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2.1 
�������� capacitive touch sensing 

      2.1.1 Capacitive Sensing Module (CSM) 
����ก�������� ก��!�"#�! $%�&ก��'(%)*+,���ก�-��-.�/0$&0)�1!�%�12.1�-��-.�/ก3�4

��4ก. 5�$%�&6+7�89,89,����8.1:$1 �:#;�PCB �"9,."9ก��!�"#�! ��-��-.�/ ก��>);� input 89,5$%
ก3�4��*9,&�5� 

0$&"92�7��.�ก��8?�1��$�1�97  
1. ��71);� Timer1  
2. !�,1'F% Timer1 �� !�%�1)��"G9,2H7�"� ��ก�48�,1�กI$ interrupt ��ก timer0  
3. ������ ก��!�"#�!2.1�-��-.�/0$& G%�F�ก);� raw ();�89,�� 5$%) �%.&ก�;�);� average M trip 

:!$1�;�"9ก��GNก!�"#�!.&N; (�"+,."9ก��!�"#�! )��"G9,89,5$%�� �4*$*1) 
4. �)*9&�/ Timer1 �6+,.�.ก���� �;.5� 

 

 
 

  

 

 

 

 

 

 

 

 
+,����2.1  Flow Chart ก��8?�1��2.1 CSM 

Sensor touch 

START 

Set timer 1 

Time 0 

Timer0 interrupt 

Timer1 count 

raw < No sensor touch 
NO 

Yes 
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+,���� 2.2 W�6.XI �&ก��8?�1��2.1 CSM 

 
8�71�978�71��7�ก��89,'(%)*+,�"�����!�YY�Z'�ก����$��7� "92%.�!9&��189,"9)��"�!9,&189,�4�กI$!�YY�Z
� ก��5$%!N18?�'F%�กI$ก��8?�1��89,#I$6*�$2H7�5$% .9ก8�71���(I�&�1"9��)�:61.9ก$%�& 

 

      2.1.2 Capacitive Voltage Divider (CVD) 
�����8)0�0*&989,.�]�&F*�กก��2.1ก���ก3 ��4�̂2.1����?�"�'(%!;1!�YY�Z'F%ก� ���

5"0)�).�08�*�*.�/'F%�.�5�'(%��40&(�/�;. 0$&0)�1!�%�12.1�-��-.�/ก3�4��4ก. 5�$%�&
6+7�89,89,����8.1:$1 �:#;�PCB F�+.6N$5$%.9ก.&;�1F�H,1�;�����:#;��ก3 ��4�̂!?�F�� !�"#�! 
�-��-.�/�4�;.�2%�0$&��1ก� (;.1 Analog to digital converter 0$&ก��89,�4������ 5$% �?������%.1
"9 Analog to digital converter .&;�1�%.&!.1(;.1 )+. (;.1F�H,1"95�%.%�1.I1 .9ก(;.1"95�%�6+,.����
����-��-.�/ F�ก(;.15F�&�15";5$%!:ก����)���4'F%(;.1��7����� ground F�+. VDD  

2�7��.�ก��������    
1. 5$�/> VDD 5�89,(;.1.%�1.I12.1sensor  
2. !� 2� Analog to digital converter 5�89,(;.1.%�1.I1 
3. Capacitor �4(��/���4�̂��กVDD#;��(;.1.%�1.I1 
4. !� 2� Analog to digital converter 5�89,(;.189,"9�-��-.�/.&N; 
5. ����!. �;�"9ก��!�"#�!.&N;F�+.5"; 0$&'(% Analog to digital converter ��$);�)��"�;�1 

]�ก&/..ก"� F�ก5";GNกก$.&N; );�)���"�;�1]�ก&/89,5$% �4"���กก��: ;1:�1$��2.1 C ��ก
�-��-.�/:*4 C Hold :�;G%�F�กGNกก$.&N;ก3�4"9)��"�;�1]�ก&/��กก��: ;1:�1$� �4F�;�1 C 
��ก�-��-.�/:*4 C Hold :*4 C ��ก���G^89,"�!�"#�! 8?�'F%);�)��"�;�1]�ก&/89,5$%��กก��89,
"9ก��!�"#�!��7��%.&ก�;�ก��89,����-��-.�/5";"9ก��GNก!�"#�!.&N;  

MCU 

INPUT 

CSENS

OR 

Timer 0 (INT) 

Timer 1 

OUTPUT 
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+,���� 2.3 Flow Chart ก��8?�1��2.1 CVD 

 

 

 

 
 

 

 

 
 
 
 

+,���� 2.4 W�6.XI �&ก��8?�1��2.1 CVD 
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INPUT 
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START 
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Turn ADC to sensor channel 

Point ADC to secondary channel 

Touch? 
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ADC Conversion  

NO 

Yes 
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8�71�978�71��7��1���97"92%.$989,..ก:  �1��5$%1;�& '(%8��6&�ก��%.&:�;&�1"92%.�!9&'�!;����+,.1"���ก
ก��89,'(%:F*;1�;�& VDD F�ก:�1$��5>>j��กI$�ก :*%��กI$�29&�0��:ก�"�.1�� 5�%5";$9 ก��:�*
);�89,��$5$%�4�กI$ก��)*�$�)*+,.�8?�'F%�กI$ก��8?�1��89,#I$6*�$2H7�5$% 

   

2.2.3 Charge Time Measurement Unit (CTMU) 
����ก��6�k��2H7�"���ก CVD 0$&��*9,&�2%.�!9&89,"92.1 CVD 89,"���กก��89,'(%:F*;1�;�& VCC -H,1
G%�F�ก���:F*;1�;�&����6�กG;��5>l�& F�ก)��"�;�1]�ก&/"9ก����*9,&�:�*15�.��8?�'F%);�89,
5$%"���7�)*�$�*+,.�5�5$% �H1"9ก���6I,":F*;1�;�ก�4:! (Current Source) �6��4ก�4:!89,5$%�4�8;�
�$I"�!". ��+,.1��ก )��"�%��8��)189, ก�4:!)189, $�1��7��H15$%)��"�;�1]�ก&/89,)189,"�'(%1��8?�'F%
�!G9&�"�ก2H7�:�;ก3�%.1:*ก"�ก� (I�89,��)�:612H7� 
 2�7��.�ก��8?�1�� 

1. �;�&:F*;1�;�&89,5$%��ก:F*;1��กก�4:!�2%�!N;(;.1.%�1.I12.1�-��-.�/ 
2. !� 2� Analog to digital converter 5�89,(;.1.%�1.I1 
3. Capacitor �4(��/���4�̂��กVDD#;��(;.1.%�1.I1 
4. !� 2� Analog to digital converter 5�89,(;.189,"9�-��-.�/.&N; 
5. ����!. �;�"9ก��!�"#�!.&N;F�+.5"; 0$&'(% Analog to digital converter ��$);�)��"�;�1 

]�ก&/..ก"� F�ก5";GNก$.&N; );�)���"�;�1]�ก&/89,5$% �4"���กก��: ;1:�1$��2.1 C ��ก
�-��-.�/:*4 C Hold :�;G%�F�กGNกก$.&N;ก3�4"9)��"�;�1]�ก&/��กก��: ;1:�1$� �4F�;�1 C 
��ก�-��-.�/:*4 C Hold :*4 C ��ก���G^89,"�!�"#�! 8?�'F%);�)��"�;�1]�ก&/89,5$%��กก��89,
"9ก��!�"#�!��7��%.&ก�;�ก��89,����-��-.�/5";"9ก��GNก!�"#�!.&N;  
 

 

 
 

 

 

 
+,���� 2.5 Flow Chart ก��8?�1��2.1 CTMU 

START 

Apply pin trigger current 

Touch? 

Capacitance change (voltage 

Capacitance (voltage divider 

between  C  +C )

ADC Conversion  

NO 

Yes 
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+,����2.6 W�6.XI �&ก��8?�1��2.1 CTMU 

 

2.2��+���<���������ก�+>?�<>�++�@AB��+��C�ก����A� 
         2.2.1 家製協家製協家製協家製協フォーマットフォーマットフォーマットフォーマット (Kaseikyou format)  
����0��0�).*89,��$ก��0$& Associate for Electric Home Appliance (AEHA)  「家電製品協

会」-H,1����0��0�).*89,'(%ก� ก��!+,.!��#;��!�YY�Z.I�>����$'��)�+,.1'(%5>>j��;�1 r -H,1GNก
'(%0$&#N%#*I���&'FY;.+,� r &ก��%� SONY :*4 NEC .&;�1:6�;F*�&  -H,12��$2.12%."N*��7��4"9
2��$ 20 bit :�;�.ก��ก��7�ก3&�1"92%."N*2.1#N%#*I�.&N;'�2%."N*89,!;1��ก�90"�5�$%�& -H,12%."N*
#N%#*I��4GNก��$ก��0$& AEHA 8�71�970��0�).*89,'(%ก� 89�96���0-�I)89,'(%'�ก���tI ��I1��'�
)��71�97��"2%."N*8�71F"$:*%�"92��$ 48 bit 0$&��&*4�.9&$:�;*4 I���7�����5���"�N�89,2.7 
   
 
 
 
 
 

 
+,����2.7 Panasonicus Kaseikyou format data bit  

 

ADC 

 

 
INPUT 

CSENSOR 

MCU 

 

 
INPUT 

CSENSOR 

 

Current 

source 

      Maker Chord Parit
y bit  

Syste
m bit 

Equipment 
Chord 

Data Parity 

16 bit 4 bit 4 bit 8 bit 8 bit 8 bit 
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ก��89,�4!+,.!���4F�;�1�90"�ก� .̂�ก�Z/��7� �90"��4!;12%."N*$�1�97 
1.!;1!�YY�Z�;�ก?�*�1�4!;12%."N* 
2. !;12%."N*8�71F"$ 48  I� 0$&:�;*4 I�"9��&*4�.9&$$�1�97  
 I�89, 1 GH1 I�89, 16 )+. I�89,�4 ^#N%#*I� 
 I�89, 17 GH1 I�89, 20 )+. Parity bit Manufacturer  
 I�89, 21 GH1 I�89, 24 )+. System bit 89,��������4 ^�;�'(%�4  5F�  
 I�89, 25 GH1 I�89, 32 )+.  I�89,�4 ^�;��4!+,.!��2%."N*ก� .̂�ก�Z/.45� 
 I�89, 33 GH1 I�89, 40 )+. I�2%."N*)?�!�,1 
 I�89, 41 GH1 I�89, 48 )+. Parity Bit !?�F�� 2%."N*)?�!�,1 
3. !;1 End bit �6+,.�*Iกก���I$�;. 
 

2.3 >BA��BA���ก�+E�F����+
ก+C��GC��+�<���+�
�<+H 
         2.3.1 �IJE�F����+
ก+C��GC��+�<���+�
�<+H 
                 2.3.1.1  MPLAB IDE ����0��:ก�"89,'(%'�ก���29&�:*4:ก%52-.>8/:��/ก;.�89,�4
�29&�*15� �5"0)�).�08�*�*.�/��4กN* PIC :*4 dsPIC 2.1 �Iw�85"0)�(I6 
                 MPLAB SIM ����0��:ก�"89,'(%'�ก���?�*.1ก��8?�1��2.15"0)�).�08�*�*.�/89,
���5$%�29&�*15�'� MPLAB IDE 8.73 0$&!�"��G$N5$%��71:�;0*�Iก89,..ก"���ก6I��;�1r );�89,.;��
5$%��ก Analog to digital converter �����%� 
                   �IX9ก���I$��71 MPLAB IDE  
1.$���/0F*$ MPLAB IDE 8.76 ��ก website 
http://www.microchip.com/stellent/idcplg?IdcService=SS_GET_PAGE&nodeId=1406&dDocNa
me=en019469&part=SW007002 :*%�)*Iก MPLAB IDE  
 

 
+,����2.8 *I71)/$���/0F*$ MPLAB IDE  
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2. )*I�ก Next> 

 
+,���� 2.9 MPLAB Tools Installation Program 

 
3. �*+.ก �I accept the term of the license agreement� :*%��H1)*I�ก Next> 

 
+,���� 2.10 MPLAB IDE License Agreement 

4.�*+.ก �Complete� :*%��H1)*I�ก Next> 
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+,����2.11 MPLAB Setup type selection to install 
 

5.�*+.ก0>*�$.�/89,�%.1ก��*1 MPLAB IDE 0$&)*I�ก89, Browse� :*%��H1�*+.ก0>*�$.�/�*�&8�1
:*%��H1)*I�ก OK :*%� �H1)*I�ก Next 

 
+,����2.12 MPLAB Choose Destination Location 
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+,����2.13 MPLAB Choose Folder 

 
6.�*+.ก �I accept the terms of the license agreement� :*%�)*I�ก Next> 

 
+,����2.14 MPLAB Tools Application Maestro License 

 
7.�*+.ก �I accept the terms of the license agreement� :*%�)*I�ก Next> 
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+,����2.15 8 MPLAB Tools C32 License 

 
8.)*I�ก Next> 

 
+,���� 2.16 MPLAB Tools Start Copying Files 

9.�.��ก�48�,1�I$��710��:ก�"�!�3� 
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+,���� 2.17 MPLAB Tools Setup Status 

10.�.��ก�48�,1�I$��710��:ก�"�!�3��4"9ก*;.12%.)��"G�"2H7�"��;��4�I$��71)."56�*.�/Hi -
TECH C �*&F�+.5"; 'F%�*+.ก NO ��ก��7�G%�&�15";�%.1ก��'F%�)�+,.1)."6I���.�/ restart 'F%�*+.ก No, 
I will restart my computer later. :*%��H1)*I�ก Finish :�;G%�F�ก�%.1ก��'F% restart �)�+,.1�*& 'F%�*+.ก 
Yes, I want to restart my computer now. :*%��H1)*I�ก Finish � ก���I$��71 
 

 
+,���� 2.18 MPLAB Tools  InstallSheild Wizard Complete 

     ก��'(%1�� MPLAB IDE 
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1.���$0��:ก�"2H7�"�0$&ก��$� � I7*)*I�ก89,5.).� MPLAB IDE $�1�N�89, 2.18 �45$%F�%��;�1
0��:ก�"2H7�"�$�1�N�89, 2.19 

 
+,���� 2.19 MPLAB IDE Icon 

 

 
+,����2.20 MPLAB IDE Interface 

 
2.!�%�10����)2H7�"�0$&)*I�ก89, Project -> Project Wizard. . . 
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+,���� 2.21 MPLAB IDE Project 
3.)*I�ก89, Next > 

 
+,���� 2.22 MPLAB IDE Project Wizard 

 
 

4.)*I�ก�*+.ก� .�/ microcontroller 89,����%.1ก���4'(% 'F%�*+.ก� .�/ �PIC16F1826� ��ก��7�)*I�ก 
Next>  
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+,���� 2.23 MPLAB IDE Select Device 
 
5.��1(;.12.1 Active Tool suite 'F%)*I�ก�*+.ก89, �HI-TECH Universal ToolSuite�  ��ก��7�'�!;��
2.1 Toolsuite Contents 'F%)*I�ก�*+.กHI-TECH ANSI C Compiler :*4�*+.ก Location 89,���5$%*1
)."56�*.�/5�%:*%��H1)*I�ก Next > 

 
+,���� 2.24 MPLAB IDE Select a language tool suite 
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6.�*+.ก0>*�$.�/89,�4�ก3 0����)89,ก?�*�1�4�29&�2H7�"�0$&)*I�ก8 Browse :*%��*+.ก
0>*�$.�/89,�%.1ก����ก��7�6I"6/(+,.0����)*15�'�(;.1 File name :*%��H1)*I�ก Save 
��ก��7��H1)*I�ก Next �6+,.�2%�!N;2�7��.��;.5� 

 
+,���� 2.25 MPLAB IDE Create a new Project  

 

 
+,���� 2.26 MPLAB IDE Save Project as 
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7.G%�F�ก���"95>*/89,�%.1ก�� �?�5�'(%'�0����).&N;:*%�ก3'F%�*+.ก5>*/�2%�5�'(%5$%�*&0$&ก��)*I�ก
�*+.ก89,5>*/89,�%.1ก��:*%��H1)*I�ก89, Add >>  :�;G%��%.1ก��89,�4 �?�5>*/..ก��ก0����)ก3'F%�*+.ก89,
5>*/89,�%.1ก���?�..ก:*%��H1)*I�ก89, Remove  :�;G%�5";"95>*/.45�89,�%.1ก���6I,"�2%�5�'�0����
)"F%)*I�ก Next >> 5$%�*& (���&�1!�"��G�6I,"5>*/�2%�5�W�&F*�15$%) 

 
+,���� 2.27 MPLAB IDE Add existing file to your project 

 
8.��ก��7��4"9�"!�!� �.ก-/!�̂�2%."N*�;�.̂�ก�Z/89,�*+.ก��7�� .�/.45� '(%)."56�*.�/���5F� �"+,.
�(3)�;�GNก�%.1:*%�'F%)*I�ก89, Finish �6+,.� ก��!�%�10����) 

 
+,���� 2.28 MPLAB IDE Summary 
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9.)*I�ก89,�N�ก�4$�w$�1�N�89, 2.28 �6+,.!�%�15>*/'F";�45$%F�%��;�1'F";"�$�1�N�89, 2.29 

 
+,���� 2.29 MPLAB IDE New File  

 

 
 

+,���� 2.30 MPLAB IDE Blank space 
10.��ก��7�)*I�ก89, File -> Save As 
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+,����2.31 MPLAB IDE File 

10.�*+.ก0>*�$.�/89,�4'F%5>*/2.1���.&N;��"�%.1ก��:*%���71(+,.*/�;� � main.c �:*4�I�ก89, �Add File 
To Project� �6+,.'!;5>*/�2%�5�'�0����) 

 

 
+,���� 2.32 MPLAB IDE Save As 

 
11.$N'F%:�;(�$�;�5>*/2.1����2%�5�.&N;'�0����):*%�$�1�N� 
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+,���� 2.33 MPLAB IDE Directory 

                 2.3.1.2 ARDUINO IDE  
        ����0��:ก�"'(%'�ก���29&�:*4:ก%52-.>8/:��/ก;.�89,�4�29&�*15� �
5"0)�).�08�*�*.�/:*4�29&�2%."N**1 �5"0)�).�08�*�*.�/��4กN* ARDUINO 2.1 �Iw�8 
ATMEL 0$&"9)."56�*.�/'�����.1 
ก���I$��71 ARDUINO IDE 
1.$���/0F*$ ARDUINO IDE 5$%89,  http://www.arduino.cc/en/Main/Software )*I�ก89, Window 

 
+,���� 2.34 ARDUINO IDE  Download Link 
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2.���$5>*/ ArduinoSetup 2H7�"�:*%�)*I�ก Next> 

 
+,���� 2.35 Arduino-0015 Setup Wizard 

 
3.�*+.ก0>*�$.�/�*�&8�189,�%.1ก���I$��71 Arduino IDE  

 
+,���� 2.36 ARDUINO IDE Select Destination Location 

 
4.�*+.ก0>*�$.�/�*�&8�189,�%.1ก��'F%"9(�.�)�� 
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+,���� 2.37 ARDUINO IDE Select Start Menu Folder 

 
5.G%�F�ก�%.1ก��'F%"9(�.�)����1F�%� Desktop$%�& ก3'F%�I�ก�*+.ก �Create a desktop icon� :*%��H1
)*I�ก Next> :�;G%�5";�%.1ก�� 'F%)*I�กNext 5$%�*& 

 
+,���� 2.38 ARDUINO IDE Select Additional Task 

 
6.)*I�กInstall  
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+,���� 2.39 ARDUINO IDE Ready to install 

 
 

7.�.��ก�;�ก���I$��71�4�!�3�!I7� 

 
+,���� 2.40 ARDUINO IDE Installing 

8.�!�3�!I7�ก���I$��71 G%�F�ก�%.1ก�����$0��:ก�"Arduino IDE 2H7�"��*& 'F%�*+.ก �Launch 
arduino� :*%��H1 )*I�ก Finish :�;G%�5";�%.1ก�� ก3'F%)*I�ก Finish �6+,.� ก���I$��715$%�*& 
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+,���� 2.41 ARDUINO IDE Completing the arduino-0015 Setup Wizard 

 
 

+,���� 2.42 F�%��;�10��:ก�" ARDUINO IDE 
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     �"+,.�29&�0��:ก�":*%��%.1ก��8?�ก�� Compile'F%)*I�ก89,!�Y*�กwZ/ $�1�N�89, 2.42 0��:ก�"�4
8?�ก��)."56*/:*%�!�̂�..ก"��;�0��:ก�"89,�29&�5�'(%F�;�&)��"�?�5��8;�5�$�1�N�89, 2.43 
 

 
 

+,���� 2.43 ARDUINO IDE Compile button 

 
+,���� 2.44 ARDUINO IDE Status  

 
     ��ก��7�G%�F�ก�;�����%.1ก���29&�2%."N**15�'� .�/$  Arduino 'F%)*I�ก89,!�Y*�กZ/$�1�N�89, 2.44 
:*4���!�"��G$Nก��!+,.!���4F�;�1!�& Serial 5$%$%�&ก��)*I�ก89,!�Y*�กwZ/$�1�N�89, 
 

                                                
              

+,���� 2.45 ARDUINO IDE Write button 
 

 
 

 +,����2.46 ARDUINO IDE Serial Monitoring button 
 

2.3.2 �<CGE
�<+H��������ก�+E�F��U���V�WXH 
                 2.3.2.1Hi-Tech C Complier  
        ����)."56*/�*.�/89,8?�F�%�89,:�*10��:ก�"89,����29&�:�*1��กW�w�-95�����W�w�:.-
�-" *9 ����0��:ก�"89,'(%�;�"ก��ก�  MPLAB IDE 0$&��.�/(�,�89,'(%�4������.�/(�,�5*8/ (Lite) -H,1
!�"��G'(%5$%>�9 
�IX9ก��I$��71  
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1.$���/0F*$ Hi-Tech C Complier ��ก
http://www.microchip.com/stellent/idcplg?IdcService=SS_GET_PAGE&nodeId=1406&dDocNa
me=en534868 0$&���89,$���/0F*$�97�4������.�/(�,�Lite -H,1!�"��G$���/0F*$5$%>�9 

 
+,���� 2.47 Microchipus Compiler list 

2.���$����I$��71 picc-9_82-win :*%��H1)*I�ก Next 

 
+,���� 2.48 HI-TECH C installer 

3.�*+.ก �Operate in Lite mode (reduced performance)� 
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+,���� 2.49 HI-TECH C mode selection 

 
4.�*+.ก I accept the terms of the licence agreement :*%��H1)*I�ก Next 

 
+,���� 2.50 HI-TECH License agreement 
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5.�*+.ก0>*/�$.�/89,�%.1ก���4�I$��71 ��ก��7��H1)*I�ก Next 

 
+,���� 2.51 HI-TECH C Install destination selection  

 
6.�*+.กW�w�89,'(%!?�F�� ก����+.�'�ก�Z989,�กI$ error 2H7� 'F%�*+.ก English :*%��H1)*I�ก Next  

 
+,���� 2.52 HI-TECH C language selection 
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7.�.'F%ก���I$��71�!�3�!I7� 

 
+,���� 2.53 HI-TECH C Installing 

 
8.)*I�ก Finish �6+,.�!�3�!I7�ก���I$��710��:ก�" 

 
+,���� 2.54 HI-TECH C Finish installation 
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2.3.3 
�+?�<�C?<��������ก�+
Y���Y�<C,���G���GC��+�<���+�
�<+H 
        2.2.3.1 PICKIT3 .̂�ก�Z/89,!�"��G'(%�29&�0��:ก�"*15�'�5"0)�).�08�*�*.�/��4กN*
PIC5$%8^ก�̂;�89,"9#*I�'�����̂ �� .9ก8�71&�1!�"��G8?�F�%�89,���� Debugger (;�&'F%���!�"��G$Nก��
8?�1��89*4��1F�4r5$%�;�:�;*4��1F�4ก��8?�1�� 0��:ก�"89,�29&�2H7�!�"��G5�!�,1ก��
5"0)�).�08�*�*.�/5$%GNก�%.1F�+.5"; !�"��G�(+,."�;.ก� )."6I���.�/5$%#;��8�1!�& USB .9ก
8�71&�1!�"��G$H15>>j���ก(;.1 USB 2.1)."6I���.�/"�����-�66*�&'F%ก� ���
5"0)�).�08�*�*.�/5$%$%�& �H1!4$�ก"�!?�F�� ก��'(%1�� 
 

 

+,���� 2.55 PICkit3 

 

+,���� 2.56 PICkit3 Component 
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 2.2.1.1 !;����4ก. �;�1rW�&�.ก2.1 PICkit3  

1. Lanyard Connection 

"9�N'F%)*%.1�(+.ก8?� 

2. USB Port Connection 

"9(;.1�(+,."�;. USB mini-B connector :*4&�1!�"��G'(%:F*;1�;�&��ก!�& USB 5$%.9ก$%�& 

3. Pin 1 Marker  

)+.�̂$ .ก�;�Pin5F�)+.Pin89,1 

4.Programming Connector 

)+.(;.189,'(%�!9& �6+,.�29&�0��:ก�"*15"5"0)�).�08�*�*.�/����:  ��$�$.�/!?�F��  6 Pin 

0$&:�;*4(;.1'(%!?�F�� �!9& Pin �;�1r$�1�N�89, 2.56 

 

 

+,���� 2.57 PICkit3 Pin Description 

5.Status LED 
�4"9F*.$ LED :!$1!G��4 .&N;!�"F*.$ 
F*.$89,1 Power (!9�29&�) :!$1!G��4�;� PICKIT3 5$%�� :F*;1�;�&#;��8�1 USB Port 
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F*.$89,2 Active(!9>j�) :!$1�;� PICkit3 �(+,."�;..&N;ก� )."6I���.�/#;��8�1!�& USB :*4         
!�"��G!+,.!��ก���4F�;�u��� PICkit3 :*4���)."6I���.�/5$% 
   
F*.$89,3 Status (!9�F*+.1) :!$1�;� PICkit3 .&N;'�!G��45";�;�1(Busy) �(;�2Z4ก?�*�1�29&�
0��:ก�"*1 �5"0)�).�08�*�*.�/ F�+.:!$1�;��กI$ก��#I$6*�$(!9:$1) error '���� PICkit3 
 

      2.4 >��
�?�<C�B<
E?�<>?�<>�++�@AB��GC��+�<���+�
�<+H
���<CE�A
�<+H 
               2.4.1 RS-232 Recommended Standard-232  
        ����"������ก���(+,."�;.2%."N*:  .�̂ก�" ก?�F�$0$& EIA (Electronics Industry 
Association) F�+. !"�)"#N%��4ก. ก��.̂�!�Fก��".I�*3ก8�.�Iก!/2.1.�"�Iก� '(%ก� ก��!+,.!��
:  �̂$�;.�̂$ 0$&'(%!�&�(+,."�;. DB :   25 :*4 9 �23" 89,5";��4!����1F�4�4F�;�1
)."6I���.�/ก� .̂�ก�Z/�;.6;�1 "9ก��8?�1��:  !.18�16�%."ก�� (Full-duplex) 0$&.��'(%
!�&!�YY�Z.+,��;�"�6+,.8?�:��$/�() (Hand-shake) F�+.5";ก35$%)4 
8�71�97"������ RS-232 �?�ก�$)��"&��!�&5�%89, 50 >^$ (F�+.��4"�Z 15 �"��) !?�F�� ก��!;1
!�YY�Z89,)��"��3� 19,200  I8�;.�I��89 0$&89,)��"&��!�&�4�%.1!�7�*1G%��%.1ก��!+,.!��89,
)��"��3�!N12H7� ����?�!�&����97"��(+,."�4F�;�1 .�/$ ARDUINO ก�  )."6I���.�/ :*4&�1'(%�6+,.
!+,.!��!;12%."N*��ก5"0)�).�08�*�*.�/5�&�1)."6I���.�/.9ก$%�& 

 
+,���� 2.58 !�&RS-232 
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             2.4.2 USB (Universal Serial Bus)  
        ����2%.ก?�F�$"������2.1 �!ก��!+,.!��:  .�̂ก�" �6+,.'(%'�ก���(+,."�;.ก� .̂�ก�Z/ -H,1
0$&8�,�5��4'(%ก� )."6I���.�/ :�;!�"��G'(%5$%ก� .̂�ก�Z/.+,� ����?�!�&(�I$�97"�'(%�(+,."�;.
�4F�;�1PICKIT3:*4)."6I���.�/�6+,.'F%)."6I���.�/�29&�2%."N**1 �5"0)�).�08�*�*.�/ 0$&
#;��!�&USB �2%�PICKIT3 :*%��H1�2%�!N;5"0)�).�08��*.�/�;.5� 
 

 
+,���� 2.59 !�&USB 

 

2.5 GC��+�<���+�
�<+H
��<I�ก+WH
>+�C��������ก�+E�F��U���V�WXH 
         2.5.1 GC��+�<���+�
�<+H��������ก�+E�F��U���V�WXH 

                    2.5.1.1 PIC16f1516  
       ����5"0)�).�08�*�*.�/2.1 �Iw�85"0)�(I6 89,"9)^Z!" ��I'�!;��2.1 capacitive sensing 
.&N;'�����.1�H1!�"��G�?�"�6�k��W�&'�%).��-��/�4  !�"#�!5$% �H1�*+.ก89,�4�?�"��������89,�4
8?�2H7�"����������I1 
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+,���� 2.60  PIC16f1516 

                   2.5.1.2 ARDUINO ATMEGA 328  
        ����5"0)�).�08�*�*.�/89,����0.�6;�-.�/-8�1���/$:��/ �H1����89,�I&"8?�'F%"9��ก6�k��
.̂�ก�Z/�!�I"!?�F��  .�/$����97"�ก 8�1#̂%��$8?��H15$%'(% �?�"��������8$*.189,�4'!;>�1ก/(�,�ก��'(%
1��:*4*Nก�*;�*15�ก;.�89,�4�?�5�'!;*1'�.̂�ก�Z/89,�4'(%8?�2H7�"���I1r 

 
+,����2.61 ARDUINO ATMEGA 328 

         
  2.5.2 <I�ก+WH
>+�C����BA���ก�+E�F��U���V�WXH 
                   2.5.2.1 Capacitive touch shield  
         ��ก �Iw�8 SPARKFUN ����.̂�ก�Z/�!�I"!?�F��  ARDUINO ATMEGA 328 89,8?�F�%�89,
����:�j�����*20$&'(%�8)0�0*&9 capacitive sensing 
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+,���� 2.62 Capacitive touch shield 

 

2.6 V�����������ก�+
Y�����+
ก+C
E?�<E�F��U���V�WXH  

      2.6.1 C language Programming 

V���\� (C) ����W�w�0��:ก�" �)."6I���.�/89,"9���G^��4!1)/8�,�5� 6�k��2H7��"+,. 6.]. 
2515 ().]. 1972) 0$& �$��I! �I�(9 89,� **/�8�*0>�:* .*�8.�9!/ (Bell Telephone Laboratories) 
�กI$2H7��6+,.!�%�1�4  �tI ��Iก��&N�Iก-/'�2Z4��7� 

�.ก��กW�w�-9..ก:  2H7�"��6+,.!�%�1-.>�/:��/�4  :*%� [4] W�w�-9&�1!�"��G'(%.&;�1
:6�;F*�&�6+,.6�k��-.>�/:��/��4&^ก�/89,�)*+,.�&%�& (portable) 5� ��4  .+,�5$%.9ก$%�& 

W�w�-9����W�w�0��:ก�"F�H,189,5$%�� )��"�I&""�ก89,!^$�*.$ก�* [5][6] "9!G����&ก��"
)."6I���.�/�69&1!;���%.&�8;���7�89,5";"9���:�*0��:ก�"2.1W�w�-9 W�w�-9"9.I8XI6*.&;�1"�ก�;.
W�w�0��:ก�"89,�I&".+,� r 89,�$;�(�$89,!^$ก3)+.W�w�-96*�!6*�! -H,1�$I"����!;��2&�&2.1W�w�-9 

ก��..ก:   

W�w�-9����W�w��29&�0��:ก�"�4  �(I1)?�!�,1 (F�+.�(I1ก�4 ��1��) GNก..ก:  2H7�
�6+,.'(%:�*$%�&���:�*0��:ก�":  ก���(+,."0&189,��15���1"� !�"��G�2%�GH1F�;�&)��"�?�'�
�4$� *;�1 �6+,.!�%�1W�w�89,�� )N;.&;�1"9��4!I8XIW�6ก� (^$)?�!�,1�)�+,.1 :*4:8 5";�%.1ก��
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!�� !�̂�'$ r 2Z48?�1�� W�w�-9�H1������40&(�/!?�F�� F*�&0��:ก�"89,ก;.�F�%��97�)&�29&�
'�W�w�:.!�-" *9"�ก;.� 

F�ก5";)?��H1GH1)��"!�"��G'��4$� *;�1 W�w��97GNก..ก:  2H7��6+,.!;1�!�I"ก���29&�
0��:ก�"89,5";2H7�.&N;ก� �)�+,.1'$�)�+,.1F�H,1 (machine-independent) 0��:ก�"W�w�-989,�29&�2H7�
��""������:*4�)*+,.�&%�&5$% !�"��G:�*5$% �:6*�>.�/")."6I���.�/:*4�4  �tI ��Iก��
�;�1 r .&;�1ก�%�12��1 0$&:ก%52�F�!�%�l � �69&1�*3ก�%.&F�+.5";�%.1:ก%52�*& W�w��97!�"��G
'(%5$% �:6*�>.�/"5$%F*�กF*�&��71:�;5"0)�).�08�*�*.�/��1���5���GH1-N��.�/)."6I���.�/ 

:��)I$ก��8?�'F%�*3ก89,!^$ 

ก��..ก:  2.1W�w�-9GNก#Nก"�$.&N;ก� �̂$��4!1)/ก��'(%)+.����W�w��29&�0��:ก�"
�4  89,�)*+,.�&%�&5$% W�w�-9�H1��$���9&"ก���2%�GH1���G^'$ r 89,!�"��G�4 ^�?�:F�;15$%0$&��1
:*41;�&$�& (���.&;�1�(;� �9�I!��.�/)� )^".̂�ก�Z/-H,1�� )N;.&N;ก� F�;�&)��"�?�) :*4�I6��/'��F�!
�%�l � !�"��G:�*.&;�1��15���1"���"6��Iก��"����)?�!�,1�)�+,.1$�71�$I"89,8?�1��5$% ���:�*
W�w�-9�̂;�ก;.� �1���8?�1��5$% �F�;�&��4"�*#*69$969-11 -H,1"9 I�.%�1�?�:F�;1�69&1 16  I�5$%
.&;�1! �& ���:�*W�w�-9�(;�:.-�83ก-9 (Aztec C) !?�F�� :6*�>.�/" 8  I�8�,�5�ก3!�"��G
8?�1��5$%�(;�ก�� 

*�กwZ4�l6�4 

W�w�-9"9!I,1.?���&!?�F�� ก���29&�0��:ก�"�(I10)�1!�%�1 :*4!�"��Gก?�F�$2. 2;�&
���:��:*4��9&ก-7?� �(;��$9&�ก� W�w�0��:ก�"�(I1)?�!�,1!;��'FY;'�!�&��4กN*W�w�.�*ก.* 
'�2Z489,�4  (�I$���:��:  .6*���(;�&�j.1ก��ก��$?���I�ก��89,5";5$%��71'� �F�!89,8?�1��5$%
8�71F"$'�W�w�-9GNก ���̂.&N;'�>�1ก/(�� 6���"I��.�/2.1>�1ก/(��!;1#;��$%�&);�2.1���:���!". 
!;��ก��!;1#;��$%�&ก��.%�1.I1�4GNก�?�*.12H7�0$&ก��!;1#;��);����(97 (�I$2%."N*��":  :�ก�;�1 
(struct) (;�&'F%!"�(Iก2%."N*89,�ก9,&�2%.1ก��!�"��G��"ก��:*4��$ก��5$%'�F�;�&�$9&� �F�!
�%�l � 2.1W�w�-9�����N�:  .I!�4 -H,1'(%.�kW�) (;) �������� )?�!�,1 ("I'(;���: ;1) 

W�w�-9&�1"9*�กwZ4�l6�4�;.5��97�6I,"��I" 

• ���:��.��GNก-;.�'� *3.ก-%.�'�  
• (�I$���:��5";�)�;1)��$ �(;�2%."N*���.�กw�!�"��G'(%�����?������3"  
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• �2%�GH1F�;�&)��"�?�)."6I���.�/'��4$� �,?�0$&:�*189,.&N;'��)�+,.1$%�&(�I$���:�����(97 
(pointer)  

• >�1ก/(��:*4���(972%."N*�.1�� ก��8?�1��'�W��4F*�&�N�:   (polymorphism)  
• ก��ก?�F�$$�(�9:G�*?�$� !�"��G8?�5$%$%�&�IX9�.1 )+.�I&�"'�6��/2.1�*2)ZI�2.1���(97  
• �����4"�*#*ก;.�!?�F�� ก���I&�":"0)� ก����"5>*/�F�!�%�l �  :*4ก��:�*

0��:ก�":  "9�1+,.�52  
• )��"!�"��G89,-� -%.��(;� 5./0. ก����$ก��!�&.�ก2�4 :*4>�1ก/(��8�1)ZI�]�!��/ 

��".&N;'�5* ���9  
• )?�F*�ก89,!1��5�%"9�?����);.�2%�1�%.&  
• ���$?���I�ก��:  ��4!"�?����"�ก .�8I +=, -=, *=, ++ �*�  

0)�1!�%�1ก���29&� )*%�&W�w� 9"�กก�;�W�w�.�*ก.* ���.&;�1�(;� 

• '(%�1�*3 ��กก� { ... } :8�89,�4���� begin ... end '�W�w�.�*ก.* 60 F�+.�1�*3 0)%1 ( ... ) 
'�W�w�.�*ก.* 68  

• �8;�ก�  = '(%!?�F�� ก?�F�$);� ()�$*.ก2%."N*) �F"+.�W�w�>.�/:8�� :8�89,�4���� := '�
W�w�.�*ก.*  

• �8;�ก� !.1��� == '(%!?�F�� ���9& �89& )��"�8;�ก�� :8�89,�4���� .EQ. '�W�w�>.�/
:8��F�+. = '�W�w�� !Iก:*4W�w�.�*ก.*  

• ���ก4 ":*4" ก�  "F�+." :8�$%�& && ก�  || ��"*?�$�  :8�89,�4�������$?���I�ก�� ∧ ก�  
∨ '�W�w�.�*ก.* :�;���$?���I�ก��$�1ก*;���45";��4�"I�);����GNก$?���I�ก��8�12�� G%�
F�ก#**�6X/��ก8�1-%�&!�"��G6I���Z�5$%:*%� �F�̂ก��Z/�(;��97��9&ก�;�ก����4�"I�);�
:  *�$�1�� (short-circuit evaluation) :*4���$?���I�ก��$�1ก*;��ก3"9)��"F"�&�;�1��ก
���$?���I�ก���4$�  I� & ก�  |  

)^Z*�กwZ489,2�$5� 

X��"(��I2.1W�w�'��4$� �,?�(;�&'F%0��:ก�"�".�/)� )^"!I,189,)."6I���.�/ก�48?�5$%
.&;�1'ก*%(I$ '�2Z489,.�̂Y��'F%"9ก����� :�;16I�]w:*4ก��8?�'F%�F"�489,!^$!?�F�� :6*�>.�/"
F�H,1'$0$&�l6�4 !I,1�978?�'F%�F�!!�"��G8?�1��5$%.&;�1"9��4!I8XIW�6 ����/$:��/89,"98��6&�ก�
�?�ก�$"�ก r 5$%�(;��4  ��1��� 
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W�w�-95";"9)^Z*�กwZ4 �1.&;�189,"9'�W�w�.+,�.�8I 

• 5";"9ก���I&�">�1ก/(��-%.�'�  
• 5";"9ก��ก?�F�$);�:G�*?�$� F�+.!�&.�ก2�40$&��1 (ก��)�$*.ก2%."N*�4ก�48?�#;��

>�1ก/(��"������ :�;ก3�.1�� ก��ก?�F�$);����G^89,"9(�I$���� struct F�+. union)  
• 5";"9ก���ก3 2%."N*2&40$&.��0�"��I  
• 5";"92%.ก?�F�$�6+,.ก������!. 2. �2�2.1:G�*?�$�   
• 5";"9ก��$?���I�ก��!?�F�� :G�*?�$� 8�71(^$'��4$� ���W�w�  
• 5";"9��ก&!�"6��X/!?�F�� (;�1);� (range) �(;� A..B 89,'(%'� �1W�w�  
• ก;.�GH1W�w�-999 5";"9ก��: ;1:&ก(�I$2%."N*:   N* ();�]N�&/F�+.5";]N�&/GNก�?�"�'(%

:8�) [7]  
• 5";"9!;����$)*^":  �N���& (closure) F�+.>�1ก/(��'��N�:  6���"I��.�/ ("9�69&1���(972.1

>�1ก/(��:*4���:��)  
• 5";"9���!�%�1:*40)�N89� ก��)� )^"ก�4:!ก��8?�1��W�&'��8�$"9�69&1ก����9&ก'(%

>�1ก/(��-%.�*15� ��%�:�;ก��'(%>�1ก/(�� longjmp F�+. setcontext ��ก5* ���9  
• 5";"9ก����$ก�48?�!I,1#I$��ก�I (exception handling) >�1ก/(��5* ���9"�������4:!$1

�1+,.�522%.#I$6*�$$%�&���:��!;��ก*�1 errno :*4/F�+.);�ก*� )+�6I�]w :*4>�1ก/(��
5* ���95$%���9&" goto :  5";'(;�l6�489,5�%$%�&  

• ก���29&�0��:ก�"�(I1".$N*�.1�� :);�4$� 6+7�����8;���7�  
• ก��0.��.�/0F*$>�1ก/(��F�+.���$?���I�ก��5";�.1�� W��4F*�&�N�:  2Z4:�*

0��:ก�"  
• ก���29&�0��:ก�"�(I1���G^�.1�� '��4$� 89,�?�ก�$"�ก 0$&6I���Z���กW��4F*�&

�N�:  ก� ก���� 8.$ (inheritance)  
• ก��-;.�!��!��8] (encapsulation) �.1�� '��4$� 89,�?�ก�$  
• 5";�.1�� 0$&6+7����ก� ก��8?�1��:  "�*�I�8�$:*4�)�+.2;�&)."6I���.�/  
• 5";"95* ���9"������!?�F�� )."6I���.�/ก��>�ก!/:*4)��"�?�����F*�&.&;�1'�ก��

�29&�0��:ก�"��4&^ก�/  

)^Z*�กwZ4�F*;��97�?����F�H,1"9'F%'(%5$%��ก!;��2&�&'����:�*0��:ก�" �1��� F�+.��$!��
5�%:*%�'�!W�6:�$*%."2.1�4  �tI ��Iก�� (�(;�06!-Iก-/) F�+.��$���9&"0$&5* ���9
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W�&�.ก F�+.!�"��G�?�*.10$&$�$:�*1:ก%52�F�!89,"9.&N; F�+. �1)��71ก3GNก6I���Z��;�5";'(;
�N�:  ก���29&�0��:ก�"89,�F"�4!" 

6��Iก��"5";�I&�" 

ก��$?���I�ก��F*�&.&;�1'�W�w�-9"96��Iก��"5";�I&�"-H,15";GNกก?�F�$�;��%.1����!. 
2Z4:�*0��:ก�" '�ก�Z92.1W�w�-9 "6��Iก��"5";�I&�"" F"�&GH16��Iก��"�l6�4.&;�189,
�กI$2H7�0$&"������"I5$%�4 ^5�% :*4!I,189,�4�กI$2H7�ก35";"9'��.ก!��ก��'(%1��2.1W�w�-9 F�H,1'�
(^$)?�!�,189,"9(+,.�!9&1:*4�;�2 2����กก*^;"2;�� comp.std.c :*4 comp.lang.c ��7�8?�'F%0��:ก�"
�กI$��YF�89,��9&ก�;� "��]��89,..ก"���ก�"Nก2.1)^Z" (demons to fly out of your nose) [8]  �1)��71
!I,189,�กI$2H7�'�8�1�tI ��I.������#*"���ก6��Iก��"5";�I&�"8?�'F%�กI$�̂$ ก6�;.189,&�ก�;.ก��
����!. :*4.��8?�'F%2%."N*'�F�;�&)��"�?�#I$:�*ก5� ���:�*0��:ก�" �1(�I$(;�&!�%�1
ก��$?���I�1��89,8?�'F%6��Iก��"��7�$92H7�:*4"9�F�̂#* -H,1:�ก�;�1��กก��:�*0$&���:�*(�I$.+,�
89,.��$?���I�1��5";�F"+.�ก�� !��F�̂89,6��Iก��" �1.&;�1&�1)15�%�;�5";�I&�"ก3�6+,.'F%
���:�*0��:ก�" �!G����&ก��"(^$2.1)?�!�,1�)�+,.189,F*�กF*�& !�"��G!�%�1�F�!89,8?�1��5$%
'�6��Iก��"89,�I&�".&;�1"9��4!I8XIW�6"�ก2H7� -H,1�(+,.�;����� 8 �8F�H,189,!?�)�Y2.1W�w�-9'�
���4W�w�!?�F�� !�%�1�4   $�1��7�W�w�-9�H1!;1#*'F%�กI$)��"�� #I$(. 2.10��:ก�"�".�/�6+,.
F*9ก�*9,&16��Iก��"5";�I&�" 0$&.��'(%[[# 1/8 

��ก&!�"6��X/ 

�F�!�%�l � 2.1W�w�-9"9�N�:  .I!�4 -H,1!�"��G'(%.�ก2�4(;.1�;�1�8;�'$ก35$%'��F�! 
"�กก�;�89,�4GNก�?�ก�$$%�&).*�"�/F�+. ��8�$2%.)��".&;�1W�w�>.�/:8�� 77 2%.)��"F"�&�F�̂
�4���กt�4F�;�1���)�,� /* :*4 */ (:  $�71�$I") F�+.��"F*�1 // ��ก�;��4�  ��8�$ (W�w�-999 
�����%�5�) 

�F�!�%�l � :�;*45>*/��4ก. $%�&ก����4ก�]:*4ก���I&�">�1ก/(���;�1 r :*4ก��
�I&�">�1ก/(��ก3��4ก. $%�&ก����4ก�]:*42%.)��"!�,1�;�1 r W�&'�.9ก$%�& ก����4ก�].��
ก?�F�$(�I$2%."N*'F";0$&'(%)?�F*�ก�(;� struct, union :*4 enum F�+.ก?�F�$);�2.1(�I$2%."N*
:*4.��!1����+7.89,!?��.1'F%ก� ���:��'F"; 0$&ก���29&�(+,.2.1(�I$2%."N*��"$%�&(+,.���:�� 
)?�F*�ก.�8I char :*4 int ����(�I$2%."N*6+7����89,"�ก� W�w� !;���;�1 r 2.1�F�!GNก)*^"$%�&
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�1�*3 ��กก� { ก�  } �6+,.�?�ก�$2. �2�2.1ก����4ก�] :*4�6+,.ก�48?��!"+.�2%.)��"!�,1�$9&�
!?�F�� 0)�1!�%�1ก��)� )^" 

W�w�-9'(% ��������	
� (statement) '�ก���4 ^ก��ก�48?��(;��$9&�ก� W�w��(I1)?�!�,1.+,� 
2%.)��"!�,189,!�"�Y89,!^$)+. ��������	
��
���� (expression statement) -H,1��4ก. $%�&�I6��/89,�4
GNก�?�5���4�"I�);� ��"$%�&.�kW�) ; ��ก#*2%�1�)9&12.1ก����4�"I�);� >�1ก/(��F*�&>�1ก/(��.��
GNก��9&ก'(%:*4���:��F*�&���.��GNกก?�F�$);�'F"; W�w�-95$%���9&"2%.)��"!�,1!?�F�� )� )^"
ก��5F*2.10��:ก�"5�%F*�&2%.)��"-H,1$N5$%��ก)?�!1���;�1 r ���.&;�1�(;� ก��'(% if-else �6+,.
ก��8?�1��:  "9�1+,.�52 :*4ก��'(% do-while, while :*4 for �6+,.ก��8?�1��:  ���.  �6+,.
��� ��*9,&�ก��8?�1��.������*?�$� �ก�I ����!I,189,�.1�� !?�F�� ก���29&�0��:ก�"�(I10)�1!�%�1 
!?�F�� 2%.)��"!�,1 for ��7�"9�I6��/2.1ก��ก?�F�$);���I,"�%� ก��8$!. �1+,.�52 :*4ก��
ก?�F�$);��. 'F";8�71!�".&;�1'�����.1 -H,1!�"��G*4��%��I6��/'$ก35$% 2%.)��"!�,1 break :*4 
continue !�"��G'(%W�&'�ก��8?�1��:  ���.  �6+,.F&^$ก�����.  F�+.2%�"5�&�1ก��
ก?�F�$);��. 'F";8��89��"*?�$�  �.ก��ก�97&�1"92%.)��"!�,189,5";�����(I10)�1!�%�1)+. goto -H,1�4
8?�'F%ก��5F*2.10��:ก�"2%�"5�&�1�j�& (label) 89,��71(+,.5�%8��89W�&'�>�1ก/(�� 2%.)��"!�,1 
switch :*4 case '(%!?�F�� 6I���Z�8�1�*+.ก2.1ก��8?�1��0$&6I���Z��I6��/89,�����?������3" 

�I6��/�;�1 r !�"��G'(%���$?���I�ก��89,"9"�ก� W�w�5$%F*�กF*�& ($N$%��*;�1) :*4.��"9
ก����9&ก'(%>�1ก/(�� .��/กI��"��/2.1>�1ก/(��:*4���GNก$?���I�ก��2.1���$?���I�ก��!;��'FY;89,�4
GNก��4�"I�);���7�5";"9ก���4 ^*?�$�  ก����4�"I�);��H1.��:8�ก-%.�ก��ก35$% .&;�15�ก3��"
#*ก�48 89,�กI$2H7�8�71F"$ (��"8�7189,�ก3 2%."N*���:��) �4���กtก;.� �������	� (sequence point) 
G�$5� �̂$*?�$� ��7�)+.�̂$!I7�!^$2.12%.)��"!�,12.1:�;*4�I6��/ :*4�̂$89,�2%�:*4..ก��กก��
��9&ก'(%>�1ก/(�� �̂$*?�$� ก3&�1�กI$2H7��4F�;�1ก����4�"I�);��I6��/89,"9���$?���I�ก�� �1(�I$ (�(;� 
&&, ||, ?: :*4���$?���I�ก���̂*W�)) !I,1�978?�'F%ก����� :�;1�F�!�̂$F"�&'F%�F"�4!"8?�5$%'�
�4$� !N1 -H,15";�?������%.1'F%0��:ก�"�".�/W�w�-9'!;'�"�ก��ก�6+,.'F%5$%#**�6X/89,�(+,.G+.5$% 
'�2Z489,�?�����!?�F�� W�w�0��:ก�".+,� 

GH1:"%�;���ก&!�"6��X/2.1W�w�-9�4GNก�*9&�:  0$&W�w�.+,�F*�&W�w��6��4�;�)��"�)&
(I�.&;�1ก�%�12��1 :�;ก3GNก�I6�กw/�I���Z/ ;.&)��71 ���.&;�1�(;� �).�/�Iก��:*4�I�(95$%ก*;��'� 8
�?�2.1 ����������ก���
����ก�
� 5�%�;� "W�w�-9ก3"9�?�F�I2.1"���F"+.�W�w�.+,�'$ ���
$?���I�ก�� �1���"9!I8XIก��8?�ก;.�89,#I$ ��ก&!�"6��X/ �1!;��!�"��G8?�'F%$9ก�;��97" 
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��YF��l6�4 �1.&;�189,)��F"�&�F�̂5�%"9$�1�97 

• 5";"9ก������!. �?����:*4(�I$2.1.��/กI��"��/ �"+,.ก����4ก�]>�1ก/(��"9��&ก��
6���"I��.�/�;�1 (!I,1�97�6+,.)��"�2%�ก��5$%&%.�F*�1ก� W�w��):.�$/.��/-9 -H,15";"906�08
58��)  

• 8�1�*+.ก89,�;�!1!�&2.1!I8XIก��8?�ก;.�2.1���$?���I�ก�� $�189,ก*;��GH10$&�).�/�Iก��:*4
�I�(92%�1�%� �(;� == 89,��1.&N;�I$ก�  & :*4 | '��I6��/$�1���.&;�1 x & 1 == 0 ���$?���I�ก�� 
== �48?�ก;.�-H,15";'(;#*89,)�$5�% �?������%.1'!;�1�*3 �6I," (x & 1) == 0 �6+,.'F% & 8?�ก;.�
��"�%.1ก��  

• ���$?���I�ก�� = -H,1'(%:!$1W��4�8;�ก��'�)ZI�]�!��/ :�;'�W�w�-9'(%�6+,.ก��ก?�F�$);�
2.1���:�� 0$&'(%��":  89,"9.&N;ก;.�'�W�w�>.�/:8�� W�w�69:.*/��� :*4W�w�� !Iก 
5";�F"+.�W�w�.�*ก.*:*4W�w��;.&.$2.1"�� �I�(9��71'��*+.ก�N�:  �97$%�&�F�̂#*F*�ก
�;� .��/กI��"��/2.1ก��ก?�F�$);��กI$2H7� ;.&ก�;�ก�����9& �89&   

• )��")*%�&ก��2.1���$?���I�ก��ก?�F�$);�:*4ก�����9& �89& W��4�8;�ก�� (= :*4 ==) 8?�
'F%�กI$)��"#I$6*�$��กก��'(%�)�+,.1F"�&#I$5$%1;�& '�F*�&ก�Z9�)�+,.1F"�&GNก'(%'�
 �I 82.1.9ก.��F�H,10$&5";"9)��"#I$6*�$2Z4:�* (:"%�;����:�*0��:ก�"�ก�I�4
!�%�12%.)��"��+.�2H7�"�) ���.&;�1�(;� �I6��/�1+,.�52W�&'� if (a = b) �4������I1G%� a "9
);�5";����]N�&/F*�1��กก��ก?�F�$);� [12] .&;�15�ก3��" 2%. ก6�;.1�97.��"9��40&(�/
!?�F�� ก���29&��F�!.&;�1&;.'� �1ก�Z9  

• ก��2�$���$?���I�ก����I"ก*�1!?�F�� ���G^-� -%.�F*�&(�I$ 0$&�l6�4ก��$?���I�ก��
!�&.�ก2�4 8?�'F%0��:ก�"89,2H7�.&N;ก� ก��$?���I�ก���F*;��97"92��$'FY;ก�;�89,)������ 
(�6��4�%.1!�%�1>�1ก/(��2H7��.1) :*48?�'F%�F�!.;��&�ก2H7�$%�&  

• �N�:  2.1ก����4ก�]89, �1)��715";����5���"!�"�Y!?��Hก 0$&�l6�4���(97>�1ก/(�� 
(:��)I$2.1�I�(9)+.ก����4ก�]����4 ^'� �I 889,!�"6��X/ก� ก��'(%1��2.1"��)  

���$?���I�ก�� 

W�w�-9�.1�� ���$?���I�ก��F*�&��4�W8 -H,1����!�Y*�กwZ/89,'(%'��I6��/�6+,.�4 ^ก����$ก��89,�4
GNก8?�'F%�กI$#* �4F�;�1ก����4�"I�);�2.1�I6��/��7� W�w�-9"9���$?���I�ก���;.5��97 

• 69()ZI� (+, -, *, /, %)  
• ก��ก?�F�$);� (=)  
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• ก��ก?�F�$);�:�;1��I" (+=, -=, *=, /=, %=, &=, |=, ^=, <<=, >>=)  
• ���ก4�4$�  I� (~, &, |, ^)  
• ก���*+,.��4$�  I� (<<, >>)  
• ���ก4:   N* (!, &&, ||)  
• ก����4�"I�);��(I1�1+,.�52 (?:)  
• ก��8$!. W��4�8;�ก�� (==, !=)  
• ก����".��/กI��"��/>�1ก/(�� (( ))  
• ก���6I,");�:*4ก��*$);� (++, --)  
• ก���*+.ก!"�(Iก'����G^ (., ->)  
• 2��$2.1���G^ (sizeof)  
• )��"!�"6��X/�(I1.��$�  (<, <=, >, >=)  
• ก��.%�1.I1:*4ก��GNก.%�1.I1 (&, *, [ ])  
• ก��*?�$�  (,)  
• ก����$ก*^;"�I6��/&;.& (( ))  
• ก��:�*1(�I$2%."N* (( ))  

W�w�-9"95�&�ก�Z/�N���&-H,1�4 ^0$&"������W�w�-9  

ก��:�*1�?������3" �?�����̂$*.&��� :*4ก����$�]w 

��ก&!�"6��X/2.1ก��:�*1(�I$2%."N*!�"��G'(%:�*1);��;�1 r �4F�;�1(�I$2%."N*
�?������3":*4�?�����̂$*.&��� (�?����8]�I&") F�+.�4F�;�1�?������3"!.1�?���� F�+.
�4F�;�1�?�����̂$*.&���!.1�?����89,"92��$:�ก�;�1ก�� ���.&;�1�(;� (long int)sqrt(1000.0), 
(double)(256*256) F�+. (float)sqrt(1000.0) �����%� ก��:�*1(�I$2%."N*����W��4��I&�&'�F*�&
 �I 8.�8I �"+,.ก?�F�$);�'F%ก� ���:��F�+.6���"I��.�/2.1>�1ก/(�� F�+.�"+,.'(%�?�����̂$*.&���
����$�(�92.1��ก��.�/ F�+.'�ก��$?���I�ก��8�1�*2)ZI�89,"9���GNก$?���I�ก������2%."N*)�*4(�I$
ก�� 

ก��:�*1);��4F�;�1�?������3":*4�?�����̂$*.&���0$&8�,�5� �4�กI$ก����*9,&�:�*1
ก���2%��F�!�4$�  I�5�&�12. �2�89,����5�5$%�6+,.!1��);��?����2.1���GNก$?���I�ก����7� 5";
�F"+.�ก� ก��:�*1(�I$2%."N*ก�Z9.+,� (-H,1ก���2%��F�!�4$�  I�2.1���GNก$?���I�ก���4GNก�9)��"
'F";��"(�I$��j�F"�&�69&1�8;���7�) 0$&�l6�4.&;�1&I,1 ก��:�*1(�I$2%."N*��ก�?������3"5�����
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�?�����̂$*.&����4)15�%-H,1);��?����5$%.&;�1GNก�%.1 ��%�:�;G%��?���� I�'�(�I$��j�F"�&"95";
�69&16. ก�Z9$�1ก*;���48?�'F% I�89,"9��&!?�)�Y�%.&89,!^$!NYF�&5� 

!;��ก��:�*1(�I$2%."N*��ก�?�����̂$*.&���5������?������3"�4�กI$ก����$);�F*�1�̂$
8]�I&".&;�1F*9ก�*9,&15";5$% ();�GNก��$�]w�2%�F�]N�&/) !?�F�� ก����$�]w(�I$.+,� W�w-9995$%�4 ^
5�%:*%�'�>�1ก/(��$�1�97 ('� <math.h>) 

• round(): ��$�]w5�&�1�?������3"89,'ก*%!^$  
• rint(), nearbyint(): ��$�]w��"8I]8�12.1�?�����̂$*.&�������̂ ��  
• ceil(): );��?������3"�%.&!^$89,5";�%.&ก�;�.��/กI��"��/ (��$2H7�) $N�6I,"89,>�1ก/(���6$��  
• floor(): );��?������3""�ก!^$89,5";"�กก�;�.��/กI��"��/ (��$*1) $N�6I,"89,>�1ก/(��6+7�  
• trunc(): ��$�]w�2%�F�]N�&/ (�F"+.�ก� ก��:�*1(�I$2%."N*�����?������3")  

>�1ก/(��8�71F"$�97�� .��/กI��"��/ double :*4)+�);����� double -H,1�;.��ก�97ก3.��:�*1(�I$2%."N*
�����?������3".9ก89F�ก�?����� 

ก��:�*1(�I$2%."N*��ก float 5����� double �4)15�%-H,1);��?����5$%.&;�1GNก�%.1 '�2Z4
89,ก��:�*1ก*�  );��4GNก��$�]w-H,1"�ก����ก����$�]w�2%�F�]N�&/ �6+,.'F%6.$9ก� �?���� I�89,�%.&*1 
(��+,.1��ก float ก3"9(;�1�*2(97ก?�*�189,�%.&ก�;�$%�& ก��:�*1(�I$2%."N*.��'F%#*����);�.����/:8�) 
���:�*0��:ก�" �10��:ก�"�4:�*1);�2.1 float 5����� double 0$&� +7.1F*�1'� �1 �I 8
�(;� 6���"I��.�/2.1>�1ก/(��89,��4ก�]���� float ��")��"������I1.��!;1);����� double ก35$% 

�)�+,.189,8?���""�������?�����̂$*.&���2.1 IEEE �F�̂ก��Z/ก����$�]w �1�F�̂ก��Z/"9
#*"���ก!G��4ก����$�]w����̂ �� (5$%:ก;ก����$�]w�*2)N; ก����$�]w2H7� ก����$�]w*1 :*4ก��
��$�]w�2%�F�]N�&/) -H,1.����9&ก$NF�+.��71);�!G��40$&'(%>�1ก/(�� fegetround()/fesetround() 89,�I&�"
5�%'� <fenv.h> 

���.&;�10��:ก�" "��*0*��I*$/" 

���.&;�10��:ก�" "��*0*��I*$/" -H,1���กt.&N;'�F��1!+. ����������ก���
����ก�
� 89,
6I"6/)��71:�ก ก*�&"��������:  2.10��:ก�"�ก�I,��?�'��?���ก���29&�0��:ก�"!;��'FY;F�ก
5";)?��H1GH1W�w�89,'(%�29&� 0��:ก�"$�1ก*;���4:!$1#* "hello, world" 8�1.̂�ก�Z/!;1..ก
"������ -H,1"�ก�4�����)�+,.1�*�&8�1F�+.F�;�&:!$1#*�.W�6 
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�F�!0��:ก�"�̂;�$�71�$I"����$�1�97 

main() 
{ 
    printf("hello, world\n"); 
} 

:*4F*�1��กก����� ��*9,&��F�!'F%�2%�ก� "������ �F�!�H1����$�1�97 [14] 

#include <stdio.h> 
  
int main(void) 
{ 
    printf("hello, world\n"); 
    return 0; 
} 

 ��8�$:�ก2.10��:ก�"����)?�!�,1(97:�4�����4"�*#*ก;.� (preprocessing directive) 
:!$15�%0$& #include 8?�'F%�����4"�*#*ก;.� (.�������)�+,.1"+..&;�1:�ก89,6I���Z��F�!�%�l � 
2Z4:�*) �?���+7.F�2%.)��"8�71F"$2.15>*/!;��F��"������ stdio.h �2%�"�:8�89, ��8�$��7� -H,1
5>*/$�1ก*;��"9ก����4ก�]>�1ก/(��!?�F�� .̂�ก�Z/�?��2%�:*4!;1..ก"������.�8I printf �1�*3 
:F*"89,)*^"(+,.5>*/ stdio.h (-H,1)��"��I1)+.�)�+,.1F"�&�%.&ก�;�-"�กก�;�) ����ก��:!$1�;� 
stdio.h GNกก?�F�$89,��710$&'(%ก*&^8X/ก��)%�F�89,'F%)��"!?�)�Y�;.5>*/!;��F��"������ "�กก�;�
5>*/!;��F��.+,�89,"9(+,.�$9&�ก�� .�Y��4ก�])N;.��'(%5$%'�ก�Z989,�%.1ก���?�5>*/!;��F��89,.&N;
'ก*%�)9&1F�+.���4�10)�1ก���2%�"���" 

 ��8�$G�$"�����ก���I&�">�1ก/(��(+,.�;� main >�1ก/(�� main ����>�1ก/(��89,"9�̂$��4!1)/
6I�]w'�0��:ก�"W�w�-9 !W�6:�$*%."2Z48?�1���4��9&ก'(%>�1ก/(�� main �6+,.��I,"�%�ก��8?�1��
0��:ก�" ����4 ^(�I$ int �������:!$1�;� ������� � 89,GNก!;1)+�0$&���89,��9&ก'(% (ก�Z9�97)+.
!W�6:�$*%."2Z48?�1��) �4�����?������3");�F�H,1 .������#*��กก����4�"I�);�2.1>�1ก/(�� 
main )?�F*�ก void '���&ก��6���"I��.�/:!$1�;�>�1ก/(�� main 5";�%.1'(%.��/กI��"��/  
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�1�*3 ��กก����$F"�&GH1�̂$��I,"�%�2.1ก���I&�">�1ก/(�� main 

 ��8�$G�$"�����ก�� ���!ก"#� >�1ก/(��89,(+,.�;� printf -H,1��4ก�]5�%'� stdio.h :*4��$���9&"
2H7���ก5* ���92.1�4   '�ก����9&ก'(%)��71�97 >�1ก/(�� printf �4GNก $������ $%�&.��/กI��"��/F�H,1
���)+.�?�:F�;1F�;�&)��"�?�2.1.�ก2�4���:�ก'�!�&.�ก2�4 "hello, world\n" !�&.�ก2�4$�1
ก*;��)+.:G�*?�$� 89,5";"9(+,..����4ก. $%�&(�I$2%."N* char �4GNก!�%�12H7�0$&.��0�"��I0$&
���:�*0��:ก�" :*4:G�*?�$� �4"9.�ก2�4);�]N�&/ (null) ����!I,189, ;1 .ก�̂$!I7�!^$2.1!�&
.�ก2�4 (printf �?������%.18�� !I,1�97) \n 89,���กt'�!�&.�ก2�4)+. ����	�ก��%��ก (escape 
sequence) W�w�-9�4�9)��"�;�����.�ก2�4 newline (2H7� ��8�$'F";) -H,1�48?�'F%.̂�ก�Z/!;1..ก
8�� �;�GH1�̂$!I7�!^$2.1 ��8�$����̂ �� );�!;1)+���ก>�1ก/(�� printf )+.(�I$ int :�;"��GNก*48I715�
.&;�1�19&  r ��+,.1��ก5";"9ก��'(% (0��:ก�"89,�4"�$�4��1"�กก�;�.��8$!. );�!;1)+� �6+,.
6I���Z��;�#*��กก��8?�1��2.1>�1ก/(�� printf !?���3�F�+.5";) .�kW�) ; �����̂$!I7�!^$2%.)��"!�,1 

2%.)��"!�,1 return ����ก��!I7�!^$ก��8?�1��2.1>�1ก/(�� main :*48?�'F%>�1ก/(��!;1ก*� 
�����?������3");� 0 -H,1!W�6:�$*%."2Z48?�1���4�9)��"�;������F�!..ก��ก0��:ก�"89,:!$1
�;�ก��8?�1����4! #*!?���3� 

�1�*3 ��กก���$F"�&GH1�̂$!I7�!^$2.1ก���I&�">�1ก/(�� main 

(�I$2%."N* 

W�w�-9"9�4  (�I$���:��:  5";�)�;1)��$ -H,1"9)��")*%�&)*H1 �1��4ก���;�"ก� W�w�
*Nก2.1W�w�.�*ก.* .�8I W�w���!ก�* W�w�-9"9(�I$���:��89,���9&"5�%:*%�!?�F�� �?������3"
F*�&2��$ :  8�71"9�)�+,.1F"�&:*45";"9�)�+,.1F"�& �?�����̂$*.&��� ���.�ก2�4 :*4(�I$2%."N*
:�1��  (enum) '�W�w�-999 5$%�6I,"(�I$���:��:   N*�2%�5�$%�& W�w�-9ก3&�1"9(�I$���:��89,�� 
8.$"�$%�&�(;�:G�*?�$�  ���(97 �4� 9&� (struct) :*4&N��9&� (union) 

W�w�-9"�ก'(%ก� ก���29&�0��:ก�"�4  '��4$� �,?� -H,1.��F* �*9,&1ก��'(%�4  (�I$
���:���"+,.�?����� ���:�*0��:ก�"�46&�&�"8?�'F%:�;'��;� (�I$���:��GNก'(%.&;�1GNก�%.1'�
�I6��/!;��'FY; :�;0��:ก�"�".�/ก3!�"��G* *%�1ก������!. �(;���7�5$%F*�&8�1 .�8I ก��
0&�(�I$2%."N* (type cast) �6+,.:�*1);���ก(�I$F�H,15�����(�I$F�H,1.&;�1(�$��� F�+.ก��'(%���(97
F�+.&N��9&��6+,.:�*)��"F"�& I�2.1);�89,.&N;W�&'�5�����.9ก(�I$F�H,1 
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��A��] 

W�w�-9�.1�� ก��'(%1�����(97 (pointer) -H,1����(�I$2%."N*!?�F�� ก��.%�1.I1.&;�11;�&(�I$
F�H,1 89,�ก3  ��8Hก89,.&N;F�+.�?�:F�;12.1���G^F�+.>�1ก/(��'�F�;�&)��"�?� ���(97!�"��G �����
�ก�	� 
(dereference) �6+,.�2%�GH12%."N*89, ��8Hก'��?�:F�;189,GNก(97.&N; F�+.�6+,.��9&ก'(%>�1ก/(��89,GNก(97.&N; ���(97
!�"��G��$$?���I�ก��ก?�F�$);�:*4�*2)ZI�2.1���(975$%$%�& );�2.1���(972Z40��:ก�"8?�1�� 
"�ก�4�����?�:F�;1"N*���'�F�;�&)��"�?� (-H,1.���!�I"$%�&);�..>�-�'�F�;�&��I�/$) :�;
��+,.1��ก���(97"9ก���4 ^(�I$��"2%."N*89,(975� ���:�*0��:ก�"�H1!�"��G����!. (�I$���:��
'��I6��/�;�1 r ��"8�71���(97$%�&ก���.12Z4:�*5$% �*2)ZI�2.1���(97�4:��!�$!;��2.12��$0$&
.��0�"��I��"(�I$2%."N*89,(975� ($N�6I,"89,!;��)��"'(%:8�ก��5$%�4F�;�1���(97:*4:G�*?�$� ) 
�̂$��4!1)/2.1ก��'(%���(97"9F*�กF*�&'�W�w�-9�(;� !�&.�ก2�4"�ก��$$?���I�ก��0$&'(%���(975�
&�1:G�*?�$� 2.1���.�ก2�4 ก����$!��F�;�&)��"�?�6*��� (dynamic memory allocation) !�"��G
ก�48?�5$%$%�&���(97 (�I$2%."N*(�I$.+,��(;� �%�5"% �ก�I�4GNก6�k��2H7�0$&ก����$!�����G^ struct 
0$&6*��� -H,1�(+,."0&1:�;*4F�;�&�2%�ก��$%�&���(97 ���(972.1>�1ก/(��'(%�6+,.ก����9&กก*�  (callback) 
!?�F�� (^$)?�!�,1��$ก���F�̂ก��Z/ �����%� 

&	�#�'���� (null pointer) )+.���(9789,(975�&�1�?�:F�;189,'(%1��5";5$% -H,1�4"9);����� 0 [16] ก��
.%�1.I1ก*� 2.1���(97�;�1�H15";"9)��"F"�& :*40$&8�,�5�'F%#*����2%.#I$6*�$2Z48?�1�� 
.&;�15�ก3��"���(97�;�1ก3"9��40&(�/!?�F�� ก�Z96I�]w�(;� '(%�����̂$!I7�!^$F�;�&!^$8%�&2.1
��&ก��0&1 -H,1F"�&)��"�;�5";"9���(975�F�;�&.+,�:*%� F�+.'(%:�%12%.#I$6*�$��ก>�1ก/(��89,)+�);�
�������(97 ���(97�;�1'�ก��*1�F�!"�ก�4�?��!�.$%�& 0 F�+. NULL 

���(97�.&$/ (void *) )+.���(972.1���G^89,5";8�� (�I$���:�� $�1��7��H1!�"��G'(%�������(97 
"8�,�5�" ก35$% :�;��+,.1��ก2��$:*4(�I$2.1���G^89,GNก(975";����89,8��  ���(97�.&$/�H15";!�"��G
.%�1.I1ก*� 5$% :*4�*2)ZI�2.1���(97ก3'(%ก� ���(97�.&$/5";5$% :"%�;����(972.1���G^(�I$F�H,1.��:�*1
�������(97(�I$.+,�5$%0$&1;�& (:*4'�F*�& �I 8ก3:�*15$%.&;�1)*^"�)�+.) 

ก��'(%1�����(97.&;�15";�4"�$�4��1.���กI$.�����&5$% ��+,.1��ก���:�����(97!�"��G(975�89,
�?�:F�;1'$ก35$%0$&5";"9ก£�กZ¤/ :*4�ก�Iก35";"9ก������!.  -H,1.��8?�'F%�กI$#*ก�48 89,5";6H1
����G�� GH1:"%���(9789,'(%1��.&;�1GNก�%.15$%(975�&�1�?�:F�;189,�*.$W�&.&N;:*%� :�;"��ก3.��GNก8?�
'F%(975�&�1�?�:F�;189,5";�*.$W�&0$&ก��$?���I�ก���*2)ZI�89,5";GNก�%.1 F�+.���(975�&�1���G^89,.��
��9&ก)+�ก����$!��5�:*%�:�;GNก��9&ก'(%'F"; (���(97.&;�1F*�" dangling pointer) F�+.���(9789,.��'(%
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1��0$&5";ก?�F�$);���I,"�%� (���(97���:8� wild pointer) F�+.���(9789,.��GNกก?�F�$$%�&);�89,5";
�*.$W�&0$&��1 $%�&�IX90&�(�I$���:�� &N��9&� F�+.#;��);�"���ก���(97.+,�89,�!9& �����%� 
0$&8�,�5�W�w�-9.�̂Y��'F%��$$?���I�ก��:*4:�*1(�I$���:��2.1���(975$% :"%�;�
���:�*0��:ก�"ก3"9����*+.ก!?�F�� ก������!. .&N;F*�&�4$� ก3��" W�w�0��:ก�".+,� �1
W�w���$ก����YF��970$&ก?�F�$'F%'(%(�I$���:��.%�1.I189,�)�;1)��$"�กก�;� 

:G�*?�$�  

(�I$2%."N*:G�*?�$�  (array) '�W�w�-9:  $�71�$I""92��$)189,:*4!GI� -H,1�4GNกก?�F�$
�.�:�*0��:ก�" ('���*�G�$"� "������W�w�-999 .�̂Y��'F%!�%�1:G�*?�$� 89,"9)��"&��:��
5$%) .&;�15�ก3��":G�*?�$� !�"��Gก?�F�$'F%��$!����+7.89,F�;�&)��"�?�2��$'$ก35$%2Z48?�1�� 
0$&'(%>�1ก/(�� malloc ��ก5* ���9"������ :*%�8?�'F%����:G�*?�$�  ก��8?�'F%����F�H,1�$9&�
�4F�;�1:G�*?�$� :*4���(972.1W�w�-9 8?�'F%F"�&)��"�;�:G�*?�$� 89,:8%��I1:*4:G�*?�$� 89,
��$!��.&;�16*����!"+.�'(%:8�ก��5$% ��+,.1$%�&:G�*?�$� �2%�GH1#;�����(97�!". ('�8�1�tI ��I) 
ก���2%�GH1:G�*?�$� �H15";"9ก������!. 2��$W�&'�%:G�*?�$�  :"%�;����:�*0��:ก�".��"9
����*+.ก!?�F�� ����!. 2. �2�ก3��" ก��'(%1���กI�2. �2�2.1:G�*?�$� �H1&�1)1!�"��G
����5�5$% -H,1�กI$2H7�);.�2%�1�����ก�I'��F�!89,�29&�.&;�15";�4"�$�4��1 :*4�?�5�!N;#*!48%.�
ก*� F*�&.&;�1.�8I ก���2%�GH1F�;�&)��"�?�89,5";.�̂Y�� ก��8?�'F%2%."N*#I$:�*ก5�  �>�>.�/
!;��*%� :*4!I,1#I$��ก�I2Z48?�1�� 

GH1:"%W�w�-9�.1�� :G�*?�$� :  !GI� :�;ก35";�?������;�$�(�92.1:G�*?�$� �4�%.1"9#* 
(ก������!. 2. �2�) ���.&;�1�(;� ���!�"��G*.1 ��8Hก);�!"�(Iก���89,Fก*1'�:G�*?�$� 89,"9
!"�(IกF%����5$% -H,1�48?�'F%�กI$#*89,5";)�$)I$ )��"#I$6*�$�(;��97��9&ก�;� �	(�(���������� 
(buffer overflow/overrun) ����!��F�̂89,!?�)�Y.&;�1F�H,12.1��YF�$%��)��"�*.$W�& ��+,.1��ก
�8)0�0*&9ก��ก?���$ก������!. 2. �2� (bounds-checking elimination) 5";"9.&N;�*&�"+,.W�w�-9
GNก�I&�"2H7� ก������!. 2. �2��H1*$8.���4!I8XIW�6.&;�1�̂�:�1 0$&�l6�4ก� ก��)?���Z
�(I1�?���� �"+,.!.1!�"��ก;.�F�%���7� ���:�*W�w�>.�/:8��"9����*+.ก'F%���$F�+.��$ก��
����!. 2. �2�5$% :�;����*+.ก�(;��975";"9��40&(�/�;.W�w�-9 �6��4.��/กI��"��/2.1:G�*?�$� 
GNก#;��);�$%�&���(97X��"$� 

W�w�-95";"92%.ก?�F�$6I�]w!?�F�� ก����4ก�]:G�*?�$� F*�&"I�I :�;..ก�42H7�.&N;ก� 
ก����9&ก-7?�W�&'��4  (�I$���:�� �6+,.��4ก�]:G�*?�$� 2.1:G�*?�$�  -H,1!�"��G ��*^#*
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!?���3�5$%�F"+.�ก�� );�$�(�92.1 ":G�*?�$� F*�&"I�I" 89,!�%�12H7�!�"��G6I���Z��;��6I,"2H7���"
.��$� ��9&1��":G� (row-major order) 

0$&�ก�I:G�*?�$� F*�&"I�IGNก'(%1��'�2�7��.��IX9�(I1�?�����6+,.�ก3 2%."N*�"8�Iก-/ (-H,1��4&^ก�/
"���ก69()ZI��(I1�!%�����F*�ก) 0)�1!�%�12.1:G�*?�$� '�W�w�-9�F"�4!"����.&;�1$9!?�F�� 
1���97 :�;��+,.1��ก:G�*?�$� GNก#;��);�$%�&���(97 2. �2�2.1:G�*?�$� �H1�%.1����);�89,8�� :*4
��&��� F�+.5";�(;���7�ก3�%.1#;��);�5�6�%."ก� -� �N89�89,�?������%.18��  �.ก��ก�97 :G�*?�$� 
2.1:G�*?�$� 89,��$!��2��$:  6*��� 5";!�"��G�2%�GH15$%0$&'(%$�(�9!.1(�7� (���.&;�1ก�Z9�97
�(;�ก����$!��:G�*?�$� $%�& "��ก��.�/:G�" 2.1���(975�&�1!$"W/) 

W�w�-999 5$%:�4�?� ":G�*?�$� )��"&��:��5$%" �6I,"�2%�"� :�;ก3&�1"9��YF� �1��4ก��89,
�F"+.�ก� ��YF�:G�*?�$� 2.1W�w�-9 

)��"'(%:8�ก��5$%�4F�;�1���(97:*4:G�*?�$�  

)^Z*�กwZ4�$;�(�$2.1W�w�-9 (-H,1.��8?�'F%!� !�$%�&) )+.ก���tI ��I�;.:G�*?�$� :*4���
(97 !�Yก�Z/:G�*?�$�  x[i] !�"��G'(%ก� ���(97 x 5$% 0$&:�*)��"F"�&�;�����ก���2%�GH1���G^���89, i 
+ 1 2.1���G^2%."N*89,.&N;�I$ก��G�$��ก�?�:F�;189, x (97.&N; -H,1G+.�;�����!"�(Iก���:�ก2.1:G�*?�$�  
(x[0]) 

x[i] "9)��"F"�&�89& �8;� *(x + i) ��"�N�:   :*4��+,.1��ก(�I$���:��2.1���(97����89,
8�� 2Z4:�* �?�:F�;1 x + i 89,(975�"I5$%F"�&)��"�;���ก�?�:F�;1 x :*%��6I,"5�.9ก i 5 �/ :�;
F"�&GH1�6I,"5�.9ก (i )NZ$%�&2��$2.1!"�(Iก89,�?�:F�;1 x) 2��$2.1!"�(Iก�975$%"���กก��'(%���
$?���I�ก�� sizeof  �!"�(Iก89,.%�1.I1ก*� ���'$���F�H,12.1 x $�1�(;� n = sizeof *x F�+. n = sizeof 
x[0] 

�.ก��ก�97'� �I 8!;��'FY;2.1�I6��/ (+,.2.1:G�*?�$� �4GNก:�*1�������(9789,(975�&�1
!"�(Iก���:�ก2.1:G�*?�$� ��7� !I,1�97 .ก������&�;�:G�*?�$� �45";GNก)�$*.ก2%."N*5�8�71F"$
�"+,.�?�5���71(+,..��/กI��"��/2.1>�1ก/(�� :�;�4"9�69&1:);�?�:F�;12.1!"�(Iก���:�ก�8;���7�89,!;1#;��
5� $�1��7�GH1:"%�;�ก����9&ก'(%>�1ก/(��'�W�w�-9�4�9)��"�;�!;10$&'F%);� (pass-by-value) :�;:G�
*?�$� ��7�!;10$&.%�1.I1 (pass-by-reference) '�8�1�tI ��I 

�?����!"�(Iก2.1:G�*?�$�  x 89,5$%��4ก�]5�%:*%� !�"��G)?���Z5$%��ก sizeof x / sizeof x[0] 
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ก��!�XI�.&;�1F�H,189,�;�!�'��;.)��"'(%:8�ก��5$%�4F�;�1���(97:*4:G�*?�$� :!$15�%$%��*;�1 
ก��ก?�F�$);�8�71!9,"9)��"F"�&�89& �8;�ก��:*4�����F�!89,'(%1��5$%'�W�w�-9 

/* x ����:G�*?�$� F�+.���(97, i �����?������3" */ 
  
x[i] = 1;         /* �89& �8;�ก�  *(x + i) */ 
*(x + i) = 1; 
*(i + x) = 1; 
i[x] = 1;         /* �89& �8;�ก�  *(i + x) */ 

:"%�;�ก��ก?�F�$);�8�71!9,�89& �8;�ก�� :�;"9�69&1:  :�ก�8;���7�89,:!$1�N�:  ก��*1�F�!89,$9 ก�Z9
.+,�.��6 5$%'��F�!W�w�-989,&^;1�F&I1 

GH1.&;�15�ก3��":G�*?�$� :*4���(97ก3&�1"9�̂$89,:�ก�;�1:"%�;�"���4�89& �8;�ก�� ���(975�&�1!"�(Iก���
:�ก-H,1:�*1"���ก:G�*?�$�  5";"9��+7.89,�ก3 2%."N*�?�:F�;12.1"���.1 �;�1��ก���:�����(97-H,1"9 
�"+,.�����(;���7�:*%�!I,189,:G�*?�$�  "(975�" �H15";!�"��G��*9,&�:�*15$% :*45";!�"��Gก?�F�$);�
'F";'F%ก� ���:��:G�*?�$�  ();��;�1 r 2.1:G�*?�$� .��)�$*.ก5$% 0$&'(%>�1ก/(�� memcpy ����
�%�) 

ก����$ก��F�;�&)��"�?� 

>�1ก/(��ก��8?�1��F�H,189,!?�)�Y89,!^$2.1W�w�0��:ก�")+. ก��'F% �Iก��ก����$ก��
F�;�&)��"�?�:*4���G^89, ��8Hก.&N;'�F�;�&)��"�?� W�w�-9"9!�":��8�189,�;�1ก���6+,.��$!��
F�;�&)��"�?�!?�F�� ���G^ 

• ก����$!��F�;�&)��"�?�!GI� 89,�;�1!?�F�� ���G^'��F�!���!.1-H,1��%�5�%2Z4:�*
0��:ก�" ���G^�F*;��97"9.�&^2�& (extent) ��� �8;�89,�F�!���!.189,"9���G^��7� ���̂*1'�
F�;�&)��"�?�  

• ก����$!��F�;�&)��"�?�.��0�"��I ���G^(�,�)���!�"��G�ก3  ��8Hก'�ก.1-%.� (stack) 
:*489,�;�1�97�4GNก��9&ก)+�:*4'(%'F";F*�1��ก���G^89,��4ก�]�*Iกก��8?�1��0$&.��0�"��I  

• ก����$!��F�;�&)��"�?�6*���  *3.ก�;�1 r 2.1F�;�&)��"�?�'�2��$89,�%.1ก��!�"��G
�%.12.5$%2Z48?�1�� 0$&'(%>�1ก/(��5* ���9.�8I malloc �.1��+7.89,F�;�&)��"�?�89,��9&ก�;�
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�9� (heap)  *3.ก�F*;��97)1.&N;��ก�;��4GNก��9&ก)+��6+,.'(%'F";0$&'(%>�1ก/(�� free '�
W�&F*�1  

:��8�1!�".&;�1�97�F"�4!"'�!G��ก��Z/:*42%.:*ก��*9,&�89,�;�1ก��5� ���.&;�1�(;� ก��
��$!��F�;�&)��"�?�!GI�5";"9ก��$?���I�1��!I7���*+.1 (overhead) �6+,.ก����$!�� ก����$!��
F�;�&)��"�?�.��0�"��I.��"9ก��!I7���*+.1�%.& :*4ก����$!��F�;�&)��"�?�6*���.������5�5$%
�;�"9)��"!I7���*+.1.&;�1"�ก8�71ก����$!��:*4ก����9&ก)+� '�8�1��12%�" 89,�;�1'�ก.1-%.�
0$&8�,�5�"92��$�?�ก�$:*45";)18�G���5�ก�;�F�;�&)��"�?�:  !GI�F�+.89,�;�1'��9� :*4ก��
��$!��F�;�&)��"�?�6*���!�"��G��$!�����G^89,8�� 2��$�l6�42Z48?�1��5$% 0��:ก�"
W�w�-9!;��'FY;�H1'(%1��8�71!�":��8�1.&;�1ก�%�12��1 

ก����$!��"�ก'F%)��"!?�)�Y:ก;:  .��0�"��IF�+.:  !GI�"�กก�;� �6��4���:�*0��:ก�"����
!;����$ก��F�;�&�ก3  ��8Hก 8?�'F%0��:ก�"�".�/5";�%.1��$!��:*4��9&ก)+�F�;�&�ก3  ��8Hก
�̂ก�Iก$%�&���.1-H,1�!9,&1�;.ก���กI$2%.#I$6*�$ .&;�15�ก3��"0)�1!�%�12%."N*F*�&(�I$!�"��G
2&�&2��$5$%'�2Z48?�1�� :*4��+,.1��กก����$!��!GI� (:*4ก����$!��.��0�"��I'�W�w�-989 
:*4-990) �4�%.1"92��$��&���2Z4:�*0��:ก�" F*�&!G��ก��Z/�H1�?������%.1'(%ก����$!��
6*��� ก;.�89,�4"9"������-999 :G�*?�$� )��"&��:��5$%�������.&;�1��YF�F�H,12.1ก�Z9�97 

���G^89,��$!��:  .��0�"��I:*46*����4GNกก?�F�$);���I,"�%�G%�5$%�4 ^5�% F�+."Il4��7�"��
�4"9);�89,5";:�;�.� (5";�;��N�:  �F�!���!.1 �F�;�&�ก3  ��8Hก�4����.45�ก3��" -H,1.��5";
����);�89,'(%1��5$%!?�F�� (�I$���:����7�) G%�0��:ก�"6&�&�"�2%�GH1);�89,5";ก?�F�$�97 #**�6X/�4
5";!�"��G�I&�"5$% ���:�*0��:ก�"!"�&'F";F*�&0��:ก�"6&�&�"����!. :*4:�%1��+.�
�ก9,&�ก� ��YF��97 :�;ก3�4�กI$8�71#* �ก*�1:*4#** *�1 

��YF�.9ก��4ก��F�H,1)+. ก����$!��F�;�&)��"�?�'��9��?������%.1ก�48?�6�%."ก� ก��
'(%1����I1$%�&���.1'�0��:ก�"'$ r ก3��" �6+,.'F%"��!�"��G�?�ก*� "�'(%'F";"�ก89,!^$�8;�89,
����5�5$% ���.&;�1�(;� G%�"9���(975�&�1�9�89,GNก��$!���.ก2. �2� F�+.);�2.1���(97GNก�29&�8� ก;.�
��9&ก'(% free �48?�'F%F�;�&)��"�?�89,�?�:F�;1��7�5";!�"��G��9&ก)+��6+,.'(%'F";W�&F*�1:*4
!NY�!9&5�ก� 0��:ก�" .���������กtก��Z/89,��9&ก�;� %���!��������	
� (memory leak) '�8�1
ก*� ก�� ก���*$�*;.&F�;�&)��"�?���3��กI�5�:*%�&�1)1'(%1��.&N;-H,1����5�5$% :�;��+,.1��ก�4  
��$!��F�;�&)��"�?�!�"��G��$!��.9ก)��71F�+.'(%F�;�&)��"�?�89,GNก8?�'F%�;�1 6��Iก��"89,)�$
�$�5";5$%ก3.���กI$2H7� 0$&�ก�I.�ก���4���กt'�!;��2.10��:ก�"89,.&N;5ก*��ก�̂$89,8?�'F%�กI$
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)��"#I$6*�$��I1 8?�'F%����:ก%��YF�5$%.&;�1&�ก*?� �ก ��YF��(;��975$%�� ก����� ��̂1:ก%52'�
W�w�0��:ก�"89,"9ก���ก3 ก��$2%."N*2&4.��0�"��I 

 

5* ���9 

W�w�-9'(%5* ���9�����IX9ก��F*�ก!?�F�� !;��2&�& 5* ���9)+.ก*^;"2.1>�1ก/(��89, ���̂.&N;
'�5>*/�$9&�ก��0$& "G���" 5* ���9:�;*4(�I$�4"95>*/!;��F�� -H,1�� ��"�%�:   (prototype) 
��">�1ก/(��89,"9.&N;'�5* ���9-H,1.��GNก��9&ก'(%0$&0��:ก�" :*4"9ก����4ก�](�I$2%."N*6I�]w
:*4!�Y*�กwZ/:"0)�89,'(%'�>�1ก/(���F*;���7� 0��:ก�"�4�%.1��"5>*/!;��F���97�2%�5��6+,.'(%1��
5* ���9 :*45* ���9�4�%.1�(+,."0&1ก� 0��:ก�" -H,1'�F*�&ก�Z9.���%.1'(%��� ;1(97)."56�*.�/ 
(compiler flag) (�(;� -lm !?�F�� 5* ���9)ZI�]�!��/�����%�) 

5* ���9!�"�Y89,!^$)+.5* ���9"������2.1W�w�-9 -H,1�4 ^5�%0$&"������5.0-:*4:.�-9-9:*4
�I$"�ก� 8^ก0��:ก�"89,6�k��$%�&W�w�-9 (!;��ก��6�k�� �!W�6:�$*%.":  ��1���.��"9
5* ���9"�������69&1!;��&;.&!;��F�H,1) 5* ���9�97�.1�� ก�4:!2%."N*�� �2%�:*4!;1..ก ก��
��$!��F�;�&)��"�?� )ZI�]�!��/ !�&.�ก2�4 :*4);�2.1��*� 

5* ���9!�"�Y.9กก*^;"F�H,1����>�1ก/(��89,���4�1'(%ก� 0��:ก�"89,8?�1�� �
�4  �tI ��Iก��&N�Iก-/F�+.)*%�&&N�Iก-/ 0$&�l6�4>�1ก/(��89,"9!;���;.��4!���2%�ก� �).�/��* 
>�1ก/(���F*;��975$%'F%��&*4�.9&$5�%'�"������F*�กF*�&�(;�06!-Iก-/F�+.2%.ก?�F�$
)^Z*�กwZ4&N�Iก-/�(I1�$9,&� (Single UNIX Specification) 

��+,.1$%�&0��:ก�"F*�&0��:ก�"GNก�29&�2H7�$%�&W�w�-9 5* ���9.+,� r 89,F*�กF*�&'�
�1ก�%�1ก3"9�(;�ก��  ;.&)��7189,5* ���9�F*;���7��29&�$%�&W�w�-9 �6��4���:�*W�w�-9�4��$!�%�1
�F�!���G^ (object code) 89,"9��4!I8XIW�6 ��ก��7�0��:ก�"�".�/�4!�%�1!;���;.��4!��5�&�1
5* ���9 �H18?�'F%W�w��4$� 89,!N1ก�;�.&;�1W�w����� W�w��6I�/* :*4W�w�568.� !�"��G'(%1��
�N89�'��F�!���G^5$% 

�)�+,.1"+.89,'(%ก� W�w� 
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�)�+,.1"+.F*�&.&;�1GNก!�%�12H7��6+,.(;�&�F*+.0��:ก�"�".�/W�w�-9 �6+,.F*9ก�*9,&1��YF�
 �1��4�W889,"�ก� W�w� �(;�2%.)��"!�,189,"96��Iก��"5";�I&�" F�+.2%.)��"!�,189,�tI ��I5";$9-H,1
.��!;1#*'F%�กI$6��Iก��"89,5";��71'�F�+.)��"#I$6*�$2Z48?�1�� 

ก������!. :ก%52�F�!�%�l � .��0�"��I������40&(�/!?�F�� 8^กW�w� :*4W�w�-9ก3"9
�)�+,.1"+.��7��(;�ก���(;� lint ก��'(% lint 0$&�ก�I�6+,.������ �F�!89,�;�!1!�&�"+,.0��:ก�"�29&�2H7�
����)��71:�ก �"+,.0��:ก�"#;��ก������!. ��ก lint :*%� "���H1�4GNก:�*$%�&���:�*W�w�-9 ���
:�*W�w�F*�&���ก3!�"��G�*+.ก5$%�6+,.:�%1��+.� �ก9,&�ก� 0)�1!�%�189,GNก�%.1��"��ก&!�"6��X/:�;
.���กI$)��"#I$6*�$5$%��I1 "I!��-9 ����ก*^;":��8�189,"9ก��"!I8XI¦�6+,.ก��F*9ก�*9,&1�F�!89,�;�
!1!�&�(;���7� -H,16�k��2H7�!?�F�� �4  ��1��� 

�.ก��ก�97&�1"9���:�*0��:ก�" 5* ���9 :*4ก*5ก�4$� �4  �tI ��Iก�� �6+,.ก��
����!. 2. �2�2.1:G�*?�$�  ก��������  �>�>.�/!;��*%� ก��8?�'F%����.�̂ก�" 
(serialization) :*4ก���ก3 ก��$2%."N*2&4.��0�"��I -H,1"I'(;!;��F�H,189,����"������2.1W�w�-9 

�)�+,.1"+..+,�.&;�1�(;� �69&��I>�& :�*ก�I�$/ :*4ก���(+,."0&1ก� 5* ���989,"9>�1ก/(����$!��
F�;�&)��"�?�:  6I�]w !�"��G(;�&���$�#&2%.#I$6*�$'�F�;�&)��"�?�2Z48?�1��5$% 

W�w�89,�ก9,&�2%.1 

W�w�-9"9.I8XI6*�;.W�w�.+,�'�&^)F*�18�71'�8�1��1:*48�1.%."�(;� W�w����� W�w�
�6I�/* W�w�69�.(69 ����!)�I��/ W�w�:.*69-9 W�w�-9(��/� :*4-9�(**/2.1&N�Iก-/ .I8XI6*89,
:6�;F*�&"�ก89,!^$)+.�N�:  ��ก&!�"6��X/ 8^กW�w�89,ก*;��"�5$%��"��ก&!�"6��X/2.12%.)��"
!�,1ก� �I6��/2.1W�w�-9 6�%."8�71�4  (�I$���:�� .���������:  2%."N*:*4/F�+.0)�1!�%�1
0��:ก�"2��$'FY;89,�;�15���ก2.1W�w�-9 -H,1 �1)��71ก3�;�1ก��.&;�1"�ก 

�"+,.:��)I$W�w��(I1���G^����89,�I&" W�w�-96*�!6*�!:*4W�w�.3. ��ก89>--9����!;��
2&�&89,:�ก�;�1ก��2.1W�w�-989,'F%)��"!�"��G�(I1���G^5$% W�w�8�71!.1:�;�$I"8?�'F%�กI$#*0$&'(%
���:�*W�w�:  :�*1�F�!�;.�F�! ��,�)+.�F�!�%�l � 2.1W�w�$�1ก*;���4GNก:�*�����F�!
W�w�-9ก;.� ��ก��7��H1:�*$%�&)."56�*.�/.9ก�;.F�H,1 

W�w�-96*�!6*�!��4$Iw�/2H7�0$&� 9&��. !�$��!$�3.  (Bjarne Stroustrup) 'F%����W�w�
89,"9ก��8?�1���(I1���G^0$&"9��ก&!�"6��X/)*%�&W�w�-9 W�w�-96*�!6*�!�6I,"��I")��"��$ก^"�;.(�I$
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���:�� 2. 2;�& :*4�)�+,.1"+..+,� r 89,������40&(�/'�ก���29&�0��:ก�"�(I1���G^ :*4.�̂Y��'F%
�29&�0��:ก�"�(I18�,�5�#;��:";:   W�w�-96*�!6*�!�.1�� �F�!!;��'FY;2.1W�w�-9��:8 �4
)�. )*^"8�71F"$ :�;ก3"92%.&ก��%� �1��4ก�� ($N�6I,"89, )��"�2%�ก��5$%�4F�;�1W�w�-9:*4
W�w�-96*�!6*�! !?�F�� ��&ก��)��":�ก�;�10$&*4�.9&$) 

W�w�.3. ��ก89>--9�$I"�����69&1 "(�7� �1 r"  �W�w�-9:*4&�1)1)�. )*^"W�w�-9.&;�1
�2%"1�$ -H,1.�̂Y��'F%�29&�0��:ก�"�(I1���G^0$&'(%ก�4 ��8�]�/(�I$���:��#!"6*���/!GI� 
��ก&!�"6��X/2.1W�w�.3. ��ก89>--9"���ก8�71W�w�-9:*4W�w�!".**/8.*/ก ��,�)+. 
��ก&!�"6��X/89,�ก9,&�2%.1ก� ก����4"�*#*ก;.� �I6��/ ก����4ก�]>�1ก/(�� :*4ก����9&ก'(%
>�1ก/(���� "���กW�w�-9 '�2Z489,��ก&!�"6��X/!?�F�� )^Z*�กwZ4�(I1���G^�?�"���กW�w�!".**/
8.*/ก 

W�w�$98?�)^Z*�กwZ4F*�&.&;�1'F%�;�1..ก5�:�;&�1)15�%-H,1��ก&!�"6��X/8�,�5�2.1
W�w�-9 5";�F"+.�W�w�-96*�!6*�!89,:8 �4�2%�ก��5$%:  &%.�F*�1ก� W�w�-9 W�w�$9*48I71
)^Z*�กwZ4�?����F�H,12.1W�w�-9..ก5� ��+,.1��ก�.*��.�/ 5 ��/ (Walter Bright) #N%..ก:  
W�w�$9 6I���Z��;�5";"9)��"�?������%.1'(%)^Z*�กwZ4�F*;���7� ��"8�71�����4"�*#*ก;.�:*45��
.�กw� !;��2&�& �1.&;�12.1W�w�$95�&�1W�w�-9 8� -%.�ก� !;��2&�&5�&�1W�w�-96*�!6*�! 

W�w�*I"0 ����W�w�F�H,189,6�k��0$&89"1��89,� **/:*3 !/ :*4'�2Z489,&�1)1��กw�
��ก&!�"6��X/:*4*�กwZ48�,�5� �1.&;�12.1W�w�-9 ก3&�1"9ก���ก3 ก��$2%."N*2&4:*4W��46�%."
ก��89,"96+7���� �ก�4 ��ก��!+,.!��:  *?�$�  (communicating sequential processes) 

W�w�568.�!+ 8.$"���กW�w�-9'�:��8�189,�;�1..ก5� '�2Z489,��ก&!�"6��X/:*4
)��"F"�&2.1W�w�568.�:�ก�;�1ก� W�w�-9.&;�1!I7��(I1 :�;�)�+,.1"+.8?�'F%�กI$#*'�W�w�56
8.�89,'(%ก��.&;�1ก�%�12��189,!^$)+.-9568.� -H,1����0��:ก�"W�w�-9:  0.�6�-.�/- !I,1�97(;�&
'F%#N%'(%!�"��G�29&�W�w�-9����!;��2&�&2.1W�w�568.� F�+.��1W�w�568.�*1'�0��:ก�"
W�w�-9 )��"!�"6��X/.&;�1'ก*%(I$�97���������&F�H,189,�?�5�!N;)��"!?���3�2.1W�w�568.�'����4
W�w�6*����6+,.ก��'(%1��8�,�5� 

W�w��6I�/*����.9ก���.&;�1F�H,12.1W�w�0��:ก�"89,"9�%�ก?���I$��กW�w�-9 0)�1!�%�1
0$&��"8�71F"$2.1W�w��6I�/*"���กW�w�-9.&;�1"�ก �)�+,.1"+.8?�'F%�กI$#*2.1W�w��6I�/*
"�������29&�2H7�$%�&W�w�-9 :*4�.1�� !;��2&�&89,�29&�'�W�w�-9$%�& 
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��A
�+��V���\� 

     ��A
�+ (Variable) )+. ก���.16+7�89,'�F�;�&)��"�?�2.1)."6I���.�/!?�F�� �ก3 2%."N*89,�%.1
'(%'�ก��8?�1��2.10��:ก�"  0$&"9ก����71(+,.��9&กF�;�&)��"�?�'��?�:F�;1��7�$%�&  �6+,.)��"
!4$�ก'�ก����9&ก'(%2%."N*  G%��4'(%2%."N*'$ก3'F%��9&ก#;��(+,.2.1���:��89,�ก3 �.�5�% 

���JY<�Y�<C,� 
       W�w�-9����.9กW�w�F�H,189,"9(�I$2.12%."N*'F%'(%1��F*�&.&;�1$%�&ก��  -H,1(�I$2.12%."N*:�;
*4.&;�1"92��$��+7.89,89,'(%'�F�;�&)��"�?�89,:�ก�;�1ก��  :*4��+,.1��กก��89,"92��$89,:�ก�;�1ก��
5�  $�1��7�'�ก���*+.ก'(%1����4�W82%."N*ก3)���4)?��H1GH1)��"�?�����'�ก��'(%1��
$%�&  !?�F�� ��4�W82.12%."N*"9$�1�97)+. 

1.  2%."N*(�I$���.�กw� (Character) )+.2%."N*89,�����F�!:8����.�กw�F�+.);��?������3"5$%:ก; 
���.�กw� ����*2 :*4ก*^;"���.�ก2�46I�]w'(%6+7�89,'�ก���ก3 2%."N* 1 5 �/ 
2. 2%."N*(�I$�?������3" (Integer)  )+.2%."N*89,�����*2�?������3"  5$%:ก; �?������3" �ก �?����
��3"*  ]N�&/ '(%6+7�89,'�ก���ก3  2 5 �/ 
3. 2%."N*(�I$�?������3"89,"92��$ 2 �8;� (Long Integer) )+.2%."N*89,"9�*2�����?������3"  '(%6+7�89,  4 
5 �/ 
4. 2%."N*(�I$�*28]�I&" (Float) )+.2%."N*89,�����*28]�I&" 2��$ 4 5 �/ 
5. 2%."N*(�I$�*28]�I&".&;�1*4�.9&$ (Double) )+.2%."N*89,�����*28]�I&" '(%6+7�89,'�ก���ก3  8 
5 �/ 

���J 

Y��J

�A�C

กA��� 

�BA�Y<��B� ก�+������ 

Char 8  I�  ASCII character (-128 GH1 127) �ก3 2%."N*(�I$.�ก2�4 

Unsignedchar 8  I� 0-255 
�ก3 2%."N*.�ก2�4:  5";)I$
�)�+,.1F"�& 

Int  16  I� -32768 GH1 32767 �ก3 2%."N*(�I$�?������3" 

long  32  I�  -2147483648 GH1 2147483649 �ก3 2%."N*(�I$�?������3":  
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&�� 

Float 32  I� 3.4E-38 GH1 3.4E+38 F�+. 8]�I&" 6  �ก3 2%."N*(�I$�*28]�I&" 

Double 64  I� 
1.7E-308 GH1 1.7E+308 F�+. 8]�I&" 
12 

�ก3 2%."N*(�I$�*28]�I&" 

Unsigned int 16  I� 0 GH1 65535 
�ก3 2%."N*(�I$�?������3" 5";)I$
�)�+,.1F"�&  

Unsigned 
long  

32  I� 0 GH1 4294967296 
�ก3 2%."N*(�I$�?������3":  
&�� 5";)I$�)�+,.1F"�&  

��+�����2.1 +����
<��JY<���A
�+V���\�
�B�����J 

+,�
����ก�+�+�ก�b��A
�+��V��� C 

     ก��!�%�����:��2H7�"�'(%1���4��9&ก�;�  ก����4ก�]���:�� (Variable Declaration) 0$&�29&�
)?�!�,1'F%GNก�%.1��":  ก����4ก�]���:��  :!$1$�1�97 

type name;  

type :  (�I$2.1���:�� 
name : (+,.2.1���:��  -H,1�%.1��71'F%GNก�%.1��"F*�ก2.1W�w� C  

     ก���29&�)?�!�,1�6+,.��4ก�]���:��  !;��'FY;:*%��4�29&�5�%'�!;��F��2.10��:ก�"ก;.�
>�1ก/(�� main -H,1ก���29&�5�%'��?�:F�;1$�1ก*;��  �48?�'F%���:���F*;���7�!�"��G��9&ก'(%��ก89,'$
ก35$%'�0��:ก�"  $�1���.&;�1 

#include <stdio.h>    

int num;  !�%�1���:��(+,. num �6+,.�ก3 2%."N*(�I$�?������3"  

float y;  !�%�1���:��(+,. y �6+,.�ก3 2%."N*(�I$�*28]�I&" 

char n;  !�%�1���:��(+,. n �6+,.�ก3 2%."N*(�I$���.�ก2�4 

void main()    
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{   

     printf("Enter number : ")    

     scanf("%d",&num);   

     printf("Enter name : ");    

     scanf("%f",&n);   

     printf("Thank you");   

}   

@��กก�+��]��?�<��A
�+ 

     '�ก����4ก�]!�%�1���:���%.1"9ก��ก?�F�$(+,. -H,1(+,.��7�5";'(;�;��4��71'F%!+,.)��"F"�&GH1
2%."N*89,�ก3 .&;�1�$9&�  0$&5";)?��H1GH1.&;�1.+,�   ��+,.1��กW�w� C "92%.ก?�F�$'�ก����71(+,.���:��
�.�5�%  :*%�G%���71(+,.#I$F*�กก���F*;��97  0��:ก�"�45";!�"��G8?�1��5$%  F*�กก����71(+,.���:��
'�W�w� C :!$15�%$�1�97 

1. �%.12H7��%�$%�&���.�กw� A-Z F�+. a-z F�+.�)�+,.1F"�& _(Underscore) �8;���7�  

2. W�&'�(+,.���:��!�"��G'(%���.�กw� A-Z F�+. a-z F�+.����*20-9 F�+.�)�+,.1F"�& _ 

3. W�&'�(+,.F%�"��%�(+,.1�;�1 F�+.'(%!�Y*�กwZ/�.ก�F�+.��ก2%. 2  

4. ���.�กw��*2F�+.'FY;"9)��"F"�&:�ก�;�1ก�� 

5. F%�"��71(+,.-7?�ก� )?�!1�� (Reserved Word) $�1�97  

 

auto default float register struct volatile break 

Do far return  switch  while Case double 

goto short typedef  char  else If signed  

union const enum int sizeof unsigned continue 

extern long static void  
   

��+����� 2.2 ����1:!$1 )?�!1�� 89,F%�"'(%��71����(+,.���:�� 
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���.&;�1ก����71(+,.���:��'�W�w� C 8�7189,GNก�%.1:*45";GNก�%.1��"F*�กก��  :!$1$�1�97 

bath_room GNก�%.1 

n-sync #I$F*�กก�� ��+,.1��ก"9�)�+,.1F"�& - ���ก£'�(+,.  

108dots #I$F*�กก�� ��+,.1��ก2H7��%�$%�&����*2  

Year# #I$F*�กก�� ��+,.1��ก"9�)�+,.1F"�& # .&N;'�(+,. 

_good GNก�%.1 

Goto #I$F*�กก��  ��+,.1��ก����)?�!1�� 

work GNก�%.1 

break #I$F*�กก��  ��+,.1��ก����)?�!1�� 

��+����� 2.3 ����1:!$1���.&;�189,GNก�%.1:*45";GNก�%.1'�ก����71(+,.���:��'�W�w�-9 

��A
�+>l�@+��Y�<�A�C 

     '�W�w� C 5";"9ก��ก?�F�$(�I$2.1���:��!?�F�� 2%.)��"0$&��1  :�;�4'(%ก��ก?�F�$(�I$
2.1���:��.�ก2�4 (char) �;�"ก� ก��ก?�F�$2��$:8�  :*4�4��9&ก���:��!?�F�� �ก% 2%.)��"
�;�  ���:��!��I1 (string) �N�:  ก����4ก�]���:��!��I1:!$15$%$�1�97 

char name[n] = "str"; 

name (+,.2.1���:�� 

n 2��$2.12%.)��" F�+.�?����.�ก2�4'�2%.)��"  

str 2%.)��"��I,"�%�89,�4ก?�F�$'F%ก� ���:��-H,1�%.1�29&�5�%W�&'��)�+,.1F"�& "  "  

���.&;�1ก����4ก�]���:��!?�F�� �ก3 2%.)��"  :!$15$%$�1�97 

char name[5] = "kwan" 
;  

!�%�1���:�� name !?�F�� �ก3  2%.)��" kwan -H,1"9  4 ���.�กw� $�1��7� 
name �%.1"92��$ 5  
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char year[5] = "2549";  
!�%�1���:�� year !?�F�� �ก3  2%.)��" 2549 -H,1"9  4 ���.�กw� $�1��7� 
year �%.1"92��$ 5  

char product_id[4] = 
"A01"; 

!�%�1���:�� product_id !?�F�� �ก3  2%.)��" A01 -H,1"9  3 ���.�กw� 
$�1��7� product_id �%.1"92��$ 4  

 



 

 

����� 3  

��	
�	ก�
�������
�	������	��	ก�
����	�	
�	 
 

3.1 ��	
�	ก�
�������
�	 

 
��
�
��� 3.1   �����������	 
�	 ��
����
����� 
 

����
����� ����	���1 ����	���2 ����	���3 ����	���4 

��������

���
�������� ���

!
�"� 

                                  

                                  
�#ก%�������
���&�'���

�(���)*��ก�	
ก��+,"�+-�	 

                                  

                                  
��.���"�

�������� 
/0.1 

                                  

                                  

����'
��������  

                                  

                                  
�ก-2���

)��')�3�
�(��.���. 

                                  

                                  

 

3.2 
���������� 


�	���!�"
��#��$#�� 
 - 
���	
�������������� /0.1�1
.ก�	ก�'(	�ก��	5	���	 6 ���2�-��'.�'0.�� 

- �#ก%��ก���
ก�'���&�'����(���)*��ก�	ก��.�)780����������&�'�����
)��')�3��������� 
2.1/0-��'+-�	ก�'�������2�-!����&�'���2
-��-
 �1
.ก�'(	�ก��	5	���	 6 ���2�-��'.�'0.�� 
-�#ก%�9)�9�5�����/:-��������
0
1����
��9.�ก�'��
� 
- �#ก%���
��-��'�.0��กก���"���	��� Capacitive Touch Sensing 2.1
1�!
�)K	 
Capacitive Sensing Module (CSM), Capacitive Voltage Divider (CVD) ��
 Charge 
Time Measurement Unit (CTMU) �1
.ก�	ก�'(	�ก��	5	���	 6 ���2�-��'.�'0.�� 
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-!��0� Part List ����)K	2)2�-���!
/:-/	��9.� 
-5�� interface /	��
����!
/:-�1
.ก�	ก�'��9.���
�
��: '	��
� 
-�"��������� �-	�''��,�0.�2.1
1�!
�)K	ก��'��9.�, PCB ���/:-/	��9.� !���"�:3�����
�
��: /	�1
	�����
��1
.ก�	ก�'(	�ก��	5	���	 6 ���2�-��'.�'0.�� 
-����	9)��ก�.��/	2.95�5�	9������ ���/:-ก�'��
��9.�9���#���.0��กก��
9)�9�5�����2�-�#ก%�2
-�-���-	 ����	9)��ก�.���/:-�"�0��'�
��: '	�1
	�����
���

�����/:-��	 

 

3.3 ���	��	ก�
����	�	
�	� 


�	         
       3.3.1 %�
�	%��
����&�'()����"�
ก�
 
                �	����!�ก����-��ก��/0-�������� /0.1����"��#,	.�/0-�\-2�-5
�.�\-�#ก�����ก�1���.���2�-/:-
��	 !#��-��5��ก1�	
1��"���1��2�/0-�\-/:-/:-��	2�-��1���
�
ก��
�1������3� 0���!�ก	�,	!#�0�
�&�
���
1�!
�"���1��2����!
2�-.�+#���������� ��������,��)*�2
- 
      3.3.2 *+ก,��
-��
.��/����
 

     �	����!�ก)7!!3'�	ก���"��������� 	�,	.�)780�]*���-�����������&�'���.�ก.��0���ก��� 
�(���0��ก������)780����!
�ก���#,	!#��-��.�ก���#ก%���
)��')�3�2.1/0-�������� ���!
�"��#,	.�/0.1
	�,	�ก��)780�]*���-���#,	2�- 9���#ก%�!�ก�
̂'2+�  http://www.google.com/patents /	0�
�-����
�	/!��
�\���0�
�-� What is clamed is 
1���'+-�	ก�'�������ก"����!
�"�0���2.1 

 

0���� 3.1 Multi-Touch Gesture Dictionary Patent 
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0���� 3.2 Multi-Touch Gesture Dictionary Patent What is claimed is 

 
     3.3.3 *+ก,���
�� ����DE".-��.�

�$%F�

��#������%�  

 ก�����!
�������ก�'��
��
�(�	�9+	�52�-	�,	!"��)K	!
�-��/:-9)�9�5�����(�	�9+	�
5���!#�!
��.��e���������
����ก����
��
�(�	�9+	�52�- !#�!"��)K	���!
�-���#ก%�9)�9�5�����
��
�(�	�9+	�5 (��,�	�, 9)�9�5����/:-��������
0
1����9.���
��
����(�	�9+	�5/	��1�
5"��������
/:-/	ก������ก����
�
1�)3f./��-���1���88��'���''20		�,	�)K	�-�.\�5
�.��'���'��%�� ���
�\-!���"�!#�����
	�-�.\�	�,2
-�)K	5
�.��') 
 
      3.3.4 *+ก,������"���
#�ก���%ก��$��กก�
���
�	��
 Capacitive Touch Sensing 
  �	����!�ก��59	9��� Capacitive Touch Sensing .�0�����59	9���2.1
1�!
�)K	 Capacitive 
Sensing Module (CSM), Capacitive Voltage Divider (CVD) ��
 Charge Time Measurement Unit 
(CTMU) ��1�
��59	9���ก^�1��.���,�!3�����
!3��-��/	��
��� !#��-��.�ก���#ก%�
1�5
�!
	"�
��59	9����1
	20	.�/:-ก�'��������  +#��)7!!��������	"�.�����ก/:-�
'' CVD �	����!�ก .���5����
e\ก��
�-��/:-�-	�3		-��ก
1��'' CTMU +#��!
�-������� Current Source (�0�1�!1��ก�
��) �(��.
/	�1
	����3)ก�� ���	�ก��� ��ก��,���
:�)��� ก^���.���5�����(�ก
1��'' CVD ��ก��,����ก�	
(�����	.�กก
1��'' CVD  �1
	�'' CSM 	�,	.�)780�����-�	 noise (��88���'ก
	) ���e\ก
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�'ก
	2�-9���1�� �	����.�!�ก�����5���	�)K	0��ก 0�ก.�5���	���	 6 ���ก��-�.�!
�"�/0-ก����'
��88������(�,�	2)2�- 
 
 �������� 3.2 ������)���'����'�-��������1�
�
''��� Capacitive Touch sensing 
 
 

CVD CTMU CSM 

1. Low 
power(nA) and 
noise 

1. Low noise 1. Voltage drop by 
battery will not have any 
effect to result 

2. Fast response 
time 

2. Very fast response time 2. Lowest power and 
cost 

3. Used in both 
systems (line, 
battery) 

3. Used in both systems (line, battery)  

4. Easy to 
implement 
(Code) 

4. Easy to implement (Code)  

5. Can detect 
under solution 
on surface 

5. Can detect under solution on surface  

 6. Can endure frequency at +6 Vrms  

 
  
 
 
 

Advantage point 
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�������� 3.3 ������)���'����'�-����� �����1�
�
''��� Capacitive Touch Sensing 
 

CVD CTMU CSM 

1. Voltage drop in circuit 
will cause sensing problem  

1. Use power (uA) for 
constant current source 

1.  Frequency noise at sensor input 
and timer1 input will cause 

sensing problem 

2. Cannot use in high bit 
architecture MCU 

2. Voltage drop in 
circuit will cause 
sensing problem 

2. Hard to implement (Code) 

 3. 2 external pins are 
provided to trigger the 

current source. 

3. Hard to detect under solution on 
surface 

 4. Highest cost 4. Can use only battery-powered 
system. 

 
 �������� 3.4 ������)���'����'53��.'��� �����1�
 Chip  

MCU PIC18F46J11 PIC18F1XK22 PIC16LF1826 PIC16LF707 PIC16LF1516 

operating voltage 2.0-3.6 1.8-3.6 1.8-3.6 1.8-3.6 1.8-3.6 

Deep sleep mode 13nA - - -   

sleep mode 105nA 34nA 30nA 20nA 20nA 

Idle 2.3uA - -     

Run 6.2uA - -     

Watchdog timer 813nA 460nA 500nA 500nA 600nA 

I/O PORT 23 (10pin 5V) 17 15   35 

SPI port 2 1 2 1 1 

Cap CH 13 12 12 14 28 

SYSTEM CTMU CTMU CSM CSM CVD 

Disadvantage point 
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0���!�ก���2�-�)���'����'��-
!#�����ก���!
/:-
�&� CVD �	����!�ก.���88���'ก
		-��ก
1��'' 
CSM ��1�����5�e\ก��
ก�	2]	-��ก
1��'' CTMU !�ก	�,	!#���-��'�.���'��%�� Arizona 
Microchip Technology (Thailand) Co., Ltd. �ก���
ก�'ก���"� Capacitive Touch Sensing 
 
  3.3.5 W����� Part List ��������Y	!�!�"���W�DE"D	
��#� 

 5��:�,	�1
	����)K	2)2�-��,�0.����!
/:1��2)/	��9.��"���/	������(�������'��5���

���������������2�-�1�����	 
  3.3.6  �� interface �	��%����DE"
F%#ก�	ก��
��#����.%��E)���D$#F 
 �	����!�กก���"���9.���
�
��: �''/0.1	�,	!
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0���� 3.3 Flow Chart ������,	��	ก���"���	���9)��ก�.��9.�1 
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0���� 3.4 Flow Chart ������,	��	ก���"���	���9)��ก�.��9.�2 
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 Get Reading 

Set Charger pin as digital 

type pin 

Set charger pin to logic high to 

charge 

Point ADC to charger pin 

Set Charger pin as 

output 
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0���� 3.5 Flow Chart ������,	��	ก���"���	���9)��ก�.��9.�3 
 
 
 
 
 
 
 
 
 

 Get Reading 

2 

Grounded sensor 

Begin the conversion 

Keep conversion result to the variable 

Multiply variable to make easy to 

thresholds 
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0���� 3.6 Flow Chart ������,	��	ก���"���	���9)��ก�.��9.�4 
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0���� 3.7 Overview Block Diagram 

 

3.3.9 ����
DE"
�	����
���
b
�ก"!��c��#���#  
 �����/:-��	�������� ����"��#,	.�9�������/:-ก�'��
�(���.1�9��/:-]7�ก :��	)3f.�1�� 6 
2�-�0.��	��9.�)ก����
�ก-2��1
	���(�������ก���#,	/	��
��������  9������.!�กก�������ก��
�		,"�����+	�+��  +#��!�กก���#ก%���-
('
1� ก�����0��	,"���'	��
�+	�+�� 	�,	 �"�/0-51�5
�.
�1����ก� ��� ADC �1�	51�2�-	�,	 .�51��\��#,	ก
1���	����+	�+�� 2.12�-e\กก���
�0-� +#��!
/0-�����
�1��ก�	ก�'ก������\-/:-��	ก���2)����+	�+��  !
�"�/0-2�-51� 5
�.�1����ก� ��� ADC �1�	2�-	�,	
	-���� !#���,�51�ก���"���	���ก���1���88����9.� ก^�1��.��� ADC �1�	51�2�-	-��e#�51����
ก"�0	���1�	�,	!#�!
�"���	  
 /	ก��)��')�3�/	�1
	��� Lay out (ก���ก�''���������) 	�,	/	�1
	����\)�1�����
)3f.	�,	2.12�-�"�5�8.�ก��1��������"�5�85��(�,	���'	��
)3f. �(��
����.�(�,	.�กก^!
�����ก^')�
!32�-.�ก 
�"�/0-��.��e��'�\-ก���)����	�)��2�-��ก
1�(�,	���	-��+#���)K	2)��.�.ก�� 

 
�\)��� 3.8 Capacitance Equation 
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0���� 3.9 Example pad size and shape 

 
/	ก���"���9.���
�
��: /	�1
	���5�'��	�	�,	�
��: ������/:-!
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2.1
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���������� ���
�!�����"ก��!�

����������ก��	
�
�
�#��$!��
���#
%�	&ก'��ก�� ���#'(�������� ��)*��ก+����������������"��*ก
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long int SomeFunction(); 
/* int OtherFunction(); */ 
  
/* int */ CallingFunction() 
{ 
    long int test1; 
    register /* int */ test2; 
  
    test1 = SomeFunction(); 
    if (test1 > 0) 
        test2 = 0; 
    else 
        test2 = OtherFunction(); 
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    return test2; 
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