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sensorSystem sensorReading;

which uses the union tag name sensorSystem to define sensorReading. 
The union defined as sensorReading is big enough to hold any one of the three sensor types, but only 

one at a time. In other words, you can place a float into the union and then read it back using the code:

float currentFloatSensorReading = 51.25;
sensorReading.tempFloat = currentFloatSensorReading;  // move data into the union
// some more code...
currentFloatSensorReading = sensorReading.tempFloat;  // get the data back from the union

Note how the dot operator is used to reference the appropriate union member. The dot operator works 
much the same as it did for structures. If you wish to read an int from the union, then the statement might 
be:

currentIntSensorReading = sensorReading.tempInt;

The advantage of a union is that you can move different types of data into and out of a single union 
variable. Also, the union only uses 4 bytes of memory, whereas the discrete variables would use 8 bytes of 
memory. (A union is always allocated just enough memory to hold the largest data item that is a member of 
the union. If the union were to hold a servicePerson structure discussed earlier, the union would use 36 
bytes of memory. That is still less than the memory required if discrete variables were used.) That’s the 
good news.

The bad news is that it is your responsibility to keep track of what is currently in the union. If you place 
a float into the union and then access the union using the int member as shown below

sensorReading.tempFloat = 55.33;
// some code...
int  myInt = sensorReading.tempInt;

then you are going to end up with “half a float” in myInt although you think you have accessed an int. 
Usually such foot-shooting code is fairly easy to debug, but nonetheless, the danger still exists. Some 
programmers define a set of enums to reflect which data type is currently in the union to avoid such 
confusion. Just remember, apples in, oranges out almost always leads to unwanted surprises when you are 
using unions.

EEPROM Memory
In the previous sections of this chapter, you have discussed how to organize service company data into a 
struct. You then learned how to store that data in an array of structures. However, it doesn’t do a whole lot 
of good if the company data disappear each time the power is removed from the mc board, either on 
purpose or by accident. In this section, you will learn one way to persist the data even if power is lost.

As you learned from Table 1-1, each Atmel-compatible mc board has a specific amount of flash, 
SRAM, and EEPROM memory available. Both the flash and EEPROM memory are non-volatile, which 
means those types of memory do not lose their data when power is removed. You have also learned that 
data with global scope are allocated in SRAM memory with any initialize values copied from flash memory 
to SRAM. 

The bad news is that global data can be contaminated more easily than data with a more restrictive 
scope level (e.g., local scope). Because every element in the program has access to global data, it can be 
difficult to isolate the section of code that is contaminating the data. If you move the data inside a function 
body, then scope is now limited, but the data are now allocated on the stack. Because there is less SRAM 
than flash memory and because SRAM is volatile memory, the array is not persisted when power is lost. 
One way to address this problem is to start using EEPROM memory.
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Up to this point, our sample programs have not used EEPROM memory. It is not that we have avoided 
the stash of EEPROM memory. Rather, our programs have been so simple that we have never impinged on 
the memory limits so there was no need to use it. Also, we have kind of avoided using it because EEPROM 
memory is relatively slow. 

Usually, EEPROM memory is used to store configuration data. The configuration data could be 
anything from terminal baud rates for I/O communications to data that are required to initialize program 
sensors. As we pointed out before, EEPROM has a finite number of erase/write cycles in which the 
EEPROM can reliably erase and write data. Although a million such cycles may be possible, most 
developers assume EEPROM develops a mind of its own after approximately 100,000 cycles. Although that 
may sound like a lot of cycles, if you update a variable that is stored in EEPROM once every second, then 
the program runs the chance of getting flaky in less than 2 days. Still, if the data are rarely changed, as is 
likely the case with our servicePerson array, EEPROM memory may be a viable alternative. 

Using EEPROM
The Arduino IDE comes with an EEPROM library, which you can find in the Libraries directory where you 
installed your Arduino software. You should spend a little time reading up on the EEPROM library and its 
example code.

Data Logging
In the following discussion, our comments are directed to the “on-board” EEPROM and not any external 
EEPROM that may be sitting on a shield or other external device. EEPROM memory is not an optimal 
choice for data logging for several reasons. First, because EEPROM is fairly slow, it may not be able to keep 
up with whatever device is feeding it data. Second, data logging is usually a sequential process. This means 
maintaining a pointer to where the next byte of logged data is to be written. If this pointer is maintained in 
the EEPROM memory space, it can become unreliable because it may need to be updated (i.e., an erase/
write cycle) fairly frequently. Also, the amount of EEPROM data is usually quite limited and there just may 
not be enough storage to be useful. Finally, EEPROM memory behaves like a ring buffer. That is, if your 
board has 512 bytes of EEPROM and you try to write to address 512 in EEPROM memory, then it simply 
“wraps around” to EEPROM address 0 and writes the data. (The valid EEPROM addresses are 0 through 
511, right?) Clearly, if you need whatever was stored at address 0, you have a problem. Because of these 
limitations, data logging programs frequently use an external device for storage of logging data.

For the moment, however, assume you have a limited data set to preserve and you think EEPROM 
might be a good place to store it for now. Let’s see how that might work. Rather than presenting a single 
long code listing, we are going to break it down so we can keep the relevant code visible while discussing 
that code. Also, the example is contrived because we start out with the data stored in SRAM memory and 
then move it to EEPROM memory. Clearly, this doesn’t help solve a memory limitation problem. However, 
the example does show you a number of things you need to address when you use EEPROM memory.

Our design is to save the information on 10 service companies. We want to keep information in the 
servicePeople structure but store it in EEPROM. Listing 10-4 shows the global data definitions and 
declarations, the setup() loop code.

The first statement in Listing 10-4 is a #include preprocessor directive to read in the EEPROM.h header 
file. This file contains information the compiler needs to properly work with the EEPROM library. The 
#define DEBUG preprocessor directive is used to toggle debug print statements into and out of the code. You 
can see examples of this in the setup() loop. For example, the statements:



185

CHAPTER 10 ��STRUCTUREs, UNIONs, AND DATA STORAGE

#ifdef DEBUG
  Serial.print("EepromMax = ");
  Serial.println(eepromMax);
#endif

cause the Serial.print() statements to appear in the program only if DEBUG is defined for the program. 
Because the code does have a #define DEBUG 1 preprocessor directive at the top of Listing 10-4, the print 
statements are compiled into the program. If you comment out the #define DEBUG 1 directive, then DEBUG is 
no longer defined and the Serial.print() statements are omitted from the program. Such code is 
commonly called scaffold code, because it is “toggled out” of the program after debugging is completed, 
much like scaffolding is removed once a building is finished.

Listing 10-4. The setup() loop Code

/*
 Purpose: To write data to EEPROM memory.
  Dr. Purdum, Aug. 27, 2012
 */
#include <EEPROM.h>
#define DEBUG 1				    // We want to see debug print statements
					     // Comment out these lines to avoid seeing print 
statements
const int MAXPEOPLE = 10;
struct servicePeople {			   // Structure definition for servicePeople
  int ID;
  char Name[20];
  char PW[10];
  long Phone;
};

union servicePeopleUnion {			   // A union definition for myUnion
  int testID;
  struct servicePeople testServicePeople;
} myUnion;
servicePeople myPeople[MAXPEOPLE] = {	 // company data for testing
  {0, "This is a dummy","admin",5555555},
  {101,"Kack Lawn Service","Clowder",2345678},
  {222,"Jane's Plants","Noah",4202513},
  {333,"Terrys Pool Service","Billings",4301832}
};
// function declarations:
void DataDump(struct servicePeople temp);
int FindEepromTop();
int ReadIntFlag();
void ReadOneRecord(int index);
void WriteFirstRecord();

int loopCounter = 0;  		  // Number of passes to make through loop
int initFlag = 0;     		  // Has the EEPROM been initialized?
struct servicePeople temp;		  // A temporary structure 
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int FindEepromTop()
{
   return E2END + 1;
}

If you try to write to an EEPROM address that is higher than the EEPROM that is available, then the 
address pointer to the EEPROM circles back to address 0. That is, if you try to write to memory address 512 
and your board only has 512 bytes of EEPROM, then it will quietly write the byte of data at memory 
address 0 in the EEPROM memory space. The reason is because, if you only have 512 bytes of EEPROM, the 
valid addresses are 0 through 511. Trying to write to address 512 “wraps around” back to the first memory 
address. The EEPROM memory space, therefore, behaves as though it is a ring buffer.

Next, the code reads the first bytes of memory to determine whether the array has been copied to 
EEPROM. The code for the ReadIntFlag() is presented in Listing 10-6.

Listing 10-6. Source Code for ReadIntFlag()

/*****
  Purpose: This function reads the first two bytes of EEPROM and
          returns the integer found there.
  Parameter list:
    void
  Return value:
    int          0 if no records in EEPROM, 1 if there are
*****/
int ReadIntFlag()
{
  int *ptr = &myUnion.testID;
  *ptr = EEPROM.read(0);
  return myUnion.testID;
}

The ReadIntFlag() shows how simple it is to read EEPROM memory. The EEPROM library that is 
distributed with the Arduino IDE only has two EEPROM functions: read() and write(), although the 
examples for the library also show how to clear EEPROM memory. (Coupled with the FindEepromTop() 
function presented in Listing 10-5, a ClearEprom() function could easily be added to the library.) The 
ReadIntFlag() function initializes an int pointer to the lvalue of the testID member of the union named 
myUnion. The read() function is to read the first 2 bytes of EEPROM memory. Because ptr points to the 
testID integer variable in the union, the first member of myUnion stores whatever it finds at EEPROM 
addresses 0 and 1 as an int. (Treating those 2 bytes simply as an object rather than a specific data type 
allows us to abstract from the LittleEndian/BigEndian problem, which is a can of worms we don’t need to 
discuss here. If you wish to explore this issue further, simply Google endian problem.)

If ReadIntFlag() returns 0, you know that the myPeople[] structure array has not been read into 
EEPROM memory. As you can see in Listing 10-4, the code does return a value from the ReadIntFlag() 
function call, but the code does not do anything with the value. The code makes the call simply to show 
you how it works. If you wanted to avoid copying the data into EEPROM memory (perhaps for a second 
time), you could test the return value from the call to ReadIntFlag() to decide whether to copy the 
myPeople[] array. The code in Listing 10-4 simply copies the array to EEPROM via the call to 
WriteOneRecord(). The code for the function appears in Listing 10-7.
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Listing 10-7. Source Code for WriteOneRecord()

/*****
  Purpose: This function writes one record from the myPeople[] array
        to EEPROM
  Parameter list:
    int index      The element of the myPeople[] array to write
  Return value:
    void
*****/
void WriteOneRecord(int index)
{
  byte *b;
  int i;
  int offset = index * sizeof(servicePeople);
  
  b = (byte *) &myPeople[index];    // Going to write this record
  for (i = 0; i < sizeof(servicePeople); i++)
    EEPROM.write(i + offset, *b++);
}

The WriteOneRecord() shows how to use the EEPROM write() function. The function accepts an index 
into the myPeople[] array as the only parameter to the function. The byte pointer, b, is initialized to point 
to the lvalue where this element of the myPeople[] array exists in SRAM memory. It does this by using the 
address of operator. The variable offset is necessary to calculate the lvalue of where this particular 
element into which the myPeople[] array should be copied in EEPROM memory. The call to EEPROM.
write() then writes each byte of the array element to EEPROM memory. The expression2 of the for loop 
dictates how many bytes are written. The sizeof(servicePeople) expression, therefore, ensures that only 
36 bytes are written to EEPROM memory. The call to WriteOneRecord() is called MAXPEOPLE times (i.e., 10) 
although only the first four elements contain any useful data. Notice how offset makes sure the new data 
are copied to the correct lvalue in the EEPROM memory space. If this isn’t clear, then keep studying the 
code until it is. 

After the for loop finishes copying the data to the EEPROM memory space, the program falls into the 
loop() function for further processing. Listing 10-8 shows the code for the loop() function. The first 
statement in the function defines and sets the eepromIndex variable to 1. This is done because you know 
the first record contains no useful information. Therefore, you are only interested in what follows the first 
record in the myPeople[] array.

Listing 10-8. Source Code for the loop() Function 

void loop()
{
  static int eepromIndex = 1;  // Assume there are records
  loopCounter++;
  if (initFlag > 0) {  // There are records to read
    ReadOneRecord(eepromIndex++);
    if (myUnion.testServicePeople.ID != 0) { // Read some real data
       DataDump(myUnion.testServicePeople);
    }
  } else {
    eepromIndex++;	 // Make sure loop can end with no records.
  }
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#ifdef DEBUG
  Serial.println("==========");
#endif
  if (eepromIndex == MAXPEOPLE) {
    TerminationStep();
  }
}

There is not a whole lot going on in the loop() function. The variable initFlag tests to determine 
whether the data have been copied to the EEPROM memory space. Because this is the case, the program 
calls ReadOneRecord(eepromIndex) to read a record from EEPROM. The code for ReadOneRecord() is 
presented in Listing 10-9.

Listing 10-9. Source Code for ReadOneRecord()

/*****
  Purpose: This function reads one servicePerson record from
        EEPROM
  Parameter list:
    int index    The element of the myPerson[] array to read
                from EEPROM
    
  Return value:
    void        
*****/
void ReadOneRecord(int index)
{
  byte *bPtr;
  int i;
  int offset;
  
  offset = index * sizeof(servicePeople);  // must offset from 0 in EEPROM
  bPtr = (byte *) &myUnion.testServicePeople;          // where to place the data read
  for (i = 0; i < sizeof(temp); i++) {  // Loop through the bytes...
    *bPtr = EEPROM.read(offset + i);
    bPtr++;
  }
}

The code is very similar to Listing 10-7, only this time you are reading, rather than writing, the data. 
Variable offset is necessary to place the byte pointer, bPtr, at the correct lvalue in the EEPROM memory 
space. Once bPtr is properly set, the code reads sizeof(servicePerson) bytes of data (36 bytes) from 
EEPROM into the union myUnion. Obviously, we want these data to be copied into the servicePeople 
structure of the union, which is why bPtr is set to the address of myUnion.testServicePeople. Notice how 
offset is used so the proper data are read.

Upon return from the call to ReadOneRecord(), the code checks to see if the myUnion.
testServicePeople.ID is non-zero. If that is true, then the DataDump() function is called and...

Whoa! Back up the boat...
Why are there two dot operators in the statement:

    if (myUnion.testServicePeople.ID != 0) { // Read some real data
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Why not? This statement is a little like one of those Chinese box-within-a-box-within-a-box thingies. As 
you know, a union is a data structure that is like a black box that needs a key (dot operator) to “get inside” 
the union data structure. So, you pull that key out and open the union door and walk in. What do you see? 
You see an int named testID and another black box named testServicePeople. You also know you need a 
different key (another dot operator) to get inside the testServicePeople structure. Therefore, to do 
anything useful with the contents of the testServicePeople structure means you need two sets of keys 
(dot operators) to get to the data that are obscured by two black boxes. This is why there are two dot 
operators—you need to get inside both the myUnion and testServicePeople data structures to look at the 
structure member named ID.

There is no practical limit as to how many “boxes-within-boxes” levels can be used in a statement. 
Many years ago I worked with a (poorly designed) database structure that required 13 dot operations to get 
to the data I needed. Although this is an extreme (RDC) case, you should not go into cardiac arrest when 
you see a bunch of dot operators in a statement. Simply keep the black box concept in mind and pay 
attention to what you are entering with each key (dot operator) and you should have no difficulty figuring 
things out.

Eventually, the DataDump() function is called to display the data that were just read. Listing 10-10 
presents the code. 

Listing 10-10. Source Code for DataDump()

/*****
  Purpose: Sends the data stored in parameter to the serial monitor
  Parameter list:
    struct servicePeople temp    // The data to be displayed
  Return value:
    void        
*****/
void DataDump(struct servicePeople temp)
{ 
  
    Serial.println();
    Serial.print("ID = ");
    Serial.print(temp.ID);
    Serial.print("  Name = ");
    Serial.println(temp.Name);
    Serial.print("  PW = ");
    Serial.print(temp.PW);
    Serial.print("  Phone = ");
    Serial.println(temp.Phone);
}

As you can see, all the DataDump() function does is send the contents of the myUnion.
testServicePeople structure that was just read from EEPROM memory. In a real application, the 
myPeople[] data would be used for some form of additional processing rather than just dumping to the 
serial device. Still, the program does show how to use EEPROM memory to store data that need non-
volatile storage. A sample run of the program can be seen in Figure 10-7.
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Although EEPROM offers one way to persist data when the power is removed, the limited amount of 
EEPROM memory that is on your board simply may not be enough to meet your needs. If that is the case, 
what other options exist?

Other Storage Alternatives
There are a number of ways that you can increase the amount of data storage available for an Arduino-
compatible board. Data logging, for example, is a common use for mc, but an Arduino is likely going to 
need some help if large amounts of data are to be stored.

Shields
One inexpensive alternative is to add an EEPROM shield to your mc board. A shield is an additional board 
that can be attached to the mc board either directly or through cabling. Several companies offer EEPROM 
shields that use the I2C Wire library to communicate with the main mc board. Small 32K EEPROM shields 
can be found for less than $10, whereas a 256K EEPROM shield can be found for less than $20. A quick 
search on the Internet should turn up several alternatives for you. (A small 32K EEPROM module and some 
Arduino C code to use it can be found at http://www.dfrobot.com/wiki/index.php?title=EEPROM_Data_
Storage_Module_For_Arduino_(SKU:DFR0117).) 

Another alternative is to use an Secure Digital (SD) card. Figure 10-8 shows an example. Figure 10-8 
shows that the shield is fairly small when compared with a ballpoint pen. 

Figure 10-7. EEPROM program sample run.
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Figure 10-9 shows the same SD card inserted into the shield and the shield “stacked” onto an Arduino 
mc board. 

Figure 10-8. An SD card and shield.

Figure 10-9. Stacked SD shield and board. (Shield and �c board courtesy of Seeed Studio.)
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If you read the comment in the stdio.h header file, you will discover that the purpose of this 
statement is to mask off the end-of-file bit to see if the end of file (EOF) has been read. The statement uses 
a pointer to read the value of the flags variable and then masks off the sixth bit to determine whether EOF 
was read.

Why use a parameterized macro? The reason is because macros generate in-line code, thus saving the 
overhead of a function call. If the macro is found in a tight loop, then the time saving could be noticeable.

Summary
In this chapter we added a little more detail to the preprocessor directives that are available to you. You 
also learned about parameterized macros as they are sometimes found in various header files. Also, you 
learned how to use the bitwise operators. Understanding how bitwise operators work is often needed 
when communicating with external devices over some form of data link.
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Exercises
1.	 Write a preprocessor directive that sets pin 14 to OUTPUT if the development 

system is using Windows to host the compiler or to INPUT under any other host 
system.

2.	 Suppose you have written some macro that you want to include in your 
program. They are currently stored in a file named myheader.h. How would you 
write the statement to include the header file?

3.	 If you have an integer value k and wish to multiply it by 2 and assign the result 
into variable j, then what statement would you use?

4.	 What types of data would you consider using for bitwise operations?

5.	 An external device returns data in the lowest 6 bits of a data byte. The top 2 bits 
can be ignored. How would you write the code to extract the data?

6.	 If you perform a bit shift operation that shifts bits “off the end,” where do those 
bits go?
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Arduino Libraries

In Chapter 11, Table 11-1 presented a number of standard C header files that are available for use in your 
programs. Most of these header files are used in conjunction with their associated Standard C library and 
the functions they hold. A C library is nothing more than a group of (often related) functions that have 
been pre-compiled into what is called a library file.  Conceptually, you can think of a library file as being 
organized like a book. At the front of the file is an index of each function in the library, followed by an offset 
that tells where the code for that function can be found. One of the beautiful things about C is that you are 
not bound to a set of built-in routines for doing things like math, I/O, or other commonly performed tasks. 
If you do not like the way something is done by a function in a library, then you are free to write your own 
function. In this chapter we want to point out the library routines that are routinely shipped with the 
Arduino C compiler.  In this chapter, you will learn

•	 The definition of a library 

•	 Which libraries are standard with the Arduino C compiler 

•	 How to create your own library

Let’s dig right in and expand your knowledge about C libraries.

Libraries
It is useful to divide the libraries that you have available to you into two groups: 

•	 Libraries that form the  Arduino libraries and are distributed as part of the  
Arduino IDE

•	 All other libraries

Let’s start with the Arduino libraries. 

Arduino Libraries
To obtain information about the Arduino libraries, click the Help menu option in the Arduino IDE, then 
select the Reference option. In a moment, you will see a page similar to that shown in Figure 12-1. If you 
look closely in the figure, you will see the cursor sitting on the Libraries link near the top of the page. Click 
on the Libraries link.
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After clicking on the Libraries link, you will see a page similar to that shown in Figure 12-2. The 
libraries that are visible in Figure 12-2 are the libraries that are provided and supported by the Arduino 
IDE. You will often hear these libraries referred to as the Arduino core libraries. In addition, there are a 
number of libraries that have been contributed to the Arduino support team and have been judged useful 
enough to be included in the libraries distributed with the Arduino IDE. These libraries are normally 
referred to as Arduino contributed libraries. What follows is a brief description of each of these two library 
groupings.

Figure 12-1. The Arduino Reference Page
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The Arduino Core Libraries
Table 12-1 presents a list of the Arduino core libraries. These are libraries that are supported directly by 
Arduino C support group. It serves no real purpose to rewrite the documentation for each of these 
libraries. 

Table 12-1. Arduino Core Libraries

Library name Description
EEPROM Functions to read and write to EEPROM memory

Ethernet Functions for using Arduino compatible Ethernet Shields

Firmata Functions for communicating with external devices using a standard serial 
protocol

LiquidCrystal Functions used in conjunction with LCD displays

SD Functions for reading and writing data to Secure Digital cards

Servo Functions to control servo motors

SPI Functions for communicating with Serial Peripheral Interface Bus devices

SoftwareSerial Functions for serial communications using any digital pins

Figure 12-2. Arduino Libraries
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You can read up on these libraries yourself using the Arduino documentation as the need arises. 
However, that being said, there are some things that can pose some stumbling blocks along the way. For 
example, there are a number of Arduino-compatible shields (peripheral boards that plug into the Arduino 
mc boards) that use these core library routines. For example, I have used the SD shield and was lucky in 
that it worked on the first try. Another programmer friend of mine used the same identical shield but with 
a different SD card, and he couldn't even format the card. When I gave him my SD card, his code worked 
perfectly. The long and the short is that some SD cards simply do not work in some SD shields. The 
question then becomes: How do you find out which cards work and which don't? Indeed, how can you 
avoid common stumbling blocks that may arise when using these contributed libraries?

Using the Forums

The first stopping point you should visit at the outset of any new project is http://arduino.cc/forum/. This 
forum covers a multitude of Arduino topics, as can be seen by the partial listing in Figure 12-3. You will find 
discussions on everything from using the Arduino to suggestions for improving the Arduino itself. This is a 
real time-saver, and you should consult it anytime you begin a new project. Many times I have found hints, 
tips, and suggestions that potentially saved me hours of research and trial-and-error time. Also, you will 
discover tips on hardware interfacing issues, like the SD card problem mentioned above, and how to 
resolve them. The Forum should always be visited before you buy any interface device or shield. I am 
positive the visit will save you time and money.

Figure 12-3. Arduino Forum page
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If you look closely at the list of libraries that are available in Figure 12-4, you will notice several 
libraries (e.g., TinyGPS) that are not part of the Arduino Core library set. Where did these come from?

Using a Core Library

Anytime you need to use one of the core libraries, simply use the Sketch  Import Library menu option, as 
shown in Figure 12-4. This will alert the compiler to look in the included library for any missing function 
routines used in the program code. If there is a header file associated with the library, a #include 
preprocessor directive is automatically added to your source code file for the appropriate header file. You 
already saw an example of this when you wrote the code in Listing 10-4 from Chapter 10, which #included 
the EEPROM.h header file.

Figure 12-4. Importing a library routine.
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Click on that link and you are taken to the linked page; if you scroll down to about mid-page, then you 
are shown a Download and Installation section, as seen in Figure 12-6. If you click on that link, then you 
can download the new Tone library.

Contributed Libraries
If you reload the Libraries page depicted in Figure 12-2, then you will see a large number of contributed 
libraries. For example, one of the libraries is called Tone. If you click on the Tone link, then you are directed 
to the page shown in Figure 12-5. If you look closely at Figure 12-5, then you will see a note stating: The 
Arduino Tone Library is no longer maintained here. Please go here:” after which is another link to the Tone 
library. 

Figure 12-5. The Tone page.
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Once the file is downloaded, you should extract the files from the zip file into some temporary 
working directory. The extraction produces a Tone folder that holds the set of files that are listed in  
Table 12-2.

Table 12-2. Extracted Directories and Files from the Tone Zip File		

Item Description
examples A directory that contains sample code of how to use the library

changelog.txt A history of changes made to the library code

keywords.txt A text file that tells the IDE how to handle keywords that are used with the 
library.

Tone.cpp The source code used to write the library

Tone.h The header file for the library

The Tone directory should be copied into the Libraries directory. Now close the Arduino IDE and then 
re-open it. Now when you select the Sketch † Import Library menu option, you should see the new Tone 
library in the list of library options. If you click on the Tone library, then your source code file automatically 
has Tone.h added to it.

Almost any contributed library contains a set of files similar to that shown in Table 12-2. The examples 
directory usually contains several examples of how the library can be used and is a great way to learn 
about any new libraries you wish to add to your IDE. Between the examples provided with the library and 
the Forum mentioned earlier, you should have little trouble utilizing a library in your own code.

Other Libraries
Actually, there are “invisible” libraries that hold many useful routines that do not appear in the Arduino 
Library reference. (Many of these library functions are used in conjunction with the Arduino.h header file. 
This header file is automatically read into your program for any program you write, although it does not 
appear in the source code file.) To ferret out these invisible libraries, you need to look into the header files 

Figure 12-7. Download dialog for Tone library.
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that were presented in Table 11-2. Most of these header files are tied to the System V Standard C library 
files. Listing 12-1 is a partial listing of the code from string.h header file. Almost everything you see in 
Listing 12-1 is a function declaration for library functions that you can use in your program. 

Listing 12-1. The string.h header file (partial listing)

extern void *memccpy(void *, const void *, int, size_t);
extern void *memchr(const void *, int, size_t) __ATTR_PURE__;
extern int memcmp(const void *, const void *, size_t) __ATTR_PURE__;
extern void *memcpy(void *, const void *, size_t);
extern void *memmem(const void *, size_t, const void *, size_t) __ATTR_PURE__;
extern void *memmove(void *, const void *, size_t);
extern void *memrchr(const void *, int, size_t) __ATTR_PURE__;
extern void *memset(void *, int, size_t);
extern char *strcat(char *, const char *);
extern char *strchr(const char *, int) __ATTR_PURE__;
extern char *strchrnul(const char *, int) __ATTR_PURE__;
extern int strcmp(const char *, const char *) __ATTR_PURE__;
extern char *strcpy(char *, const char *);
extern int strcasecmp(const char *, const char *) __ATTR_PURE__;
extern char *strcasestr(const char *, const char *) __ATTR_PURE__;
extern size_t strcspn(const char *__s, const char *__reject) __ATTR_PURE__;
extern char *strdup(const char *s1);
extern size_t strlcat(char *, const char *, size_t);
extern size_t strlcpy(char *, const char *, size_t);
extern size_t strlen(const char *) __ATTR_PURE__;
extern char *strlwr(char *);
extern char *strncat(char *, const char *, size_t);
extern int strncmp(const char *, const char *, size_t) __ATTR_PURE__;
extern char *strncpy(char *, const char *, size_t);
extern int strncasecmp(const char *, const char *, size_t) __ATTR_PURE__;
extern size_t strnlen(const char *, size_t) __ATTR_PURE__;
extern char *strpbrk(const char *__s, const char *__accept) __ATTR_PURE__;
extern char *strrchr(const char *, int) __ATTR_PURE__;
extern char *strrev(char *);
extern char *strsep(char **, const char *);
extern size_t strspn(const char *__s, const char *__accept) __ATTR_PURE__;
extern char *strstr(const char *, const char *) __ATTR_PURE__;
extern char *strtok(char *, const char *);
extern char *strtok_r(char *, const char *, char **);
extern char *strupr(char *);

For example, consider the entry:

extern void *memcpy(void *, const void *, size_t);

I typed this into Google and found a reference to the Linux manual for the library documentation 
(http://www.kernel.org/doc/man-pages/online/pages/man3/memcpy.3.html), which is always a good C 
Standard Library source. The description for the memcpy() function reads:

The memcpy() function copies n bytes from memory area src to memory area dest. The 
memory areas must not overlap. Use memmove(3) if the memory areas do  overlap.
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Using the function declaration in conjunction with the Linux description, you should be able to figure 
out what memcpy() does. The System V Standard library wording when describing functions is to use src for 
the source object of a copy and dest as the destination object of the copy. The second parameter in the 
declaration uses the const void * attribute list, which says it must be the source of what is being copied. 
This is true because of the keyword const, which means the function cannot change whatever is being 
pointed to. It would not make sense for this parameter to be a const if the purpose was to copy something 
into it. The const keyword would prevent the copy from taking place. Therefore, the first parameter (void 
*) must be the destination of the copy. 

The term void * is used to denote a “typeless” data type pointer in a function declaration. In other 
words, memcpy() does no type checking during the copy process...it assumes you know what you are doing 
and the pointers all point to valid data! 

The size_t keyword is defined in the cplusplus.com reference as:

size_t corresponds to the integral data type returned by the language operator sizeof and 
is defined in the <cstring> header file (among others) as an unsigned integral type. 

This third parameter in the function declaration, therefore, is n in the memcpy() description, which 
tells how many bytes are to be copied. Voila! You now know about a very efficient standard library routine 
that does fast memory copies. 

You should spend a little time looking at all the header files presented in Table 10-1 plus any others 
you may find interesting in the include directory. There are a lot of good information nuggets contained in 
those header files. You’d be surprised how useful the strtok() function is, even though its name seems a 
bit strange.

Writing Your Own Library
The day will come when you have developed a group of functions that you would like to make available as 
a library. As you know, placing functions in a library is a convenient way to capture the functionality of a 
routine without having the source code directly available in your program. In this section, you will learn 
how easy it is to create your own libraries.

Normally, a library contains more than one function, but there is nothing to prevent you from creating 
a library with just one function. For purposes of example, let’s take the code from Listing 6-1 (repeated 
below as part of Listing 12-3) that calculates whether a given year is a leap year or not; we will convert this 
into a library so we can use it in other programs. Although most standard library routines return the 
Boolean value true or false as the return value for a leap year function, for reasons I mentioned in 
Chapter 6, my leap year returns either 1 or 0.  If you do not like this, then you are free to change it. 

Listing 12-3 also contains code to calculate the day on which Easter falls for a given year. (The specific 
day and month for Easter depends on the lunar calendar so the date varies from year-to-year.) There are a 
number of “magic numbers” in the GetEaster() function that are dictated by the way lunar dates are 
manipulated. I have slept since I understood what these magic numbers are, so I have left them in “as is.” 
The curious readers can research this themselves.

Before we discuss Listing 12-3, however, it makes more sense to discuss the header file used in the 
listing. 

■ Note  Because the Arduino IDE is set up to recognize .ino files, it is often easier to write the header and source 
code files using a simple text editor like Notepad. You can then move the necessary files to a folder in the 
Libraries directory after you have tested the files with a sample program.
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The Library Header File
Perhaps the best place to start is with the header file associated with the library. Listing 12-2 presents the 
necessary format for creating the header file. The very first thing you need to do is decide on a name for 
your library. Obviously, you do not want to cause a conflict with existing libraries, so review those libraries 
that are in the Libraries directory and make up a different name for your library. We will use Dates for our 
library name. 

The format that you must use for the header file is more or less etched in stone. Because of this format 
inflexibility, you should model any libraries you create closely to what is described here. First, most 
libraries start with a comment that tells the name and purpose of the library. That is followed by a #ifndef 
preprocessor directive. This is a bit of defensive coding that prevents someone from “double-including” 
the header file information. Note that the matching #endif is at the very bottom of Listing 12-2. Whatever 
you use for the #ifndef name, you do not want it to collide with any other likely #ifndefs. Usually, it is safe 
to use the library name followed by an “_h”, as in: 

#ifndef Dates_h

Now things get a little strange because the rest of the file uses C++ language syntax, not just C syntax. 
The Arduino compiler is capable of compiling C++ code, and this is the nature of this latest version of the 
Arduino IDE. There is no way to do justice to the C++ language here. Personally, I am a huge fan of object-
oriented programming (OOP), but that is another story. Although we cannot delve into OOP here, you 
already know enough to get things to work in your new library. 

Listing 12-2. The Dates.h Header File

/*
  Dates.h - Library for finding is a year is a leap year
	      and the date for Easter for a given year.
  Created by: Jack Purdum, Sept. 10, 2012
  Released into the public domain.
*/
#ifndef Dates_h
  #define Dates_h

  #include “Arduino.h”     // Not needed for our code, but often included
  
  class Dates
  {
    public:
    #define ASCIIZERO 48          // character for 0 in ASCII

    struct easter {
      int month;
      int day;
      int year;
      int leap;
      char easterStr[11];
    };
    struct easter myEaster;
                      	       // Function prototypes:
    int IsLeapYear(int year);
    void GetEaster(Dates *myEaster);
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  };
#endif

The first thing you need to do is tell the compiler that you are going to compile some information into 
something called a class. A class is nothing more than a template for something (i.e., an object) you are 
going to use in your program. Whatever properties or functions (a.k.a., methods) you place in the class are 
accessed using the dot operator in much the same way you did with a structure. In fact, a class is much like 
a structure, only a class is also allowed to have functions defined within it. The syntax is:

class YourLibraryName {
public:
  // Things you want the outside world to know about
private:
  // The things you want to use but not make available to others
};

In our library, we do not have any private elements of the class so you can leave the private keyword 
out of the header file. The public elements of the class are those data items you do want the outside world 
to be able to use. The first thing I have placed in the public section of the class is a #define for the ASCII 
character 0. As you know, when you touch the “0” (zero) key on your keyboard, an ASCII code is sent to the 
operating system. In this case, the code is the numeric value 48. We are using ASCIIZERO as a symbolic 
constant to get rid of the magic number 48.

Next, we define a structure with the tag easter that holds the members that are used by the Dates 
library. Most of the members are int data types, but the last member, easterStr[], is designed to hold a 
string presentation of a date in the MM/DD/YYYY format. One variable named myEaster is defined as a 
type easter structure. The structure variable is the only property (i.e., public data item) of this class. 
Near the bottom of the class are two function prototypes for the functions (usually called methods in C++) 
that you want to make available to users of your library. These prototypes allow the compiler to perform 
type checking on the functions when they are used in a program. Because this completes our library (and, 
hence, the class definition), there is a closing brace and semicolon for the class declaration and the closing 
#endif for the #ifndef preprocessor directive. That is all that is necessary for the Dates.h header file. Note 
that there is no “executable” code in a header file. 

The GetEaster() function is passed a pointer to an easter structure. It is assumed that the year 
member of the structure has been filled in prior to the call to GetEaster().  A pointer to the structure is 
passed so the function can fill in the month and day for Easter. The function also fills in easterStr[], 
which is a MM/DD/YYYY representation of the date for Easter. Because easterStr[] is null terminated, it 
may be used as a string upon return from the function. 

The Library Code File (Dates.cpp)
The Dates.cpp is a C++ file (hence the .cpp secondary file name) that contains the necessary code to make 
your library functional (see Listing 12-3). The first line of the source file contains a preprocessor directive 
to #include the Arduino.h header file. (In earlier versions of the compiler, this was called Wprogram.h.) This 
header file grants access to the standard data types and constants used by the Arduino C compiler. As 
mentioned before, this header file is automatically added to all of your programs but is not added 
automatically for library source files; you must add it yourself. Immediately after is a #include for the 
header file you just defined, Dates.h. After the include files, the actual code for the library functions is 
written. 

The source code for IsLeapYear() begins with a comment of the same form that you have used when 
you wrote previous functions. The line:

int Dates::IsLeapYear(int year)
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looks a little strange because of the scope resolution operator (::) used in C++. Simply stated, this operator 
makes sure that if any name conflicts arise with other functions, it finds that IsLeapYear() is associated 
with the Dates library. Any C++ book can give you more details about the scope resolution operator if you 
are interested. The actual code for IsLeapYear() has already been discussed in Chapter 6.

Listing 12-3. The Dates.cpp Source Code

#include "Arduino.h"
#include "Dates.h"

/*****
  Purpose: Determine if a given year is a leap year. Algorithm 
           taken from C Programmer's Toolkit, Jack Purdum, Que 
           Corp., 1993, p.258.

  Parameters:
    int year		  The year to test 

  Return value:
    int 		  1 if the year is a leap year, 0 otherwise
*****/
int Dates::IsLeapYear(int year)
{
  if (year % 4 == 0 && year % 100 != 0 || year % 400 == 0) {
    return 1;	 // It is a leap year
  } else {
    return 0;	 // not a leap year
  }
}

/*****
  Purpose: Determine the date for Easter for a given year. 
           Algorithm taken from Beginning Object Oriented 		
           Programming with C#, Jack Purdum, Wrox, 2012. 

  Parameters:
    struct easter *myData    Pointer to an easter structure

  Return value:
    void 		
    
  CAUTION: This function assumes that the year member of the structure holds the
           year being tested upon entry.	
*****/

void Dates::GetEaster(Dates *myData){ // This is line 44
  int offset;
  int leap;
  int day;
  int temp1, temp2, total;
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  myData->myEaster.easterStr[0] = '0';    // Always a '0'
  myData->myEaster.easterStr[2] = '/';    // Always a '/'
  myData->myEaster.easterStr[3] = '0';    // Assume day is less than 10
  myData->myEaster.easterStr[10] = '\0';  // null char for End of string
  
  offset = myData->myEaster.year % 19;
  leap = myData->myEaster.year % 4;
  day = myData->myEaster.year % 7;
  temp1 = (19 * offset + 24) % 30;
  temp2 = (2 * leap + 4 * day + 6 * temp1 + 5) % 7;
  total = (22 + temp1 + temp2);
  if (total > 31) {
    myData->myEaster.easterStr[1] = '4';    // Must be in April
    myData->myEaster.month = 4;             // Save the month
    day = total - 31;
  } else {
    myData->myEaster.easterStr[1] = '3';    // Must be in March
    myData->myEaster.month = 3;             // Save the month
    day = total;
  }
  myData->myEaster.day = day;              // Save the day
  
  if (day < 10) {                 // One day char or two?
    myData->myEaster.easterStr[4] = (char) (day + ASCIIZERO);
  } else {
    itoa(day, myData->myEaster.easterStr + 3, 10);  // Convert day to ASCII and...
  }
  myData->myEaster.easterStr[5] = '/';     // Always a '/' and overwrites null from itoa()
  itoa(myData->myEaster.year, myData->myEaster.easterStr + 6, 10);    // Convert year to 
ASCII...
}

The remainder of the source code deals with determining the day of Easter for a given year. Note that 
the user of this library function is expected to pass in a pointer to a Dates object. The code then fills in the 
members of the structure contained in the Dates class with the appropriate values. If a pointer was not 
used, then there would be no way to return all of the required values to the caller. By using a pointer, you 
can fill in the day, month, and a string representation of the Easter date (easterStr[]) in the function.

Setting the Arduino IDE to Use Your Library
So far, you have two source code files for your library: 

•	 The Dates.h header file

•	 The Dates.cpp library source code file

You can move these two files into a folder you created and named Dates in the Libraries directory of 
the Arduino IDE. Figure 12-8 shows how this directory might look on your system. Note how we have a 
Dates folder near the top of the directory. If you opened that directory, then you would find the Dates.h 
and Dates.cpp files.
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With those files in place in the Libraries directory, close the Arduino IDE and then reopen it. This 
action will register the new Dates files with the IDE.

A Sample Program Using the Dates Library
Listing 12-4 presents the code to exercise your new library. The program begins with a #include <Dates.h> 
directive. You can type this line in yourself, or you can also use the Sketch  Import Library  Dates menu 
selection, which would automatically add the #include <Dates.h> to your source code file for you. The 
program then defines a Dates object named myDates for you to use in the program. The setup() call simply 
establishes a serial link so you can see the output produced by the program.

Listing 12-4. A Program to Test the Dates Library Routine

#include <Dates.h>

Dates myDates;

void setup() {
  Serial.begin(9600);
}

void loop() {
  int i;
  
  for (i = 2000; i < 2013; i++) {
    Serial.print(i);
    Serial.print(" is ");

Figure 12-8. The Libraries directory of the Arduino IDE.
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    if (myDates.IsLeapYear(i) == 0)
      Serial.print("not ");
    Serial.print("a leap year and Easter is on ");
    myDates.myEaster.year = i;
    myDates.GetEaster(&myDates);
    Serial.print(myDates.myEaster.easterStr);
    Serial.print("  ");
    Serial.print(myDates.myEaster.month);
    Serial.print("  ");
    Serial.print(myDates.myEaster.day);
    Serial.print(" ");
    Serial.println(myDates.myEaster.year);
  }
  Serial.flush();
  exit(0);
}

The code inside the loop() function uses a for loop to print out the leap year and Easter data for the 
years 2000 through 2012. Note how the library routines are called using the dot operator. That is:

myDates.IsLeapYear(i)

says, “Go to the myDates object, insert your key (the dot operator), enter into the black box and call the 
IsLeapYear() function passing in the year via variable i.” The call to GetEaster() works much the same, 
only we pass the lvalue of myDates. This allows us to use indirection via the pointer to permanently change 
the state of the members of the myDates object. You can tell that these values are permanently changed by 
the way they are referenced in the Serial.print() calls. A sample run of the program can be seen in  
Figure 12-9.

Figure 12-9. Sample run of the Easter dates program.

2
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First, I loaded up theme.txt and then did a Save As menu option using the name themeBackup.txt. If I 
screw something up, then I can always go to this file and rename it back to theme.txt, and I am back where 
I started.

Next, I used Notepad’s Edit  Find menu option (or Ctrl-F) and typed in Keyword1. The result of that 
search is shown in Figure 12-11. (If you use a different editor, like Wordpad, then it may look different than 
Figure 12-11. This is because of the way the end of lines are treated in different editors. If you use Wordpad, 
then make sure you save the file as a normal text file and not a doc [or some other] file type.) If you look 
closely in Figure 12-11, after the equal sign, you can see the entry #0000FF. 

Figure 12-11. Using Notepads Find option to locate Keyword1.

This number is actually the hexadecimal value for the Red-Green-Blue (RGB) value used by the editor 
for Keyword1 words in the source code file. Because my RGB value has no Red or Green component, 
keyword1 words now show up in Blue. (Prior to my change, the color value was #CC6600.) Notice that the 
actual entry for keyword1 looks like:

editor.keyword1.style = #0000FF,plain

If you change the word “plain” to “bold,” then the keywords are displayed in Bold font. (The answer to 
Exercise 5 has a URL for a page that has a nice color chart and their corresponding hex values.)

While I was playing around with the themes file, I also changed keyword2 (now equals FF0000) and 
keyword3 (now equals 009900) using the same Notepad search method. When I was finished, I did a Save As 
and used the file name theme.txt. I then reloaded the IDE, and voila! All of the color changes I made 
become the default colors for the editor. If you do not like the changes, then you can always go back and 
try some new colors. If worse comes to worst, you can rename the themeBackup.txt file to theme.txt and 
you are back to the default IDE colors. 
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Summary
The goal of this chapter was to make you feel comfortable using the non-default libraries that are shipped 
with the Arduino IDE. You should understand what the standard, core, and contributed libraries are from 
an operational standpoint. You should also understand the part that header files play in conjunction with 
library files. Indeed, you should spend some time looking through all of the header files available to you. 
The string.h is just one example of the treasures you will find in the header files. Also, you should be 
comfortable creating your own libraries and adding them to the Arduino IDE. Finally, you learned how to 
use the keywords.txt and theme.txt files to alter the way the editor visually presents keywords in your 
source code. 
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Exercises
1.	 If you were trying to explain the concept of libraries to someone who was just 

learning about programming, how would you explain it in one sentence?

2.	 What is a core library?

3.	 What is a contributed library?

4.	 What does strncpy() do?

5.	 Suppose you wish to change some of the colors as stored in the theme.txt file, 
but you don’t know what the RGB hex values are. How can you decipher the color 
codes?

6.	 Where should you place a library you have written that you want to make 
permanently available to the IDE?
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appendix a

Suppliers and Sources

This appendix presents information about where you can go for further information of some of the many 
Arduino compatible boards, sensors, and other peripheral devices. 

Suppliers 

Seeedino Studio
http://www.seeedstudio.com

Suppliers of many reasonably priced mc boards and shields. I evaluated their Seeedino Mega 2560 and SD 
shield. Their 2560 Mega board has one of the smallest footprints I have seen for this board (see Figure 4-5). 
I have also purchased several of their other shields, and everything has been of very high quality and 
performed as advertised. They also supply a robotic kit that has everything you need to build a robot (see 
Figure A-1):

Figure A-1. The Makeblock robotic kit.
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These are extremely high-quality, machined parts that should produce a rugged and durable system.

Diligent Inc 
http://www.digilentinc.com

The Max32 board (see Figure A-2) takes advantage of the powerful PIC32MX795F512 microcontroller. This 
microcontroller features a 32-bit MIPS processor core running at 80Mhz (quite a bit faster than the Atmel 
clock speed), 512K of flash program memory, and 128K of SRAM data memory.  

Figure A-2. The Diligent ChipKit Max32.

In addition, a USB 2 OTG controller, 10/100 Ethernet MAC, and dual CAN controllers that can be 
accessed via add-on I/O shields and 83 I/O lines. There is a modified IDE that is an Arduino IDE lookalike 
and is available for Windows, Mac, and Linux. (The board supports all three.) The modified IDE can be 
downloaded free at: 

https://github.com/chipKIT32/chipKIT32-MAX/downloads 

I tried several of my sketches and all ran without modification on the ChipKit Max32. However, the 
compiler has some differences...all of them good! For example, an int data type for this board uses 4 bytes 
of storage and a double is 8 bytes, versus 2 and 4 for most Atmel boards. Depending on your app, this could 
be a real plus in terms of range and precision. If you need a bunch of I/O lines and a very fast processor, 
this is a great choice and clearly worth investigating. I also found the placement of the reset button very 
convenient. 
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Tinyos Electronics
http://tinyosshop.com

This company supplied an ATmega328 compatible board, which can be seen in Figure A-4. As you can see 
relative to the pen cap in the photo, this is one of the smallest boards I received, but it ran all of my 
sketches perfectly. The board is well constructed and reasonably priced. Also note that the chip is 
removable. This means you could load software onto the board, remove the chip, and place in a bare-
bones board with only a chip and a few other components if you wanted to do so. They also sell a wide 
variety of shields, sensors, and other products for the Arduino boards. I used this board a lot while writing 
this book, mainly because of its size. 

OSEPP
http://osepp.com

The company offers a number of Arduino-compatible boards and sensors. The board I ordered was the 
OSEPP Mega 2560 R3 Plus, as seen in Figure A-3. The board is well constructed and is designed to easily 
attach external devices and sensors. (Notice the mini-USB connector on the left edge of the board plus the 
Molex connector in the top left corner for connecting to Osepp sensors and I2C devices.) This series 
features 256K of flash memory, 8K of SRAM, 4K EEPROM, 54 digital I/O pins, and 16 analog pins. 

Figure A-3. OSEPP Mega 2560 R3 Plus.
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Cooking Hacks
http://www.cooking-hacks.com

This company supplied the GPS module that was mentioned in Chapter 10. The module is shown in  
Figure A-5.

Figure A-4. TOSduino Duemilanove. Note the small footprint!
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I find this a very interesting piece of hardware and hope to do more work with it once this book is put 
to bed. The website also provides a tutorial on using the module as well as downloadable software for 
testing purposes. 

Sources
There are a number of places where you can go to purchase electronic components for your projects. 
Some of the ones I have used are listed below. You should also use eBay as a source and a reference for 
parts. With almost 100 purchases there, including many foreign suppliers, I have never had a problem.

•	 Adafruit Industries. Arduino boards and shields. http://adafruit.com

•	 All Electronics. Component Supplier. http://www.allelectronics.com 

•	 Digi-Key Electronics. Component supplier. No minimum order. http://www.
digikey.com 

•	 Jameco Electronics. Component supplier. http://www.jameco.com 

•	 Martin P Jones & Associates, Component supplier. Monthly email specials are 
interesting, and they are a good source for all components including power supplies. 
http://www.mpja.com 

•	 Mouser Electronics. Component supplier. http://www.mouser.com 

•	 Radio Shack. Component Supplier. Great for when you forgot to order that one part 
that makes it all work. http://www.radioshack.com 

•	 Sparkfun. Arduino boards and (even wearable!) shields. http://sparkfun.com

Figure A-5. Cooking Hacks GPS module.
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Software
Unfortunately, VisualMicro’s software debugger for the Arduino only came to my attention just a few days 
before the final page proofs were set. As most programmers know, the weakest link in writing code using 
the Arduino IDE is the lack of useful debugging tools. As it stands, Serial.Print() function calls are often 
used to observe values as a program executes. Not any more.

The Arduino debugger from VisualMicro is actually a program add-in for Microsoft’s Visual Studio. The 
Visual Studio debugger is full featured with various debug windows, breakpoints, and single-stepping 
features. As you can see in the figures, the Arduino is completely integrated into the  Visual Studio IDE. The 
first figure shows the ability to open an Arduino project from within Visual Studio while the second shows 
how there are combo boxes for the Arduino boards and COM port selection.

The current version of the product is free and can be downloaded from:

http://visualmicro.codeplex.com/ 

At the present time, the add-in works with Visual Studio 2012, 2010, and 2008 and Arduino 1.x. It does 
not work with the Express version of Visual Studio at the time this is being written. However, the web site 
does list several ways to obtain the Professional version of Visual Studio at little or no cost. If you plan on 
doing any serious projects, you must check this software out.
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For the simple circuits described in this book, all you will need is a few LEDs and some resistors. All of 
the components used in this book can be purchased locally at your favorite parts supplier. If you need to 
save every penny, check online to see if your area has a local amateur (i.e., “ham”) radio club. They 
sometimes have flea markets that are a great source for inexpensive electronic components.  If you have a 
local college or university nearby, check if they have an engineering or physics department. They may have 
ideas for finding local parts. If those avenues fail, then there is always online purchasing.

Online Component Purchases
I am often asked whether I feel confident in purchasing electronic items and components online. 
Definitely, yes. I have purchased items from the suppliers mentioned in Appendix A online and have never 
had a problem. Quite honestly, I always check eBay to get an idea of the market price for any item I do not 
use on a regular basis. If nothing else, eBay makes it easy to find out the price of things. 

Perhaps the second most frequent question I get asked is my experience using eBay to purchase items 
online. I know that I have made more than 100 purchases on eBay for various items. Of those purchases, I 
have never had one bad experience, especially in the electronics/component purchases I have made. Do I 
buy from China? Absolutely. Although I have made “bulk” purchases (e.g., 100 resistors or capacitors) from 
domestic suppliers, I have also made bulk purchases from China without problem. Although it is nice to be 
able to drive to my local Radio Shack and buy that odd part I didn’t have at home, when I needed 125 blue 
LEDs for a 5 x 5 x 5 LED cube project, I shopped around. Not too long ago, I purchase 150 LEDs with 
dropping resistors for less than $10. True, it took about 8 days to get them, but they were postage paid and 
were exactly what I ordered.

shipping. My guess is that with the perf board, the two electrolytic capacitors, resistor, and LED that I have 
less than $1 tied up in the board. There are two pins at the left edge or the board that supply 5 volts. The 
mini board is plugged into my breadboard when I feel I need more power than the I/O pins can provide.  

Figure B-1. A small voltage regulator circuit.
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Where you buy your components is up to you. If I was a bazillionaire, then I probably would just pay 
whatever the price is to have the item(s) tomorrow. Alas, unless you people start buying thousands of 
copies of this book, I will still need to shop around for a good price. After a while, you will find a few 
suppliers that you are happy with and you will tend to use them over and over. 

Experiment!
Finally, I would hope you enjoy experimenting even if you do not consider yourself an expert. True, 
electrical circuits can be harmful so you do need to be careful, especially with 120 volt circuits. Even a wall 
wart supplying 5 volts and low current deserves respect. Still, I would hope you are willing to try things on 
your own. I have smoked my share of resistors and sent more than one LED to supernova heaven, but I 
learned things during the process. My interest in electronics started before I got my amateur radio license 
in 1954, and it has never waned since. I hope you find your microcontroller projects just as much fun as I 
have mine.

Experiment and enjoy!



241

 

■ ■ ■

Answers to Exercises

Chapter 2
1.	 Name the building blocks of a programming language.

Operands, operators, expressions , statements, statement blocks, function blocks

2.	 What is a binary operator?

A binary operator is an operator that requires two operands to create an 
expression.

3.	 Why is an understanding of operator precedence important in an expression?

Operator precedence dictates the order in which subexpressions are evaluated 
in complex statements. Without this understanding it is possible that a complex 
statement will not have the subexpressions evaluated in the order you wish, 
leading to erroneous results.

4.	 Which of the Five Program Steps is least likely to appear in your programs and 
why?

The Termination Step. The reason is because many mc programs are designed to 
run forever and may never reach a termination point unless power is removed or 
a component fails.

5.	 What is the purpose of the /* and */ character pairs?

This sequence of characters marks the start and end of a multiline comment in 
a program. They are also useful in “commenting out” a chunk of code during 
program testing and debugging.
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Chapter 3
1.	 Which of the following variable names are good and which would draw a syntax 

error?

bigFeet		 your Feet	 switch		  12Meters	
_SystemVal	 -Negative	 NoGood	 realGood

Answer: your Feet is not valid because it has a space character in its name. 
switch is not good because it is a C keyword. 12Meters is not good because it 
starts with a digit character. -Negative is not good because it starts with a math 
operator. All the rest are acceptable.

2.	 How do you pronounce the word char as in char c;?

Probably not the most important question to ask, but one I still do get asked. 
Some pronounce it like “char,” as in charcoal or to char a steak. Others 
pronounce it as “care,” as is caretaker. There is no right or wrong answer. It 
just depends on whether you identify with something that is burnt and ugly or 
someone who lovingly takes care of puppies. I will let you guess which I prefer.

3.	 Suppose you have a char variable. Write the binary values for 32, 72, 111, 128.

Here are the answers:

32 = 00100000
72 = 01001000
 111 = 01101111
 128 = ?

You can’t represent 128 with a signed char because the max value is 127. If you 
set the high bit, then the interpretation is the value -1, not 128.

4.	 Suppose you are at a cocktail party and someone asks you what precision means 
in Arduino C. What is your answer?

Precision refers to the number of significant digits a number has. In Arduino 
C, the numeric range for floating point numbers is fairly large—up to 38 
digits. However, only the first 6 (sometimes 7, but don’t count on it) digits are 
significant. All the remaining digits are the computer’s best guess as to their 
value.

5.	 What’s the difference between the string and String data types?

The string data type is made up of nothing more than an array of char data 
types. The String data type subsumes the string data type but adds a number 
of functions that can be used with the String data type (e.g., see Table 3-3). 
It is not too much of a stretch to think of the String data type as a shell, or 
wrapper, function that encompasses string but also has other function defined 
within it. (String gets very close to OOP methods.) The good news is the added 
functionality that String brings to the party. The bad news is that the extra 
functionality means more memory is chewed up when you use String.
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6.	 What is an lvalue? What is an rvalue?

An lvalue is a location in memory where a data item resides. An rvalue is the 
value of that data item.

7.	 Relate lvalues and rvalues to the Bucket Analogy.

Think of the bucket as something that can hold data. The size of the bucket 
depends on the number of bytes of data the bucket needs to hold (e.g., 1 byte for 
a char, 2 bytes for an int, 4 bytes for a float, etc.). When you define a variable, as 
in:

int k = 25;

the int determines you need a 2-byte bucket, the lvalue is where you place the 
bucket in computer memory, and the rvalue tells us the value we see when we 
peek into the bucket (i.e., 25).

8.	 What is wrong with the following statements, and how do you fix it?

int val;
double x = 1000.0;

val = x;

The last statement is an assignment statement, so you are taking the rvlaue of x 
and copying it into the rvalue of val. Using the Bucket Analogy, you are pouring 
the contents of a 4-byte bucket into a 2-byte bucket, so the potential exists for 
losing data. You fix this by using a cast operator, as in:

val = (int) x;

The cast has the effect of skimming off 2 bytes of “unused” water and just 
assigning the meaningful data (i.e., 1000) into val. Alas, it is up to you to know 
the max value the int can hold before the “skimming” process starts throwing 
the kids out with the bath water.

Keep in mind that the Arduino compiler does allow silent casts, and these 
are almost never a good idea. As a rule: Always use a cast when you use the 
assignment operator with differing data types.
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Chapter 4
1.	 What is wrong with the following code?

if (random())
{
     x = 50;
}

The random() function returns a random number as a long data type. The if 
statement expects the value between the parentheses (expression1) to be a 
Boolean value, true or false, but the value is a long. This is a semantic error. 
That is, the code is syntactically correct, but the expression is used in the wrong 
context. The compiler should at least give a warning here, but it does not. Moral: 
Just because the compiler lets you get away with something doesn’t always mean 
it is right.

2.	 Are there any errors in the following code?

if (j = k)
{
 doStuff();
} else {
    doOtherStuff();
}

Rather than using the test for equality in the if test expression, a single equal 
sign is used. This will not draw an error message from the compiler because, 
again, the syntax is correct. However, the programmer likely wanted to perform a 
test between variables j and k, not an assignment. 

3.	 What happens when you run an LED without a resistor in the circuit?

You may get lucky and nothing happens. However, if you are using an LED with 
a max current rating of less than 20 ma, then you could burn out the LED. If the 
current rating for the LED is greater than 20 ma, then you could burn out the mc 
board. Either way, the odds of something good happening are stacked against 
you. Moral of the story: Use an LED with a resistor.

4.	 Modify the HeadsOrTails program so that it reports back to your PC how many 
heads and tails were sensed during a given number of “coin tosses.”

The code appears below:

/*
  Heads or Tails
  Turns on an LED which represents head or tails. The LED 
  remains on for about 3 seconds and the cycle repeats.
   Dr. Purdum, July 12, 2012
 */
 
// define the pins to be used.
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#define SENDMESSAGEAFTERTHISMANYTOSSES 100
#define TESTSTORUN 50000
#define HEADIOPIN  13
#define TAILIOPIN  12

int head = HEADIOPIN;
int tail = TAILIOPIN;
long randomNumber = 0L;
long headCount = 0L;
long tailCount = 0L;

// the setup routine runs once when you press reset:
void setup() {                
  // initialize each of the digital pins as an output.
  Serial.begin(9600);
  pinMode(head, OUTPUT);     
  pinMode(tail, OUTPUT);
  randomSeed(analogRead(0)); // This seeds the random number generator
}

// the loop routine runs over and over again forever:
void loop() {
  randomNumber = generateRandomNumber();
  digitalWrite(head, LOW);      // Turn both LEDs off
  digitalWrite(tail, LOW);

  if (randomNumber % 2 == 1) {  // Treat odd numbers as a head
    digitalWrite(head, HIGH);
    headCount++;
  } else {
     digitalWrite(tail, HIGH);  // Even numbers are a tail
     tailCount++;
  }
 
  if ( (headCount + tailCount) % SENDMESSAGEAFTERTHISMANYTOSSES == 0) {
    Serial.print("Heads = ");
    Serial.print(headCount);
    Serial.print("   tails = ");
    Serial.println(tailCount);
  }
  if (headCount + tailCount > TESTSTORUN) {
    Serial.flush();
    exit(0);
   }
}

long generateRandomNumber()
{
  return random(0, 1000000);     // Generate random numbers between 0 and one million
}
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There are a few things worth noting. In the setup() loop, the code calls the 
Serial.begin() function to set the baud rate for communication between the mc 
and your PC. If they are not the same, then the serial communication will be out 
of sync and the output will look garbled. Near the lower-right corner of the serial 
monitor (press Ctrl-Shift-M after the program starts) you will see a dropdown 
box with various baud rates. Make sure the value you see matches the argument 
you pass to Serial.begin().

The call to random() produces a new random number that the code then tests 
to determine whether it corresponds to a head or tail. The appropriate counter 
is incremented and then a summary message may be sent back to the PC if 
SENDMESSAGEAFTERTHISMANYTOSSES tosses have been made. You should be able 
to prove to yourself that the message is only sent when the specified number of 
trials (e.g., tosses % 100 == 0) have been made. Otherwise, most of the execution 
time would be sent sending messages to the PC. Serial.print() is use to display 
the data on the PC. Serial.println() also displays information on the PC but 
sends a newline character after the data is displayed. The newline character has 
the effect of moving the cursor to the beginning of the next line. If the program 
has simulated more than TESTSTORUN coin tosses, then the call to the exit() 
function terminates the program. If you wish to run the program again, then you 
can press the reset button on the mc board to restart the program. Finally, notice 
the use of #define’s to get rid of magic numbers in the program. 

Chapter 5
1.	 In the following code fragment:

int k;
for (k = 0; k < 1000; k++) {
	 k = DoSomethingCool(k);
}

What happens if the function DoSomethingCool() ends up decrementing k before 
it passes the value back to the for loop statement body?

If the function decrements k, then on the first pass the value assigned into k by 
DoSomethingCool() is -1. That value is then passed to expression3 (k++), which 
increments k to 0. Control then passes to expression2, which checks to see if k is 
less than 1000. Because k is now 0 again, the call to DoSomethingCool() is called 
again, which assigns -1 into k...again. Clearly, this ends up in an infinite loop.

2.	 What happens in the following code fragment?

	 #define EVER ;;	 // Just two semicolons...
	 // Some statements
	 for (EVER) {
	      // Do some statements here
	 }
	 // The rest of the program
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Know what? I’m not going to tell you. Rather, create a small program with this 
code in the loop() function and make the following changes:

	 for (EVER) {
	      Serial.println("Pass...");
	 }

and then look on the Arduino IDE monitor (Ctrl+Shift+M) to see what happens. 
Try to explain what you see.

3.	 Suppose you want to find a part that has the numeric ID number 1000 out of an 
inventory that has 500,000 items. Although all part numbers are present in the 
inventory list, they are not necessarily in sorted order. (That is, you can’t assume 
that part number 1000 is the 1000th item in the inventory list.) Write a code 
fragment for the loop to look for the part number.

Here is the answer:

	 #define INVENTORYCOUNT 500000
	 int counter = 0;
	 int partLocated;
	 int targetPart;

	 targetPart = PartToLookFor();	 // Assume this sets k = 1000
	 while (counter <=  INVENTORYCOUNT) {
		   partLocated = NextPartNumber(counter);
		  if (partLocated ==  targetPart)
			   break;
		  counter++;
	 }

4.	 In the most general terms possible, when would you use the various loop 
structures?

Use the for loop when you must execute the loop body a known number of time. 
Use a while loop when you are looking for a particular value in a list of possible 
values. Use a do-while loop when you must execute the statements in the loop 
body at least one time while searching a list.

5.	 What is refactoring?

Refactoring is the process of looking for way to simplify and “clean up” your 
code. Some of the biggest benefits of refactoring are to make the code more 
readable and perhaps more efficient by removing duplicate or redundant code.

6.	 Which loop coding style do you prefer and why?

There is no answer. It will depend on how you feel about style or whether you 
even have a choice.
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8.	 The ReadLine() function was said to be SDC. Why and what would you do to 
improve it?

Perhaps the biggest flaw is that there is no check on the return value from 
atoi(). The atoi() function is designed to return an integer value by parsing the 
string that was passed to it. The problem is the user could type in a non-digit 
character and atoi() fails, but there nothing in ReadLine() to account for this. 
atoi() is designed to return 0 if it fails or the predefined constants INT_MAX or 
INT_MIN if the value is out of range for an int. Although still not bulletproof, an 
improvement might be:

if (year == 0 || year == INT_MAX || year == INT_MIN) {Serial.print("Input error: non-numeric 
data entered. Aborting program");
    Serial.flush();
    exit(0);
}

Chapter 7
1.	 What are the scope levels in C?

Answer: There are three scope levels in C: statement block, local, and global.

2.	 Why is it usually a good thing to avoid using the global storage class?

Answer: The global storage class means that the data item is exposed for use to 
every data object in the file from its point of definition to the end of the file. This 
is bad because it makes it more difficult to determine where erroneous values 
creep in when the variable has an improper test value.

3.	 What are the C storage classes?

Answer: The storage classes are: auto, register, static, and extern.

4.	 Suppose integer variable myDay is globally defined in one file, but you need to 
access it in a different source file. What do you need to do to have access to 
myDay?

Answer: You need to have a variable declaration for myDay in source files where it 
is not defined. You do this by using the statement:

	 extern int myDay;

5.	 What is the default scope level for a function?

Answer: All functions in C have global scope.

6.	 What is the default storage class for a function.

Answer: extern. Think about it.
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Chapter 8
1.	 What is a pointer?

A pointer is a variable that, once initialized, holds the lvalue of another variable. 
Both the pointer and the matching variable must have the same type specifier.

2.	 What does a pointer enable the programmer to do that might not be possible 
otherwise?

Pointers allow functions to have direct access to data that would otherwise be 
out of scope. That is, pointers allow arguments to be passed by reference, thus 
giving a function the ability to permanently alter a variable. Pointers also allow 
arrays to be passed to functions in a more memory-efficient manner than pass-
by-value would permit.

3.	 What does the address of operator do? Give an example. 

The address of operator (&) gives the code access to the lvalue of a data item. It is 
normally used to initialize a pointer. A typical use might be:

	 int val;
	 int *ptr;

	 ptr = &val;

Variable ptr now holds the lvalue of val and can change it through the process of 
indirection.

4.	 What is the indirection operator (*) and what is its purpose? Give an example of 
how it might be used.

The indirection operator is used to access the rvalue of a variable. To be used 
properly, the pointer must be initialized to point to the variable. For example:

	 int val;
	 int *ptr;
	 ptr = &val;
	 *ptr = 10;

The code fragment above uses indirection via ptr to change val to 10.

5.	 What is a pointer scalar and why is it important? 

A pointer scalar refers to the byte magnitude by which pointer operations are 
scaled. For example, if a pointer to char is incremented, then the offset from 
the lvalue is increased by 1 because that is the size of a pointer scalar for a char 
data type. However, if a pointer to long is incremented, the offset is adjusted by 4 
because each long uses 4 bytes of storage. 

6.	 Suppose you needed to pass the value of the fifth element of an int array named 
values to a function named func(). How would you write the code?
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		  func(values[4]);

The offset is 4 because of the N – 1 Rule for arrays. Bear in mind that this syntax 
is pass-by-value. That is, you are sending a copy of the value of the values[] 
array element to the function.

7.	 Suppose you want func() to change the value of the fifth element of the values 
array. How would you write the code? 

		  func(&values[4]);

This is a pass-by-reference call because the lvalue for the fifth element of the 
array is sent to the function. Note that the function simply assumes if has a 
pointer to an array:

	 void func(int *ptr); 	      // Function declaration for func() assuming an int array.

Chapter 9
1.	 In Listing 9-1, if I change ptr from a character pointer to an int pointer in the 

initialization statement and write:
 ptr = (int *) buffer;

and then run the program, what would you expect the output to look like and 
why?

The output becomes:

We ntecus fhmneet

plus a bunch of garbage. (Actually, casting to an int pointer would just show 
numeric values, rather than characters.) The reason is because the scalar for an 
int is twice as big as the scalar for a char, so every other letter in the quotation is 
printed. However, the while loop “skips over” the null termination character and 
displays junk until a null (zero) is finally read.

2.	 Why are pointer scalars important? 

Any pointer manipulation needs to know the type of data to which it points so 
it can adjust the operation to fit the data. Incrementing a pointer, for example, 
must advance the pointer value by the scalar size of the object being pointed to, 
or disaster results.

3.	 When can you use two pointers in an arithmetic expression? 

Pointer arithmetic only makes sense when the pointers point to the same object.

4.	 If you define a pointer to a function, what is the rvalue of a properly initialized 
pointer to function? 

Just like any other pointer variable, it must hold an lvalue. In this case, it is the 
lvalue of where the function resides in memory.
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5.	 What is the purpose of the Right-Left Rule? 

The purpose of the Right-Left Rule is to allow you to decipher complex data 
definitions.

6.	 Unwind and verbalize the following data definitions:

int *ptr1[10];
int (*ptr2)[10];
int (*(*ptr3())[10])();
int (*ptr4(int))();

ptr1 is an array of 10 pointers to int.

ptr2 is a pointer to an array of 10 ints.

ptr3 is a function returning a pointer to an array of 10 pointers to functions that 
return ints.

ptr4 is a function that takes an int argument and returns a pointer to a function 
that returns an int.

Chapter 10
1.	 In Listing 10-2, it was asserted that yourServicePeople.Phone was unchanged 

after the function call. Is this true? Prove it.

Add these lines to the bottom of the setup() loop:

  Serial.println();
  Serial.print("yourServicePeople.Phone rvalue: ");  
  Serial.println(yourServicePeople.Phone);      

and recompile, upload, and run the program. You will see that the phone 
number member of yourServicePeople.Phone is unchanged and still has the 
value 0.

2.	 When discussing the section on arrays of structures, you saw the definition:

struct servicePeople myCompanies[10] = {
    {1, "This is a dummy","admin", 5555555},
    {101, "Kacks Lawn Service", "Clowder", 2345678}
};

Clearly, the Name member of the first element in this array suggests the data are 
garbage. Why would someone “throw away” this first element?
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You could use this first element to maintain a count of the number of valid 
elements in the array. In other words, the ID member of the first element of the 
array has the value 1 stored in it. This means that there is 1 company currently 
filled in for the array, although the array is capable of holding 10 elements. You 
could access the data for the last valid data element using:

int index;
int validCompanyID;
index = myCompanies[0].ID;
validCompanyID = myCompanies[index].ID;

You can simplify this considerably by using:

int validCompanyID;
validCompanyID = myCompanies[myCompanies[0].ID].ID;

Think about it. You could also use this information to prevent a loop from 
reading garbage data.

3.	 The code in Listing 10-4 calls WriteOneRecord() 10 times although there are only 
4 elements in the array that contain useful data. How could you avoid the 
redundant calls?

When the myPeople[] array is defined, 360 bytes of data (36 * MAXPEOPLE) are 
allocated to the array. Only the first 144 bytes (4 * 36) of the array contain 
information. Because this global data structure is defined with global scope, 
any uninitialized elements of the array are filled with 0s. However, uninitialized 
EEPROM data are set to 0xFF (or -1 decimal). Therefore, you could modify the 
for loop in setup() to:

	 i = 0;
	 while (myPeople[i].ID != -1) {
      		  WriteOneRecord(i++);              // Copy to EEPROM
    	 }

4.	 The phone number displayed in Figure 10-7 is pretty lame. How would you spiff 
it up?

If you add #include <stdlib.h> at the top of the program (so the program knows 
about the long-to-ASCII, ltoa(), function) and then add the following code to 
the top of the DataDump() function:

  char t[10];
  char buffer[10];
  
  ltoa(temp.Phone, t, 10);  // make long a char array
  strcpy(buffer, t);
  buffer[3] = '-';
  strncpy(&buffer[4], &t[3], 5);
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and then change the last Serial.println() to Serial.println(buffer), then the 
program displays the phone number with a hyphen between the exchange and 
the number (e.g., 234-5678). You should be able to figure out what the code does 
now.

5.	 What is a shield?

In terms of Arduino boards, shields are small boards that can often be piggyback 
directly onto the mc board. Each shield is designed to meet some specific need 
(i.e., more memory) or add a new feature (i.e., read GPS data). Most shields are 
surprisingly affordable.

Chapter 11
1.	 Write a preprocessor directive that sets pin 14 to OUTPUT if the development 

system is using Windows to host the compiler or to INPUT under any other host 
system.

		  #define WINDOWS 1
		  // Some code...
		  int pin14;

		  #ifdef WINDOWS
			   pin14 = OUPUT;
		  #else
			   pin14 = INPUT;
		  #endif

2.	 Suppose you have written some macro that you want to include in your 
program. They are currently stored in a file named myheader.h. How would you 
write the statement to include the header file?

The statement would be:

#include "myheader.h"

You would use the double quote marks rather than the angle brackets (<>) 
because the header is likely to be found in your development directory. 

3.	 If you have an integer value k and wish to multiply it by 2 and assign the result 
into variable j, then what statement would you use?

j = k * 2;

Just because you know how to shift bits does not mean that is the way you 
should do a simple multiply. If your code is doing something in a really tight 
loop and you want to see if bit shifting makes a difference, then go ahead and 
experiment. However, if you do the multiplication with bit shifts, then make sure 
you put a comment in the code to explain what you are doing.
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4.	 What types of data would you consider using for bitwise operations?

You would use byte, unsigned int, and unsigned long data types. You would 
likely want to use unsigned data types so there is no interpretation problems 
involving the sign bit. 

5.	 An external device returns data in the lowest 6 bits of a data byte. The top 2 bits 
can be ignored. How would you write the code to extract the data?

byte myData = deviceByte & B00111111;

You could also write the statement as:

byte myData = deviceByte & 63;		  // Decimal
byte myData = deviceByte & 0x3F		 // Hex 
byte myData = deviceByte & 0O77;	 // Octal—with a leading zero-oh"

Your actual choice depends on what you think is easiest to read or perhaps some 
policy where you work dictates the format.

6.	 If you perform a bit shift operation that shifts bits “off the end,” where do those 
bits go?

I don’t know either.

Chapter 12
1.	 If you were trying to explain the concept of libraries to someone who was just 

learning about programming, how would you explain it in one sentence?

A library is a collection of prewritten functions that you can use in your own 
programs.

2.	 What is a core library?

Core libraries are those libraries that the compiler routinely uses when 
compiling programs. For example, the Arduino.h header file is automatically 
included in your source code for all programs that you write. This header file 
enables the compiler to draw from various libraries. There are also a number of 
contributed libraries that are automatically installed.

3.	 What is a contributed library?

These are libraries that have been supplied by users of the Arduino system. 
Because Arduino is an open-source project, users are encouraged to share 
whatever code they develop. Contributed libraries are one result of this code 
sharing.
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4.	 What does strncpy() do?

I am not going to tell you. It comes from the string.h header file, so it is a 
routine stored away in a library, and hence, you can use it in your programs. The 
easiest way to answer this question is to Google the function.

5.	 Suppose you wish to change some of the colors as stored in the theme.txt file, 
but you don’t know what the RGB hex values are. How can you decipher the color 
codes?

Once again, go to the web and start looking. That is what I did and I found the 
following link, which makes it easy to pick a color you like:

http://www.2createawebsite.com/build/hex-color-chart-grid.html 

6.	 Where should you place a library you have written that you want to make 
permanently available to the IDE?

You should place your library in the Libraries directory and it should have a 
directory structure as follows:

Libraries
	 YourLibraryName
		  examples
		  YourLibraryName.h
		  YourLibraryName.cpp

keywords.txt and examples contains the source code for at least one example of 
how to use your library.
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int *ptrNumber, 135
Pointers scalars

Arduino Memory Types
data—a memory address, 133
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