\Local\Temp
T™P C:\Users\mwickert\AppData\Local\Temp
New... Edit... Delete

System variables

Variable Value A

ChocolateylInstall C:\ProgramData\chocolatey

ComSpec C:\WINDOWS\system32\cmd.exe

DriverData C:\Windows\System32\Drivers\DriverData

LOG borg

NUMBER_OF_PROCESSORS 4

oS Windows_NT

Path CAWINDOWS\system32;C:A\WINDOWS;C:\WINDOWS\System32\...

PATHFXT COM:FXF: BAT:.CMD:VRS:.VRF:.JS:. ISF: WSF: WSH: MSC v
New... Edit... Delete
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4. In the upper field choose Path (this is selected in the above screenshot), then click button

Edit... just below, as in edit paths:

Edit environment variable X
C:\Users\mwickert\Miniconda3 New
C:\Users\mwickert\Miniconda3\Library\mingw-w64\bin
C:\Users\mwickert\Miniconda3\Library\usr\bin Edit
C:\Users\mwickert\Miniconda3\Library\bin
C:\Users\mwickert\Miniconda3\Scripts

Browse...
C:\Users\mwickert\Documents\rtl-sdr-release\x64
%USERPROFILE%\AppData\Local\Microsoft\WindowsApps
C:\Users\mwickert\AppData\Local\Programs\Microsoft VS Code\bin Delete
C:\Users\mwickert\AppData\Local\Pandoc\
C\msys64\usr\bin Move Up
Move Down
Edit text...

5. At this point you add the New paths shown at the bottom of the list (this assumes you installed
MSYS2 in the default folder C:\msys64 ); OK out of all of the environment variable related open

windows

6. Now you can move on to test that the paths work in Powershell , which is also described in the

link vs code with mingw under the subsection Check you MinGW Installation:

TERMINAL JUPYTER: VARIABLES PROBLEMS (33

(base) PS C:\Users\mwickert\Documents\Projects\cpp_proj\FFT_filtering> g++
g++.exe (Rev5, Built by MSYS2 project) 10.3.0

Copyright (C) 2020 Free Software Foundation, Inc.

This is free software; see the source for copying conditions. There is NO
warranty; not even for MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.

(base) PS C:\Users\mwickert\Documents\Projects\cpp_proj\FFT_filtering> gdb
GNU gdb (GDB) 10.2

Copyright (C) 2021 Free Software Foundation, Inc.

License GPLv3+: GNU GPL version 3 or later <http://gnu.org/licenses/gpl.html>
This is free software: you are free to change and redistribute it.

There is NO WARRANTY, to the extent permitted by law.

(base) PS C:\Users\mwickert\Documents\Projects\cpp_proj\FFT_filtering> D

Building (compile/link), Run, and Debugging
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The final two steps are the build process and configuring the vs code debugger.

Building and Running Code

Since the project contains a Makefile the building step is easy. Inside vs code you can start a

Powershell session using the Terminal app. This is shown in the above screenshot. Note the Terminal
app normally sits at the bottom right of the vs code window. It may be hidden, but can be brought up
using the key sequence ctrl-back tic (the upper left keyboard tic that shares the ~ key).

To build you project make sure the terminal is in the top level folder of the project, where Makefile

resides, then type make at the terminal command prompt. The code fence below is a copy taken from
the Powershell terminal in vs code . Here | ran make followed by code execution using

./bin/main :
1 (base) PS C:\Users\mwickert\Documents\Projects\cpp_proj\FFT_filtering> make
2  g++ —-std=c++17 —ggdb -Iinclude src/fft.cpp src/fir_float32.cpp
src/IQfile_IO.cpp src/main.cpp -0 bin/main
3 (base) PS C:\Users\mwickert\Documents\Projects\cpp_proj\FFT_filtering>
./bin/main
4 x1 X1=fft(x1) ifft(fft(x1))
5 (+1.0000,+0.0000) (+2.0000,+0.0000) (+1.0000,+0.0000)
6 (+0.0000,+0.0000) (+0.2929,-0.7071) (+0.0000,-0.0000)
7 (+0.0000,+0.0000) (+1.0000,+1.0000) (+0.0000,+0.0000)
8 (+1.0000,+0.0000) (+1.7071,-0.7071) (+1.0000,+0.0000)
9 (+0.0000,+0.0000) (+0.0000,+0.0000) (+0.0000,+0.0000)
10 (+0.0000,+0.0000) (+1.7071,+0.7071) (-0.0000,+0.0000)
11 (+0.0000,+0.0000) (+1.0000,-1.0000) (+0.0000,+0.0000)
12 (+0.0000,+0.0000) (+0.2929,+0.7071) (+0.0000,+0.0000)
13
4 /1117777777777 77777777777777777777777777777777777777
15 FIR (time domain) Calculation time = +1660us
16 Done!
17 (base) PS C:\Users\mwickert\Documents\Projects\cpp_proj\FFT_filtering>

Configure the .vs.code™ Debugger

The below is a launch.json file that sets up the C++ debugger on my XPS13 tablet. | will demo the
remaining details of this in class.

// Use IntelliSense to learn about possible attributes.
// Hover to view descriptions of existing attributes.
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4 // For more information, visit: https://go.microsoft.com/fwlink/?
1linkid=830387

5 "version": "0.2.0",

6 "configurations": [

7 {

8 "name'": "Python: Current File",

9 "type": "python",

10 "request": "launch",

11 "program": "${file}",

12 "console": "integratedTerminal"

13 Iy )

14 {

15 "name": "g++.exe - Build and debug active file",

16 "type'": "cppdbg",

17 "request": "launch",

18 "program": "${workspaceFolder}\\FFT_filtering\\bin\\main.exe",

19 "args": [I],

20 "stopAtEntry": false,

21 "cwd": "${workspaceFolder}\\FFT_filtering",

22 "environment": [],

23 "externalConsole": false,

24 "MIMode": 'gdb",

25 "miDebuggerPath": "C:\\msys64\\mingw64\\bin\\gdb.exe",

26 "setupCommands": [

27 {

28 "description": "Enable pretty-printing for gdb",

29 "text": "-enable-pretty-printing",

30 "ignoreFailures": true

31 b

32 Iy

33 b

34 ]

35 |}

When the Tlaunch.json file is in place and configured properly appears as shown below when a break
point is set on FIR1.lfilter() :
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) File Edit Selection View Go Run Terminal Help main.cpp - cpp_proj - Visual Studio Code
D g++exe-Builv €% -+ {} launchjson maincpp X > < ¥ T O 0O float32h

“ VARIABLES FFT filtering > src > main.cpp > @ main()
V Locals
k: @

> FIR1: }

for (int n=@; n < N_frame; n++) {
x[n] = x_in[n+k*N_frame].real();

> x_in:

> x: FIR1.1filter(y, X);

>y:

k_max: 2
> y_out:
v WATCH for (int n=@; n < N_frame; n++) {
y_out[n+k*N_frame] = y[n] + ©.0if;
}
b

to stopl = std::chrono::high_resolution_clock::now();

DEBUG CONSOLE ~ **+ Filter ude) g++exe-Buildanddelv = ~ X

v CALL STACK X
v Thr...  PAUSED ON BREAKPOINT h
main() main.cpp  53:1
> Thread #2 PAUSED
> Thread #3 PAUSED

> Thread #4 PAUSED

.98026752
.92114735
.82287216
.68583202
.5105648

.29776478
.04827023
.76306725
.44327927

» W N B ®

v BREAKPOINTS

N oy wn

¥ main.cpp FFT filterin... 53

H

O o

¥ main.cpp FFT filterin... 99

1 > JULIA: COMPILED CODE >

X' Python 3.9.6 64-bit ('dsp-comm39" conda) @ 0 A 33 & g++.exe - Build and debug active file (cpp_proj) Julia env: v1.5 Spaces:2 UTF-8 LF C++ Win32 & Q

® The DEBUG CONSOLE lets you view the contents of variables and arrays and hovering over a
variable in the code window lets you see the variable immediately

Options?

® Set up more vs code extensions:

o Python and Python tutorial
o Jupyter notebooks in vs code . The Jupyter tab adjacent to Terminal that display in the lower
pane shows the below for the FFT_filter_sample.ipynb when loaded in vs code using

the notebook extension:
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JUPYTER: VARIABLES

A Type Value
ndarray [ 1.81326803e-05 -5.01297318e-04 -1.137833(
float 0.1
int 10
ndarray [012..1021 1022 1023]
int 1024
ndarray [10.9.98026728 9.92114701 ... 2.48689887 1.8
ndarray [ 1.8132679e-04 -4.8320042e-03 -1.6201515e-

Y

S 3

e (it for Windows: vs code has Git version control build in, but you need to install the Git app
itself

o Once you have Git set up a good extension to add to vs code is Git History. To see it inside
vs code click on the Extensions button on the far left side of vs code window and enter
Git History in the search field.
® More...?
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