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2EMHFWLYH �

,QVWDOO�DQ�HQYLURQPHQW�IRU�EXLOGLQJ�QDWLYH�SURJUDPV�WKDW�XVH�WKH�*&&�FRPSLOHUV��VXFK� g++ �IRU�&���
SURJUDPV�DQG�WKH� gdb �GHEXJJHU��6HFRQGO\��\RX�LQVWDOO�D�SRSXODU�\HW�VLPSOH�FRGH�HGLWRU���IRU�ZULWLQJ��
GHEXJJLQJ��DQG�UXQQLQJ�\RXU�FRGH��)RU�*&&�WKHUH�DUH�PXOWLSOH�RSWLRQV�WR�FKRRVH�IURP��EXW�IRU�
:LQGRZV�RQH�VXFK�HQYLURQPHQW�LV�06<6���KWWSV���ZZZ�PV\V��RUJ���ZLWK�0LQJZ�Z����KWWSV���ZZZ�PL
QJZ�Z���RUJ���$�FURVV�SODWIRUP�,'(�WKDW�ZRUNV�ZHOO�XQGHU�PDF26��/LQX[��DQG�FOHDUO\�:LQGRZV��LV�
0LFURVRIW
V�YV�FRGH�FRQILJXUHG�IRU�FRGH�GHYHORSPHQW�0LQJZ�Z����KWWSV���FRGH�YLVXDOVWXGLR�FRP�GRFV
�FSS�FRQILJ�PLQJZ��

:LWK�DOO�RI�WKH�DERYH�LQ�SODFH�\RX�KDYH�D�FRPIRUWDEOH�HQYLURQPHQW�WR�GHYHORS�DQG�EHQFKPDUN�'63�
FRGH�XVLQJ�&����7KH�FRGH�H[HFXWDEOH�FDQ�EH�IHG�ELQDU\�ILOH�WHVW�YHFWRUV�IURP�-XS\WHU�/DE�QRWHERRNV�
DQG�LQ�WXUQ�RXWSXW�WHVW�YHFWRUV�IURP�WKH�&���FRGH�FDQ�EH�IXUWKHU�DQDO\]HG�DQG�GLVSOD\�UHVXOWV�LQ�WKH�
VDPH�-XS\WHU�/DE�QRWHERRN��1RWH�-XOLD�ZLWK�WKH�3OXWR�QRWHERRN�FDQ�VHUYH�WKH�VDPH�SXUSRVH���

)URP�WKH�:HE�/LQN�IRU�06<6��5HDG� �
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)URP�WKH�:HE�/LQN�IRU�0LQJZ�Z���5HDG� �
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)URP�WKH�:HE�/LQN�IRU�YV�FRGH�5HDG� �

,QVWDOOLQJ�06<6��DQG�0LQJZ�Z���XQGHU�06<6� �

7KH�VWHSV�WR�WDNH�KHUH�FDQ�EH�IRXQG�LQ�WKH�06<6��ZHE�OLQN��,Q�SDUWLFXODU�WKLV�SDJH�SURYLGHV�QLQH�WRWDO�
VWHSV��ZLWK�ODVW�WZR�EHLQJ�FRPPHQW�VWHSV��WR�JHW�06<6��DQG�0LQJZ�Z���VHWXS�RQ�\RXU�V\VWHP�

6WHSV�����EULQJ�\RX�IURP�GRZQORDG�WR�IXOO�LQVWDOODWLRQ�IRU�RXU�SXUSRVHV��,Q�6WHS���EH�VXUH�WR��WLFN�
WKH�FKHFN�ER[�WR�LQVXUH�WKDW�WKH�VKHOO�WHUPLQDO�IRU�06<6��ZLOO�ODXQFK�ZKHQ�FRPSOHWLQJ�WKH�VWHS�

,Q�6WHS���\RX�XSGDWH�WKH�SDFNDJH�GDWDEDVH�DQG�WKH�EDVH�SDFNDJHV�XVLQJ� $ pacman -Syu �LQ�
WKH��06<6��06<6��VKHOO�

,Q�6WHS���\RX�DJDLQ�XVH��06<6��06<6���ZKLFK�FDQ�EH�ODXQFKHG�IURP�WKH�PDURRQ�LFRQ�LQ�WKH�
VWDUW�PHQX�

7KLV�WLPH�\RX�XSGDWH�WKH�EDVH�SDFNDJHV�XVLQJ� $ pacman -Su ��1RWH�DOO�PDLQWHQDQFH�ZLWK�
06<6��LV�GRQH�XVLQJ�WKLV�VKHOO
)LQDOO\�LQ�6WHS���\RX�DJDLQ�XVLQJ�WKH��06<6��06<6��VKHOO�WR�LQVWDOO�*&&�XVLQJ�YLD�WKH�
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FRPPDQG�OLQH� $ pacman -S --needed base-devel mingw-w64-x86_64-toolchain ��1HZ�
,FRQV�QRZ�DSSHDU�RQ�WKH�6WDUW�PHQX�XQGHU� MSYS2 64bit

7KH�EOXH� MSYS2 MinGW 64-bit �LFRQ�ODXQFKHV�D�VKHOO�WHUPLQDO�WKDW�\RX�FDQ�EXLOG�DQG�UXQ�
*&&�FRGH��7KLV�VKHOO�DQG�D�WH[W�HGLWRU��SHUKDSV�QRWHSDG����ZLWK�/DQJXDJH�VHW�WR�&����ZRXOG�
EH�D�PLQLPDOLVW�LQVWDOO�IRU�3UREOHP����H�J��EHORZ�,�UXQ�WKH�VDPSOH�FRGH�DIWHU�QDYLJDWLQJ�WR�WKH�
IROGHU�ZKHUH�P\� FFT_filtering �SURMHFW�LV�ORFDWHG�� make �FDQ�EH�UXQ�IURP�WKLV�VKHOO�DV�ZHOO��
P\�SUHIHUHQFH�LV�WR�SUHVV�RQ�WR�LQVWDOO� vs code

,QVWDOOLQJ� vs code �DQG�,QWHJUDWLQJ�3RZHUVKHOO �

7R�PDNH�\RX�HQYLURQPHQW�PRUH�FRPIRUWDEOH�LQVWDOO�YV�FRGH�XVLQJ�WKH�IRXU�VWHSV�3UHUHTXLVLWHV�LQ� vs 
code with mingw ��7KHUH�LV�QR�QHHG�WR�JR�WKURXJK�WKH�VWHSV�XQGHU�&UHDWH�+HOOR�:RUOG�XQOHVV�FKRRVH��
8QGHU�6WHS���WKHUH�DUH�ILYH�LQQHU�VWHSV�ZKLFK�LQYROYH�VHWWLQJ�(QYLURQPHQW�9DULDEOHV��8OWLPDWHO\�\RX�ZLOO�
EH�DGGLQJ�WKHVH�SDWKV�

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

1
2
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6HWWLQJ�(QYLURQPHQW�9DULDEOHV�IURP�6FUDWFK �

,I�\RX�DUH�QHZ�WR�VHWWLQJ�HQYLURQPHQW�YDULDEOHV�LQ�:LQGRZV��,�DP�SURYLGLQJ�KHUH�VRPH�VFUHHQVKRWV�WR�
JXLGH�\RX�WKURXJK�WKH�SURFHVV�

��� ,Q�WKH�VHDUFK�ILHOG�RI�WKH�ORZHU�OHIW�WDVN�EDU�W\SH�VRPHWKLQJ�OLNH� edit the system environment 
variables ��WKLV�VKRXOG�JLYH�WKH�RSWLRQ�VHHQ�DW�WKH�WRS�RI�WKH�VFUHHQVKRW�EHORZ�

��� &KRRVH�WKH�WRS�RSWLRQ�DQG�\RX�ZLOO�EH�EURXJKW�WR�
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��� 1H[W�FOLFN�WKH� Environment Variables �EXWWRQ�LQ�WKH�ORZHU�OHIW�DQG�\RX�ZLOO�EH�EURXJKW�WR
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��� ,Q�WKH�XSSHU�ILHOG�FKRRVH� Path ��WKLV�LV�VHOHFWHG�LQ�WKH�DERYH�VFUHHQVKRW���WKHQ�FOLFN�EXWWRQ�
Edit... �MXVW�EHORZ��DV�LQ�HGLW�SDWKV�

��� $W�WKLV�SRLQW�\RX�DGG�WKH� New �SDWKV�VKRZQ�DW�WKH�ERWWRP�RI�WKH�OLVW��WKLV�DVVXPHV�\RX�LQVWDOOHG�
06<6��LQ�WKH�GHIDXOW�IROGHU� C:\msys64 ���2.�RXW�RI�DOO�RI�WKH�HQYLURQPHQW�YDULDEOH�UHODWHG�RSHQ�
ZLQGRZV

��� 1RZ�\RX�FDQ�PRYH�RQ�WR�WHVW�WKDW�WKH�SDWKV�ZRUN�LQ� Powershell ��ZKLFK�LV�DOVR�GHVFULEHG�LQ�WKH�
OLQN� vs code with mingw �XQGHU�WKH�VXEVHFWLRQ�&KHFN�\RX�0LQ*:�,QVWDOODWLRQ�

%XLOGLQJ��FRPSLOH�OLQN���5XQ��DQG�'HEXJJLQJ �
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7KH�ILQDO�WZR�VWHSV�DUH�WKH�EXLOG�SURFHVV�DQG�FRQILJXULQJ�WKH� vs code �GHEXJJHU�

%XLOGLQJ�DQG�5XQQLQJ�&RGH �

6LQFH�WKH�SURMHFW�FRQWDLQV�D� Makefile �WKH�EXLOGLQJ�VWHS�LV�HDV\��,QVLGH� vs code �\RX�FDQ�VWDUW�D�
3RZHUVKHOO�VHVVLRQ�XVLQJ�WKH�7HUPLQDO�DSS��7KLV�LV�VKRZQ�LQ�WKH�DERYH�VFUHHQVKRW��1RWH�WKH�7HUPLQDO�
DSS�QRUPDOO\�VLWV�DW�WKH�ERWWRP�ULJKW�RI�WKH� vs code �ZLQGRZ��,W�PD\�EH�KLGGHQ��EXW�FDQ�EH�EURXJKW�XS�
XVLQJ�WKH��NH\�VHTXHQFH� ctrl-back tic ��WKH�XSSHU�OHIW�NH\ERDUG�WLF�WKDW�VKDUHV�WKH�a�NH\��

7R�EXLOG�\RX�SURMHFW�PDNH�VXUH�WKH�WHUPLQDO�LV�LQ�WKH�WRS�OHYHO�IROGHU�RI�WKH�SURMHFW��ZKHUH� Makefile �
UHVLGHV��WKHQ�W\SH� make �DW�WKH�WHUPLQDO�FRPPDQG�SURPSW��7KH�FRGH�IHQFH�EHORZ�LV�D�FRS\�WDNHQ�IURP�
WKH�3RZHUVKHOO�WHUPLQDO�LQ� vs code ��+HUH�,�UDQ� make �IROORZHG�E\�FRGH�H[HFXWLRQ�XVLQJ�
./bin/main �

&RQILJXUH�WKH��YV�FRGHC�'HEXJJHU �

7KH�EHORZ�LV�D� launch.json �ILOH�WKDW�VHWV�XS�WKH�&���GHEXJJHU�RQ�P\�;36���WDEOHW��,�ZLOO�GHPR�WKH�
UHPDLQLQJ�GHWDLOV�RI�WKLV�LQ�FODVV�

(base) PS C:\Users\mwickert\Documents\Projects\cpp_proj\FFT_filtering> make     
 
g++ -std=c++17 -ggdb -Iinclude src/fft.cpp src/fir_float32.cpp 
src/IQfile_IO.cpp src/main.cpp -o bin/main 
(base) PS C:\Users\mwickert\Documents\Projects\cpp_proj\FFT_filtering> 
./bin/main
        x1         X1=fft(x1)        ifft(fft(x1))   
(+1.0000,+0.0000) (+2.0000,+0.0000) (+1.0000,+0.0000)
(+0.0000,+0.0000) (+0.2929,-0.7071) (+0.0000,-0.0000)
(+0.0000,+0.0000) (+1.0000,+1.0000) (+0.0000,+0.0000)
(+1.0000,+0.0000) (+1.7071,-0.7071) (+1.0000,+0.0000)
(+0.0000,+0.0000) (+0.0000,+0.0000) (+0.0000,+0.0000)
(+0.0000,+0.0000) (+1.7071,+0.7071) (-0.0000,+0.0000)
(+0.0000,+0.0000) (+1.0000,-1.0000) (+0.0000,+0.0000)
(+0.0000,+0.0000) (+0.2929,+0.7071) (+0.0000,+0.0000)

////////////////////////////////////////////////////
FIR (time domain) Calculation time = +1660us
Done!
(base) PS C:\Users\mwickert\Documents\Projects\cpp_proj\FFT_filtering> 

1

2

3

4
5
6
7
8
9

10
11
12
13
14
15
16
17

{
  // Use IntelliSense to learn about possible attributes.
  // Hover to view descriptions of existing attributes.

1
2
3
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:KHQ�WKH� launch.json �ILOH�LV�LQ�SODFH�DQG�FRQILJXUHG�SURSHUO\�DSSHDUV�DV�VKRZQ�EHORZ�ZKHQ�D�EUHDN�
SRLQW�LV�VHW�RQ� FIR1.lfilter() �

  // For more information, visit: https://go.microsoft.com/fwlink/?
linkid=830387
  "version": "0.2.0",
  "configurations": [
    {
      "name": "Python: Current File",
      "type": "python",
      "request": "launch",
      "program": "${file}",
      "console": "integratedTerminal"
    },
    {
      "name": "g++.exe - Build and debug active file",
      "type": "cppdbg",
      "request": "launch",
      "program": "${workspaceFolder}\\FFT_filtering\\bin\\main.exe",
      "args": [],
      "stopAtEntry": false,
      "cwd": "${workspaceFolder}\\FFT_filtering",
      "environment": [],
      "externalConsole": false,
      "MIMode": "gdb",
      "miDebuggerPath": "C:\\msys64\\mingw64\\bin\\gdb.exe",
      "setupCommands": [
        {
          "description": "Enable pretty-printing for gdb",
          "text": "-enable-pretty-printing",
          "ignoreFailures": true
        }
      ],
    }
  ]
}

4

5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
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7KH�'(%8*�&2162/(�OHWV�\RX�YLHZ�WKH�FRQWHQWV�RI�YDULDEOHV�DQG�DUUD\V�DQG�KRYHULQJ�RYHU�D�
YDULDEOH�LQ�WKH�FRGH�ZLQGRZ�OHWV�\RX�VHH�WKH�YDULDEOH�LPPHGLDWHO\

2SWLRQV" �

6HW�XS�PRUH� vs code �H[WHQVLRQV�

3\WKRQ�DQG�3\WKRQ�WXWRULDO
-XS\WHU�QRWHERRNV�LQ� vs code ��7KH�-XS\WHU�WDE�DGMDFHQW�WR�7HUPLQDO�WKDW�GLVSOD\�LQ�WKH�ORZHU�
SDQH�VKRZV�WKH�EHORZ�IRU�WKH� FFT_filter_sample.ipynb �ZKHQ�ORDGHG�LQ� vs code �XVLQJ�
WKH�QRWHERRN�H[WHQVLRQ�
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*LW�IRU�:LQGRZV�� vs code �KDV�*LW�YHUVLRQ�FRQWURO�EXLOG�LQ��EXW�\RX�QHHG�WR�LQVWDOO�WKH�*LW�DSS�
LWVHOI

2QFH�\RX�KDYH�*LW�VHW�XS�D�JRRG�H[WHQVLRQ�WR�DGG�WR� vs code �LV�*LW�+LVWRU\��7R�VHH�LW�LQVLGH�
vs code �FOLFN�RQ�WKH�([WHQVLRQV�EXWWRQ�RQ�WKH�IDU�OHIW�VLGH�RI�YV�FRGH�ZLQGRZ�DQG�HQWHU�
Git History �LQ�WKH�VHDUFK�ILHOG�

0RUH���"

�
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