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MPLAB XC16 Compiler Version 1.35 (Free License %{# )
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MPLAB Code Configurator

MPLAB Code Configurator (LA F MCC &B&9) ik, MPLAB X @ Plug-in M T, 1~ A h—JLIE, MPLAB
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-1.[Tools|->TPlugins] ##iR§ %,
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File Edit View MNavigate Source Refactor Preduction Debug Team |Tools| Window Help
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Plugins Download

Options
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1] Plugins
Updates | Availsble Plugins (38) | Downloaded | Installed (78) | Settines
Check for Hewsst Search:
Install  Name Category Source MPLAB® Gode Configurator
[ Power Monitor MPLAB Flugin (7T
[ RTOS Viewer (FreeRTOS) MPLAB Plugin b7l @ Community Contributed Plugin
[]  ECAN Bit Rate Galculator MPLAB Plugin (7.7l
[ PCLint MPLAE Flugin P Version: 366
] DMCl MPLAE Plugin L] Author: Microchip Technology e
O] Halt Hotifier (Trial MPLAE Fi i) Date: 18/10/17
| ot HEn Source: Microchip Plugins
[ Remote USE Debueeing (Trial V.. MFLAE Plugin [r.) Homepage: http:/ /v micrachip com/mee
[]  Phgin Update Services MPLAB Plugin [
[] USB Tool Gornection Disenostics MPLAB Plugin [mm] . .
Pl D t
[]  Doxeen Inteeratar MPLAB Plugin [ uein Description
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cade that’s inserted inta your praject. It enables, configures and utilizes a rich set
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[]  Code FPrafiling (Trial Version) MPLAB Flugin (7.7l

(] dsPIWorks MPLAE Plugin 77l System requirements

[] Save As véxx Praject MPLAE Flugin & @ MPLAE % v5.10

[l  Dieital Gompensator Desien Toal.. MFLAE Plugin i

[ MPLAB® Harmony Gonfigurator  MPLAB Plugin [

L] Simple Serial Port Terminal MPLAB Plugin i Visit the MCC webrite for user's guides and release notes containing the lists of

[] SEGGER JLink Probe MPLAE Plugin [n.m] + || supported devices
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http://www.s-itoc.jp/activity/research/mrubyc/mrubyc_download/
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http://www.s-itoc.jp/activity/research/mrubyc/mrubyc_tutorial/

4.1 PIC24F I|EAD mruby/c 1 VR—k

4.1 itoc Fa—~)7JLTChapterO1TLED si# | % PIC24F DIRIETEIN T
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http://www.s-itoc.jp/activity/research/mrubyc/mrubyc_tutorial/735
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[File] -> INew Project] ZZ#IRL. FiR 7OV TV MNaERK T 5,
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File | Edit View Navigate Source Refactor Pro
EI MNew Project...
1 New File...

Open Project...

Open Recent Project
Import

Close Project

Close Other Projects
Close All Projects
Open File...

Open Recent File

Project Groups...
Project Properties
Save

Save As

Save All

Page Setup...
Prink...
Print to HTML.

Exit

Clrl+Shift+N
Cerl+N

Ctrl+shift+0 L
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2.TNew Project] 3% EBEIE N HBD T,

[Microchip Embedded ] @
[Standalone Project] %5&iR L.
[Next| RV %Y,

3.INew Project] s2 EBEE A H 5D T,
Family #8(Z116-bit MCUs (PIC24) 1.
Device ##ICTPIC24FJ256GB210 ]
HRAIE [Next] RY V&Y,

4. EXAHY—ILDEREBEEICRBDT,

[Microchip Starter Kits]
%8I INext] ROV %37,

1]

Steps

New Project

Choose Project

1. Choose Project
L ¥

Q, Filter

Categories:

e Microchip Embedded
L Other Embedded

) Samples

Frojects
= one Project
(& Existing MPLAB IDE v8 Project

D Usger Makefile Project

& Library Project

[ Import START MPLAB project
G Import Atmel Studio Project

(& Prebuilt {Hex, Loadable Imaze) Project

Deccription:

project.

Creates a new standalone application project. It uses an IDE-generated makefile to build your

< Back. Next > Einigh Cancel Help
W, > Vi
4.1.2-1 7OV MERKR
[x] New Project
Steps Select Device
1. Choose Project
2. Select Device
3. Select Header Family: All Families v
4 Select Tool
5. Select Plugin Board
6. Select Compiler Device: FIG24F J256GB210 "
7. Select Project Name and
Folder
< Back Einish Gancel Help
o N
3 > 5
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| ] New Project
Steps Select Tool
1. Chooze Project
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=00ISD 4
o0 PIGKIt 4
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0 Simulator
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New Project
IXC16 (V_I 35) Steps Select Gompiler
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6. Select Compiler s
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Folder [

L 0 G30 (v3_31) [C¥USER¥BINYMicrochip¥mplabe 30%y 3.3 1¥bin]
+-HI-TECGH DSFISC

e i E R¥EBINE Mi ip¥c | % in]
L0 WG 16 (v1.25) [C¥USER¥BINgMicrochip¥xe 164y 1.25%bin]

< Back Mext > Finish Cancel Help
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Steps Select Project Name and Folder
= P s - -
R 3
{i/ﬁxo)j I:I/IO I\% (g_g_ Z“i\ rmrubyc Ied1 J) 1. Ghoose Project
_ 2 Select Device
Projast Name: mrubys_led 1|
8 Select Header
4 Select Tool
% ljj L |‘F ish _j_\‘ &\ % 5 Select Piuein Board Project Lacation: GANO RK¥PICH mrutys Browss
181 _] INY o 6 Select Compiler
7. Select Project Name Projest Folder: GO RK¥PICH mrubyc¥mrubys._led 13X
and Folder
Overunite existing project
Blso delete sources
[¥] Set &= main project
[] Use project location as the project folder

Encoding UTF-8
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» Open Sample
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MCC @jyj’ro“'/_yax/jj,,r}l/%@ Save MCC Configuration File = |

1 i » BC » Windows (€:) » WORK » PIC » mrubyc + mrubyc_Led2.X » v & | | mmubyc Led2 xpmE »
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s Windows (C:)
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FrUA(N): | MyConfig.me3 v
Tr47DRER(T): | MCC Configuration Files (*.mc3) v

el
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Device Resources D— &1, (2 EIHEBIR DB FRED XA 1, Er?#’f‘/@ﬂﬁﬁa—?i‘héo
MPLAB X IDE v5.054fmrubyc_Led1_210 : default - 3 IEH

J
P-ER-QM- e

X E) @ detaut .@:.

© O & &
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EL Hz [ FRC Oscillator [ -] ®ommz) Souree
FRC Postscaler i
amrz| [12 [ -] rostscater
. » [] P Enabie ‘ s
|3 £ :
| 4mez Fosc T
6G8210 Product Page . :
\ 2MHz Fosc/2 o g
f— sfll1: LTws o e
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e 1 sl oo
w1 s
Clock Qutput Pin Configuration | 0SCO/CLKO/RC15 functions as CLKO Fogflf2) | - | sl 20 sl
parator e
Interrugt Use Secondary Oscillator (31-33)kHz

mirubyc_Ledt_210-Dashboard | Navigator | Versions [MCC] X | = le Clock Switching
Versions [Jen jl-safe Monitor U
» MPLAB® Code Configurator (Plugin) v3.65.1 A
 Libraries ~ 1CD 1! .

v Microchip Technology. Inc Output_| Nofifications (MCC] | Pin - Grid View X
v Microcontrollers and Peripherals =
Package: | TQFP100 | ~ pinNo: [1738]s 128123 22| 21] 201201 9 A
» 8-bit AVR MCUS (v1.00)
» AVR-I0T WG Sensor Node Pota ¥ Porte ¥
» MCPLOX (v1.1) Module Direction |01 [2[3[4a]5]6[7[9]10]1a[15[0[1]2]3]4]5]6][7][8]s][r0[n]12]13]1a]ss[1]2[3]4[12]13]14 2(3[4]5]s
» PIC10 /PIC12 / PIC16 / PIC18 MCUS (v1.75) L input S
» PIC24 / 0SPIC33 / PIC3ZMM MCUS (v1.75) Lo output a
» PIC32MX MCUs (v1.35) o5l input ™
- Clock ¥
Software osco output
» 8-bit Bootloader Library (v2.2.31)
s0sCl input
» 473004 12C EERAM
» CoaP Library N EDED) G
» Dac Library input B
» Foundation Services Library (v0.1.27) B B
» I2CEEPROM CRCRCRCR RC RGN RGN
. Fin Module ¥
» LN Library (v2.3) i f 8 8|5 Bhb B D e e
» LORAWAN Library. Jl

4.1.7-3 MCC XA VHH

BALEDFVTDRIOWVWTE. EVDIREDORTRETOTLND,



SMCC 0)3”/747[/—“/3“/%559"‘3'6 iject Resources Generate | Import... | Export

* System

EQEIEE ?ROD*#—C rSYStem MOdUIeJ %giRj_é Interrupt Module
[System Modulell&. 70v EDEREATOBEE SRS, Zi:s:;d:,:zdule
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System Module IZ2W T, ICD(In Curcuit Debugger) DR EAZE T DL EED L TRIERL,

EXPLORER 16/32 & MA240021 DA &EHE T, ICD &, TPGEC2/PGED2 | IC#E#mIN 2D T, D&
DUTERET .

System Module

5% Easy Setup | = Registers
hd . FRC Postscaler

4 MHz - Postscaler

| » [] PLL Enable

4 MHz Fosc
2 MHz Fosc/2
USE Clock

Clock Qutput Fin Configuration | 0SCO/CLKO/RC15 functions as CLKO (FOSC/2) | = ‘

I:‘ Use Secondary Oscillator (31 -33) kHz

I:‘ Enable Clock Switching
[_] enabie Fail-Safe Monitor

¥ ICD
Emulator Pin Flacer€nt Emulator functions are shared with PGEC2 /PGED2 | - ,

¥ Watchdog
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EVT7H AV EBE CHEARESFRAITIEVAEXEL,. [Pin Module | 53 EBEE CaEfMll A% ET %,
TS LB THNY B NEDICTCustom Namel ZERELTELERLY,

Output | Hotifications [MCC] | Pin Grid View X | =
Package. ‘TQFPIUU |'| ‘ Pin No: 17|33|58|59‘50‘51|91|92|28‘29‘ﬁ6|57 25|24‘23‘22|21|20|26‘27‘32‘33|34|35‘41‘42‘43|44 5‘7‘8‘9|53|73‘74‘54 72|76|77|78‘81‘BZ|83:
PortAY PortB Y PortC ¥
Maodule Function Direction 0|1|2|3/4|5|6|7|9(10(14|15|/0|1 2 (3|4|5|6 |7 |8 |9|10|11/12(13/14|15|1 (2 (3 |4 |12|13/14(15/0|1|2|3 (4|5 |6
(el input B
CLKO output a8
Clock ¥ 0sCl input B
05CO output
S0SCI input B
505C0 output B
o PGCx input B Tl A
PGDx input (] i1 ]
Pin Module ¥ 1= input B'BEE s sB|éE s EEEEEEEEEEEEEEEEEEEEE BB E CRCHCEL: a
0 ouws @888 & & A || b h s s s s ' kb h s s b b s s bbb s
<0 ] >
2 4192 EVTHA VR EEE
Pin Module IE)

J ¢4 Easy Setup || =] Registers

Selected Package : TQFP100

PinName 4| Module Function | Custom Name | Start High Analog Output WPU WPD oD ioc |
RAO Pin Module  |GPIO O.LED2 O O ] W e | -
RAL Pin Module  |GFIO 0.LED4 ] O | m [ none | ~ |
RA2 Pin Module  |GPIO 0.LEDS O H O O
RA3 Pin Module  |GPIO 0_LEDG ] ] L] L]
RA4 Pin Module  |GPIO O.LED7 O O J |
RAS Pin Module  |GPIO O_LEDS ] ] L] L]
RAG Pin Module  |GPIO 0.LEDO O 0O O O ]
RA7 Pin Module  |GPIO 10_55_LED10 ] ] ] ] L] L]
RB6 Ico PGECZ O O ] O J ]
RE7 ICD PGED2 ] ] ] ] L] ]
RD6 Pin Module  |GPIO (53 I O ] C] C] ] ] none | ~
RD7 Pin Module  |GPIO 156 ] ] ] ] L] L]
RD13 Pin Module  |GPIO Lsa O O | | m [ none | ~ |

4.1.9-3Pin Module 3% EEHE

1OMCC @EQE"&‘/-ZLCEE%T%o Project Resources‘- Generate b’nport... | Export
[Generate | ’R¥ % L. MCC DR E%ZY—RICEERT %, 4 Sv,:f::mm Module

MCC TERAT > BTk, CORIEETDRNE, Y— RIS i eae
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‘mruby/c V—2XA—RERBHL.src 74T —RHNDLT7(IV% src TAIY—TETAVTINTAILT —
(JEB 6 CTRELLIZFILYA) ICOE—T 3,

-src 74— D hal_psoc5lp 74V —% hal ICY)R—LT 3,
-src 74)LF —MAD hal_posix, hal_esp32 749 —%HEET 5,
‘Tmrubyc_Led1 ] DA BRIETOY TV MRICY —R 5 FE$RT 5,
TRFIET.V—REEEHT 5,

7Oz M) —%KRL. [Header Files] DIBEET. A7)y 7L. AV TFAMA=2—T, [Add Existing
Items From Folders] %3&.3,

rojects X JFiles |Ser|.rices |Classes |
;; - ;Eyt:_Ledl

% Header File
: New '
ﬁ Important F

B[S Linker Files New Logical Folder
% Source File Add Existing Item...

w6 Libraries Add Existing Items from Folders...
BB Loadables Find

Cut
Copy
Paste Ctrl+V

Remowe From Project

Rename...

Properties

4.1.11-1 mrubyle~y ¥ 774 JL Bk
TEEDTAdd Files] DF 14707 M HBD T, TAdd Folder| Ry &,

] Add Files

ecify the folders that contain the source files for the project
Source File Folder Files of Type ‘ A Folder

Tenored Folders Pattern:

Default
(See alsa IDE level file filtsr in Options=>Mlisce lansous=>Files)

Source files fram specified folders will be added 1o the project.

Add Gangel

4.1.11-2 mruby/c~\y & 771 )L & 5%k

T2 Dl Select Source File Folderl DA 17O HNHEZD T, 771 ILDH 1T % [Header Files] IZL7=1&IC
mruby/c D src 74V —%3EIRL. [Select] Ry V&7,

] Select Source File Folder

IO | L by v 2

=i
BRI e senerated files
by led] X
E Lect2

FAIT

B-E-E-8-8g
3

F
b

LY

FC
o,
‘.I; SrANEL
FulI-D
FRANDIATIC ieader Files (H SUNWOGh h hep hxc tee inc ING)

4.1.11-3 mruby/c~\v & 771 )L &%

Select




TEED A Files] DY A7 OJICRZD T, TAdd I RY VAR ILAYY I71 I % B3 T B,

= Add Files
ecify the folders that contain the source files for the project:
Source File Folder Files of Type Add Folder
src Header Files (H SUNWGOh h hpp hicx fee ine INC) Remave

Ienored Folders Pattern:
Default
(See also IDE level file filter in Options—>Miscellansous—>Files)

Source files from specified folders will be added 1o the project

-

4.1.11-4 mruby/c~\y ¥ 7714 )L &%
RIS —RI7AINEESRT B, NI 771V ORFEEKICTOY I MY —%FKRL. [Source Files] DIE
BT.A7YvyoL. AV TFAMAZa2—"T, [Add Existing Items From Folders] %33\,
[Add Files| %1707 HHZDT, [Add Folder ] K9 %49,

T2 Dl Select Source File Folderl DA 17O HNHEZD T, 771ILDH 1T % C Source Files]IZL71%
I mruby/c @ src 74U —%3ZIRL. [Select] Ry V&,

1] Select Source File Folder [ x|
o I3 LB by vl F =
e
BRI | moc generated files
B | mrubye_led 13
. mrubye_Led23
& || build
FADbT debue
dist
| moc_generated files
E | nbproject
fexa b "
PG
pe
‘.‘4 F70 LN C¥0 RK¥PICE mrubyc¥mrubye_Led 23¥src Select

EETL R o, . nH

4.1.11-5 mruby/cY/— R 771 )L B &

TEED A Files] DA 7OV ICRZDT, [Add I RY VAR LAYY I71 ) % B85 T D,

] Add Files
Specity the folders that contain the source files for the project
Saurce File Folder Files of Type ¢ Add Folder..
sre G Source Files (e i m) Femove
fenared Falders Pattern
Defaylt

(See also IDE level file filter in Options=>Miscellaneous->Files]

Source files from specified folders will be added to the project.

Gancel
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12.7709 /8 OnRF1DEE
7OV NTONRTADEREERET D RERNT—EIL TR THS,

R4112-1 7OV NTONTADEE

BEL 1 EEBH2 ATEE S

XC16 Most Useful Options C include dirs src,src¥hal

XC16 Most Useful Options Define common macros MRBC_NO_TIMER

xc16-Id General Heap size 1024

xc16-Id General Min stack size 1024

7OV IMN)—DI—TaYIINEDOMTEY )y L, AV DT ONT 1 %EIRT B,

1<}

Eile Edit View Navigate Source Refactor Production Debug Team

?_'I E E & L?j r default

Projects X | Services |C\asses |FHes | = |'E
EY-] =l
=3 E Header Fil New 4
[ woo ¢

563 s Add Existing Ttem...

& i Add Existing Items from Folders...
Sy New Logical Folder

& ch Locate Headers

T er Add Item to Impertant Files...

% z': Export Hex
% cf Build

m z; Clean and Build
I e Clean

- gl Batch Build...

(@ hal Package

. Set Cenfiguration v
. o
) Jod -
% ™ Debug
-8 opf
Step into
mrubyc_Led2_210 - |
22 [Tg mrubye_Led2] Make and Program Device ”:
- | =78 Project T "
) - Device Set as Main Project 5]
= G PIGD Open Required Projects 4
et 4 Chec Close
@ T Compiler
- ; H HG18 Rename...
Sl Produ
Move...
[ Memory
Copy...
Delete Delete
Code Assistance D
Find...
44 Debug Te Versioning 3
L) Starte .
Histol r
=-30% Debue Re i
<
L Properties

4.1.12-1 APV NTONRTADEE
[Project Propeties|¥ 4707 W R DT, ERAVTIERESZAN]%:ER (ZITIETXC161) L.ARIVD

[Option categories| CIEREIHAT2 | &1FIR (ZZTld, [Most Useful Options]) %2, IR EBH I DA
BIOWWAEV) YIS BEHFEANCINSA—F AANDHES,
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1] Project Properties - mrubyc_Led1

Categories:

Options for xc 16-geo (v1.35)

; % Option categories: | Most Liseful Options v Reset
=4F Gonf: [default]
% Starter Kit (PKOB) pimization level ] v
@ Loading ommon include dirs
i @ Libraries
A include dirs srosro#hal
- @ Building
& o ode mods| [defauli] v
I+ @ MG16 (Global Optigs) Data model [default] v
[ -
xolb-as alate each function in a section 0
@ xclbgcc
o yeli-ld Remave unused sections O
@ xelfar Heap size 024
Define common macros MREC_NO_TIMER
Define G macros

Option Description | Generated Gommand Line

¥ you select an aption its deseription will appear here

Manage Gonfigurations

Cancel Apply Unlock Help

41.12-2 7OV N TONTADETE

BHOEEA ANTIBAATIE. FiEE2DY 17O D RLDT. ZRhETNAADLTWVL,
(F&EiE. TCinclude dirs1 &9 )y o LI=BBDOF A7 AT DT TnEhnlsrclT4L oK) EThallFa4L ok
) %5859 3)

|} Common include dirs
Destroy Diowun Lp Browse...
Relati th f
k lative paths are Trom OK Oance|

MPLAB ¥ proiect director

i

41.12-3 70N SONTFADEE

[Define common macros] DFFTlE, FE2DF A7 AT B REALDT. ZNETN AL TV,

1] Define common macros

Destroy Diowun Up

MREC_NO_TIMER

OF Cancel
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13.mruby/c 7OV S LDER KRV /(I
mruby/c 7AY S LDER KOV IRV EITD,
UTFo7as5 L% samplel.rbl ELTIRET %,

led = 0
while true
if led ==
led = 0
else
led = 1
end

if swl_read() ==
led = 1
end

led1_write( led )
sleep 1
end

DTS L%ETEOBYAVNIILE B, HFEsamplel.cl%, Imrubyc_Led11D 7O IR I4ILY
_‘:Ealﬁj-éo

mrbc. exe -E -Bsamplel samplel.rb

RIS —RIT7AINEEFEERT B, AV 771 ILDERFEAFICTOY UMY —%FK L. [Source Files] DIF
BT.G82Yvy7L.AVTF AN =21—T, TAdd Existing Item ] %FE 3,

[Select ltem | DY AT7OATHNHEZDT, lsamplel.cl %R, [Select] Ry V&L E KT D,

Projects X ‘ Files |C\asses | Resource Management [ | -
=& mrubye_Led1 210
—E Headet Files
+ﬁ MCG Generated Files
i ﬁ src
ﬁ Important Files
-- Linker Files

New 4
-
_E New Logical Folder
: Add Existing [tem...
Add Existing [tems from Folders...

Find...
H Cut
+ﬁ Copy
= Paste Ctrl+Vv
& L Remove From Project
Rename...
Properties L
— ETCr—mrvs |

4.1.13-1V—RT771ILDEM
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14.Tmain.c] 7Y S LDEERE

MCC IZ&>TImain.cI A" BEIERINTWAD T, R—REIHEIL—F > & mruby/c EEIL—F > Al
AL,

*main.c

#include “mcc_generated_files/system. h”
#include “mcc_generated_files/clock.h”
#include “mcc_generated_files/pin_manager.h”

#define FCY _XTAL_FREQ/2
#include “mrubyc. h”

// extern char samplel[];
extern const uint8_t samplel[];

#define MEMORY_SIZE (1024%20)
static uint8_t memory_pool [MEMORY_SIZE];

/!

/*! F2iR— K SW IRFEIREDFEHAH

*/

static void c_swl_read(mrb_vm *vm, mrb_value *v, int argc) {
int swl = [1_S4 GetValue();
SET_INT_RETURN (sw1) ;

}

/!

/%! 7 > 7R— K LED ON/OFF
*/
static void c_ledl_write(mrb_vm *vm, mrb_value *v, int argc) {
int set_value = GET_INT_ARG(1);
if (set_value == 0)
0_LED3_SetLow() ;
else
0_LED3_SetHigh() ;

//

/*! HAL

*/

int hal_write(int fd, const void *buf, int nbytes) {
return 0;

}
int hal_flush(int fd) {

return 0;

}

14



/%
Main application
*/
int main(void)
{

// initialize the device
SYSTEM Initialize();

mrbc_init (memory_pool, MEMORY_SIZE);

mrbc_define_method (0, mrbc_class_object,
mrbc_define_method (0, mrbc_class_object,

mrbc_create_task (samplel, 0);
mrbc_run () ;

return 1;

15.Thal.h] DIEE

“swl_read”, c_swl_read);
“led1_write”, c_ledl_write);

N—ROIF7 LAY —DI—F > ThH%hal.hl| #EIET S,

#ifdef __cplusplus
extern “C” {
#endif

#include ”../mcc_generated_files/clock. h”
#ifndef FCY

#define FCY
#tendif

_XTAL_FREQ/2

/*xxkk Feature test switches

/Hkkik System headers

#include <xc.hd>
#include <libpic30.h>

/#krrx Local headers

/*xxkk Constant values

/*6x Macros

#ifndef MRBG_NO_TIMER

# define hal_init() ((void)0)
# define hal_enable_irq() ((void)O0)
# define hal_disable_irg() ((void)0)

# define hal_idle_cpu() ((void)0)
#telse // MRBGC_NO_TIMER
# define hal_init() ((void)0)

# define hal_enable_irg() ((void)0)
#tdefine hal_disable_irq() ((void)O0)
#tdefine hal_idle_cpu()

ttendif

((__delay_ms (1)), mrbc_tick())

S~ NN .
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16.Tvm_comfig.h ]| DZEE
PIC (3. little endian M16bit alignment ® CPU 72D T, [ i HEZ8kICTvm_comfig.h | #Z&E 9§ 3,

/* Hardware dependent flags */

/* Endian
Define either MRBC_BIG_ENDIAN or MRBC_LITTLE_ENDIAN
*/
#if !defined (MRBC_BIG_ENDIAN) && !defined (MRBC_LITTLE_ENDIAN)
# define MRBC_LITTLE_ENDIAN
#endif

/* 32bit alignment
[f 32-bit alignment is required, enable the following |ine
*/
#define MRBC_REQUIRE_32BIT_ALIGNMENT

17. Talloc.c] DEHR
lalloc.c] @D mrbc_raw_alloc()] BT, X EVFEFRD FIRIEROHIAHIL—F > E=BFMILT %,

Zhid. mruby/c TRIRALTWAXE) 7O —9DR/NAE) 7O —2av 41X 16byte THY, 32bit LA
LD UTIE FRIEZ TFTRIZENEVNA BEXVARO—RERZDTIAVRITIMEINTWS,

// check minimum alloc size. if need
#if1 // < miE 10 EHTHoI=

if( alloc_size < (1 << MRBG_ALLOC_IGNORE_LSBS) ) {

alloc_size = (1 << MRBGC_ALLOG_IGNORE_LSBS) ;

}
ttelse

assert( alloc_size >= (1 << MRBC_ALLOG_IGNORE_LSBS) );
#tendif

18.9)—>vEIR
[Production]->ICrean and Build Project] #1795,
IS—HhHFICaAV (I HKDEEHRT S,

g
File Edit View Navigate Source Refactor Production Debug Team Tools Window Help
™ [E & % Build Project (mrubyc_Ledi_210) Fi1
Wres - L > L@ Clean and Build Project (mrubyc_Led1_210) Shift+F11
'"'m = Batch Build Project... (mrubyc_Led1_210)
Projects XlFMes ‘Ser\ncas Classes E

Set Project Cenfiguration

=63 mrubye_Led1210
S-[f Header Files
. B {5 MGG Generated Files (& set Configuration Bits
¥l

(6 Important Files

Set Main Project

Check File

@[ Linker Files late File

£ Source Files N P H
B mains Repeat Build/Run Ctrl+F11 [H
. #-f MGG Generated Files Stop Build/Run

- a T T o Tridn 7o A Te T

4.1.19-1 EJLRX=Za2—
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19.FKEANDEZAAKRVELT
EXPLORER16/32 % PC &fF/@® USB 7 —7'JL (USB-A MicroB) TH##: 9 %,

B HE 4.1.20-1 EXPLORER16/32 & PC & D3t

[Debug]->Debug Project] &:&iRJ 3,

File Edit View Navigate Source Refactor Production [Debug| Team Tools Window Help
£ (=] i 4 | [get & Debug Project (mrubyc_Led1_210) §
HS7757 T [ G Discreta Debugger Operation »
Finish Debugger Session shift+Fs
Projects x [Files | Services | Classes
=6 mubye Led1 210 D Pause Cri+Alt+8
(@] Header Files D Continue Fs
(6 mportant Files
@ Lirker Files B Step Over F8
- Source Files 7
@-0F Libraries Ctri+F7 '
& Losdavles 3
F4
fll | Focus Cursor at PC
Stack »
Toggle Line Breakpoint Crl+F8
New Breakpoint... Ctrl+Shift+Fg
& New watch... Ctri+shift+Fo
New Runtime Watch Ctri-+Shift+F10

B

Disconnect from Debug Tool
Run Debugger/Programmer Self Test
[F] Hardware Tool Emargancy Boot Firmwara Recovary

4.1.20-1 EXPLORER16/32 & XA #

EZAHDERDZET/N\YABEERDDT, [Continue | RYVEHTE R—NETTOVZLNEITI

LED D3 A& &I 1 EXITHBT D,

1<}

File Edit View Navigate Source Refactor Production Debug Team Tools Window Help

B X IDE v5.05 - mrubyc_Le

™ 1 = % S et JE B P-R-R-Q0- 00 0 @ i@ ¢ A
Projects X |Files | Services | Classes

& mrubye_Led1_ 210

— || Btart Pags X[ allocs Xl@syslam‘x Emu%x B mainc X |Ehalh x[E
FULLEST EXTENT ALLOWED B OCHIP'S TOTAL LIABILITY ON

ANY Wi RELATED TO THIS SOFTWARE WILL NOT EXCEED THE AMOUNT ©

THAT YOU HA&VE FAID DIRECTLY TO MICROCHIP FOR THIS SOFTWARE.

MICROCHIP PROVIDES THIS SOFTWARE COMDITIOMALLY UPON YOUR ACCE
TERMS.
-

[ #include “pin_nanager.h”
#include “clock.h”
#include “svsten.h”
#include “interrupt_nanager.h”
S Hinclude “traps.h”

void SYSTEM _Initializelvoid)

LN
PIN_MANAGER _Initialize();
CLOGK_Initialize();
INTERRUPT _Initialize();
o
[

4.1.20-2 T/\wHEHE

17
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LED D3 MY & &IC 1 B IICRBT 5.

BH 4.1.20-2 LED &=

BB EHD LED DUE, BRIV T THYRBICRITLTWBEBRN A TWEEERT,

Flo  AAvF S4 T EHLTWSME LED D3 N RITLAFXICRDEZHRT 5,
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4.2 ChapterO2TLED s DR IAZEZ 5| % PIC24F DIRIETEN T

4.1 TERLAETOY I MNER—RITT 5,

1.mruby 2V 7 rDBENIAV /1 ILALIEDEN

AV IVENYFT774)L mrbe.bat & mruby V—XO—R&EW=T1LIN)AOE—T 3,
INYFIT74 ) NTOC HDR—T D mruby AV /(1555 O0—-KT 3,
https://www.s-itoc.jp/activity/research/mrubyc/mrubyc_download/

‘mrbc.bat F1®D set MRBC 1T7% mrbc.exe Dt /R RAICEEZE 2 5,

7AYVIIMN)—DI—MTAYTIRNEDRTHEY) v/ L, AV DT ONT1%EIRT B,

=

File Edit View Navigate Source Refactor Production Debug Team

PRES XhE S detault

) D@0 EIMME Y
Projects X | Services | Classes |Files | —|[se
-] if

(i) Header il MN&W 4
E M2 hdd Existing Ttem..
sre

o Add Existing Items from Folders...

cd Mew Logical Folder

e Locate Headers

e Add Ttem to Important Files...

or

o Export Hex

°3 Build

Clean and Build
Clean

gla Batch Build...
@@ hsl  package

Set Configuration »
ke
loa Run
™ Debug
opt
Step into
mrubyc_Led2 210- |
2 (78 mrubye_Led2] Make and Program Device P
S 73 Project T} ut
(2] @ D Set as Main Project 3
= g PG Open Required Projects »
| # O Cose
@ 7T Comsiter
: ‘% M18 Rename...
- Produ
Move...
& Memory
=+ Data Copy...
Delete Delete
E D:
©-@Progry Code Assistance >
Fr Find...
=% %ehue Te  Versioning »
Starte
Histor 3
f Debug Re 2
<
Properties

4.2.1-1 BEIAV /AL ZRVY T NEN
- TBuilding | #3& 1), [Execute This line before build | ICZF v o %W 1, mrbe.bat] &8T5,

= Project Properties - mrubyc_Led2_210

Gategories:
Gonfieuration type: | applicati.. v

@ General
.o
EA ::"E ]f"c[‘:s':'"/ IE:;GI“S‘”" Pre and post step operations:  Nete: commands are run from the project directory (FrojectDir macro below)
onf: [defau
Lo Starter Kit (PKOB) Execute this line before build
0 Loading mrbebat
o Libreries Macro Valie
g Tnsert Mooro | Pt PICZ4FJ256GB210 ~
B O XC18 ProjectDir "C:\WORK\PIC\mrubyc\mrubyc_Ledz_210.K"
@ XG16 (Global Options) ConfWame  default
2 xclb-as ImagePath “dist\default\s{IMAGE T¥PE]\mrubyc Led2 210.K.$[IMAGE Tl
2 xelbgee < >
o wel-ld [ Execute this line sfter build
- xglfiar
Macro Value
Tnsert Macro | Pagtey PIC24FJ256GB210 ~

ProjectDir "C:\WORK\PTIC\mrubyc\mrubyc_Led2 210.X"

Confllame default

TmagePath "dist\default\s{IMAGE TYPE}\mrubyc Led2_210.X.§[IMAGE_T¥l,
< >

Options affecting hex file
Thsert unprotected checksum in user 10 memory [] Mormalize hex file

Manage Configurations:

Gancel fpply Unlock Help

4.2.1-2 BEIOV/RMILADY) T NEDD
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2.3 ROFA
MEXOIL—T% LUTDEY 0.2 WEXIRBITDLIICEFTS

led = 0
while true
if led ==
led = 0
else
led = 1
end

if swl_read() ==
led = 1
end

ledl_write( led )
sleep 0.2
end

41 D 18 LLFOFIE@EYICOV/NMIILLETT 5,
95&.LED D3 A 0.2 MERTRIKT %, (BEE 4.1.20-2 LED =R S8
Flo . RAMYF S4 G EFHLTWBR] LED D3 A EWTLAF FIC2EAERT S,

3. 914<—0DFH
RITN=ROLT7 A —EFATELOIEREELTET S,
‘MCC ICT/N—RIx794~v—®D TMR1 %% ET 5,

MCC %315 _E(F, Device Resources ##H 5 [Timer]->ITMR1 %47 JL2")v% L. [Project Resources |
ICETRT %,

Device Resources ‘ 7] | -

> 0C

» i Pmp

» R RTCC

> £ SPI

¥ (3) Timer
&) TMR1
) TMR2
) TMR3
) TMR4
(DL IMRS

4.2.3-1 Device Resources @ Timer IEH

Project Resources Generate | Import__ || Export
¥ System

Interrupt Module

Fin Module

System Module
¥ Peripherals

(O TMRI

4.2.3-2 Project Resouces I TMR1 % & §%
20



TMR1DZEZIT .

TMR1 % 1msEBICEITTBD T, [Tmer Period 1481 Tms ] &2 A AL, [Enable Timer interrupt] =&%1E L.
[Generate] 3§ %,

TMR1 e
<53 Easy Setup | = Registers
Hardware Settings
Enable TMR [] Enable Gate
Timer Clock Timer Period
Clock Source FOSC/2 - Period Count 0x0 = 0x7D0 = OXFFFF
2MHz
Input Frequency H Timer Period 32.7675 ms
- ]| p——
[] senize Clock
Enablgifimer Interrupt
softwagdettings
Callback Funetion Rate:  Ox1 XTimer Period = | 1 ms

4.2.3-2 TMR1 DR E
4. Thal.h] DIIE
N=RIIT7LAY—DI—F > Thshal.h] %EIET S,
V) SAHEFA, 21k, cpu K IEBSEEBINT S,
#ifndef MRBC_NO_TIMER
#tdefine hal_init() ((void)0)
#define hal_enable_irg() __builtin_disi (0x0000)

#tdefine hal_disable_irg() _ builtin_disi (Ox3FFF)
#define hal_idle_cpu() Idle()

5.T'main.c /i, M1 —E|Y AR NV RS ERY— R ET D,

/%
Main application

*/

int main(void)

{
// initialize the device
SYSTEM_Initialize();
mrbc_init (memory_pool, MEMORY_SIZE);
mrbc_define_method (0, mrbc_class_object, “swl_read”, c_swl_read);
mrbc_define_method (0, mrbc_class_object, “ledl_write”, c_ledl_write);
mrbc_create_task (samplel, 0);
TMR1_Start () ; // < added
mrbc_run () ;
return 1;

}

/%

* TIMER Cal |Back

*/

void TMR1_Cal IBack (void) { // <- added
mrbc_tick () ; // < added

} // <~ added

21



6. 7OV HINTONTADETE
TOVIINTONRTADEREERET L. RERNT—EIL T THD,
4.1 EDEWMIN—ROTTHM7—%FI%A. IMRBC_NO TIMER]EEALABWIETHDB,

+4.26-1 7OV NTONRTADEE

R ESERN 1 R EIHA2 XEIEE NE

XC16 Most Useful Options C include dirs src,src¥hal
xc16-Id General Heap size 1024
xc16-1d General Min stack size 1024

7Oy —DI—h TaY I MNEDORRTHEYZYYIL,. OV I O T ONT 1% RIRT B,
LI 7Od I hNaB | EHWTWSIB AL R EN SR IFATHD,

1
File Edit View Navigate Source Refactor Production Debug Team
Wz LI EY
Projects X | Services |C\asses |Fues | —|'E
m 1
o[ Header Fil  MNEW '
+E Moe g Add Existing Item...
=GR ere
- Add Existing Items from Folders...
- o4 New Logical Folder
- cH Locate Headers
B e Add Item to Impertant Files...
- o Export H
S oy port Hex
B o Build
B d Build
E] o ean an Uil
I e Clean
-] gla Batch Build...
(G el Package
i Set Configuration 4
'F':] ke
E It Run
1 Debug
T ope
= Step into
mrubyc_Led2_210 - |
22 [73 mrubye_Led?) Make and Program Device ]
%8 Project T2 "
@. Set as Main Project >—
= Open Required Projects r
'E Close
©
B Rename...
Move...
Copy...
Delete Delete
Code Assistance 4
i Pr Find...
= ’ﬁ%ibue Te Versioning ¢
P Starte
Histol 4
£ {5 Debug Re W
< Properties

426-1 7OV N TONRTFADERE
[Project Propeties|¥ A7 OY B BIKDT, ERIVTIREHAATI %8R (I TIEIXCI16]) L.ARIVD

[Option categories| TIEREIHAT2 | & EIR (ZZ Tl [Most Useful Options]) Z:& U, IR EBB I DA
BIOHED )Y ITHEHFATINC INTA=F AN HES,

22




] Project Properties - mrubyc_Led1
Options for xc 16-gcc (v1.35)
y Option categories: | Most Useful Optians v Reset
& Cont: [default]
5 Starter Kit (PKOB) pimization level ] v
- @ Loading ammon inclhude dirs
b @ i
Hbraries include dirs srcarcéhal
L2 Building
& o [T ade model Idetault] v
O XG16 (Global Optigls) Data model [detault] v
2 9
wolbas alate each function in a section O
@ zelf-gcc
w0 xclB-ld Remove unused sections O
@ xolbear Heap size 1024
Define comman macros MRBG_NO_TIMER
Define G macras

Option Description | Generated Gommand Line

¥ you select an option its description will appear here

Manage Gonfigurations

Ganes! Epply Unlock. Help

426-2 70N ONTADERE

BHOEEA ANTIBAATIE. FEEDYM7O7HRELDT. ZRThAALTWNL,
(F&2i. TCinclude dirs ] &2 )y o LIBOY AT AT DT, FhEhnlsrc]T4L IR ) EThallF4L o b
) %5859 3)

[ ] common include dirs
Destroy Diowun Lp Browse...
Pelative paths are from
: z [ ok Carcel

MPLAB ¥ proiect director

426-3 700N TONRTADEE

[Define common macros] DFFCld. BTN TAY TV hEB| EHWLWTWBIEAICIE. FiE2D LIS
MRBC_NO_TIMERIDN A SEHTHBD T, HIMRT 3,

| <] Define common macros

Destray Do Up

MRBC_NO_TIMER

OF Cancel

B

426-4 7OV N TONTADEE
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7.9U—VEIINEERT

4.1 D18 L TFOFIEEWICOV /XML LEITT S,

92&.LED D3 A° 0.2 WERTRIET %, (BEE 4.1.20-2 LED =iE B8R)

Tl  AAvF S4 AT ERMLTUVARE LED D3 A RIT LAEFEICRBEAHRTS

24



4.3 ChapterO3 8D mruby 7075 L% RAKFICENN T | % PIC24F DIRIETEN T
BHOD mruby 7OV S LERBICENLET,

1.mruby 7OV S LADAEEIAV /(I
TEED mruby A4S AlTsamplel.rb) sample2.rb1 =B Ed %,
AVIMVIE 4.2 TEELZBEI TV /MIILLEICTITO NS,

[samplel.rb]
led = 0

while true
if $swl ==
led = 0
else
led = 1
end

if swl_read() == 0
led = 1
end

led1_write( led )
sleep 0.2
end

[sample2.rb]

while true
$swl == swl_read()
end

2.EIVRRURTZIT,

4.1 D18 L TFOFIEBYICOV/RMILLEITT S,

$2%E.LED D3 A° 0.2 WERTRIET 2. (BE 4.1.20-2 LED =iE Z8R)

o  AMYF S4 =T EHLTWBME LED D3 N RITLAFRICRDEZHERT 5,

3.AVY—ILEBMICTS
UART &>z yV—ILaB{b 3%,
-MCC IZT/N—RHx7 UART @ UART1 258 E 9 3,

MCC %315 _E(F, Device Resources ##h*5 TUART |->TUART1[Foundation Services Library by
Microchip Technology,Incl1 %47 )L2"')w% L. [Project Resources | ICEE%kd 5,

25



UART1®D
UART1 % Hardware Settings (Z#EE T, EV7H A&, TUTRX: 49 TUTTX:5014

j_éc

Device Resources

» () Timer
v [E1UART
¥ [(FIUARTL

¥ [S]UART2

¥ [ZIUART3

UART1 [Foundation Services Library by Microchip Technology, Inc.
UARTL [PIC24 / dsPIC33 / PIC32MM MCUs by Microchip Technolog

UART?2 [Foundation Services Library by Microchip Technology, Inc |
UARTZ [PIC24 [ dsPIC33 / PIC32MM MCUs by Microchip Technolo

4.3.3-1 Device Resources @ UART IEH

Project Resources | Generate || import... | Export

* System
Interrupt Module
Pin Module
System Module
* Peripherals
() TMR1

[=1UART1 [Foundation Services Library by Microchip Technology, I... [X]

< |

4.3.3-2 Project Resouces |- UART1 % &§%

UART1

el
5% Easy Setup || = Registers
Hardware Settings
Enable UART
Baud Rate | 9600 [ - | Error Rate = 0.160
Parity | None | - |
Data Bits E [-]
Stop Bits | 1 | - |
Flow Control | None | - |
[ Enable UART Interrupts
Software Settings
[ ] Redirect Printf to UART
Software Transmit Buffer Size  0x8 Bytes
Software Receive Buffer Size 0x8 Bytes
43.3-3UARTLE&E
e | emmeemmemnem e m —y |-
Package: | TaFP100 | ~ | | PinNo: ||4950 5340
brtFW
Module Function Direction 4 (5|8 |12
U1CTs input -0 -k
UARTL ¥ U1RTS output B
U1RX input (6. a
UiTx output Bl 8

433-4UARTLEVY T HAVETE

-z

waxX A

L. [Generatel

26



4.Tmain.c]7OQJSLDER
TEEDBY. hal_write() &£ 3,

/!

/*! HAL  (BIRERBAL £9)

*/

int hal_write(int fd, const void *buf,
int i;
while (UISTAbits. TRMT == 0);
for (i = nbytes; i; —i) {

while (U1STAbits. TRMT == 0);
U1TXREG = *(charx) buf++;
}

return (nbytes);

5.mruby/c 7075 LDIEIE
[samplel1.rb]Z TEEDBYIEIET S

led = 0
while true
if led ==
led = 0
else
led = 1
end

if swl_read() ==
led = 1
end

led1_write( led )
puts led # Bhn
sleep 0.2

end

int nbytes)

{
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6. EILRRUZETEITD,

41 O 19 DFIEBYICOV/NMILLETT S,

95&.LED D3 A% 0.2 R TRIET %, (BEE 4.1.20-2 LED =iE SR)
5TV —)UIC LED D3 RUTBFEITR O AN 3N 3,
RE.XFXYPYI—RIE LF RO T EFENBETHS,

F7 FESRDFRICIE EXPLORERT6/32 ICHEH INTWSS) 7L -USB ZH#L(D ICMicrochip #& 0
MCP2221A %=FAY %,

RSA/NR—E, FENLYIVO—RTES,
https://www.microchip.com/wwwproducts/en/MCP2221A

Mo, TAHD Tab D IDoccuments] Wl Software | &YW BEY7O—KT 3,

windows RSA/\—EES D O—R(URL A ZEHBAREMNBYET)
http://ww1.microchip.com/downloads/en/DeviceDoc/MCP2221%20Windows%20Driver%202014-10-09.zip

PC 8

avy—ILAEl

B H 4.3.6-1 EXPLORER16/32 & PC & D%t

o  AMvF S4 AT EMUTWBRE LED D3 AT L= FFIC2EAMHRT S,
ZFORRICIX. )T ILaVY—ILICIE LED D3 S THADTINHEAIN S,
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5. XEHEEICDOWVWT
mruby/c (&, XEVREBEENDLVWEIFHD 1 DTHBH, CPU OEY MIUIL>TEIL T EIEREEL T,

ALR—MTEALTWLS PIC 16bit IRiE, LB R EL T, intel 64bit FRiE, OPENRISC 32bit IRIEALLE
THEELATEEEELTL mrbc_init() TR L7 memory_pool ® RAM FHE THLHLET %,

ruby @—NKI&, mruby/c D samplel.rb]&FI AL,

R 5-1 CPUEY & RAM BESE

CPU Ew MK Intel x64 OPENRISC PIC24F
64bit 32bit 16bi t
0S FreeBSD 0S &z L 0S &L
RAM H&E& 12,952 8,416 5, 304
16bit DBE=E% 1 & LLL 2.4 1.6 1

FHAIDFER. CPU D bit MAVNIKABIFEHETIAE ) ENHIBRINDIEN D o7,
BRELTIRIVIDYA XN, TNETh CPU DEYMITEASZENREERbN 3,

F7-. ZDEL. AL RAM OETH16bitCPUD A H 32bitCPU &Y 1.6 & RAM MMEX2EARLTHY. £
YRELTOUSLEEDEDAREMATRTEVALS,

F7-.PIC24F1)—X (dsPIC33 S ITIX. 427 SiEdH S H, RAM 1° 8kByte =B A5 DIE324 HiEH DD
T, PIC24F D¥#UA LD FFET mruby/c DENMEAREE WA EITH D,

7=72L.8Kbyre M ®IETIL, FIFFT8EA: RAM (4 2kByte %157, EDREDI—RABIERIBEN T+ 2
REETBENE S,

ERAMICIZ16kByte Ll EDXEY N EELDEBHONZD T, 199 MEITHEDIELLD,
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