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Preface

You would not know it by looking at me, but I have been computer programming as a hobby since I was 14 years old. My first programming language was QBASIC. It was a language and a program for interpreting that language that ran on MS-DOS. However, the usage of this language has diminished over time because it does not run without an emulator or modern BASIC language dialects meant to mimic it.

However, I moved to the C Programming Language as my main computer language. I have dabbled in Java, JavaScript, Lua, Perl, Python, and the beast known as C++. However, of all these languages, C remains my native language because of how simple it is to remember. In spite of its quirks, C is what I recommend to a beginner, not in spite of its limitations but because of them! Therefore, most of the recipes in this code cookbook will be in the form of C source code.

But this book will contain more than just the C language. There are times when other languages, such as Bash, HTML, Markdown, and maybe even Lua or Python, will just make a lot more sense in the context of what is being done.

For example, computer programming is used to create art, web pages, books, and video games. However, programming is also hard work and a lonely pursuit because almost nobody understands it except those of us who are called to this sacrificial art of communicating with a computer.

That being said, my computer understands what I mean better than most humans do. The purpose of this book is to archive some of the best programs I have written, and yet at the same time, they are simple enough to share in only one or two pages.

This project began as an effort to save all my work so that it would not be lost. I also hope that new generations of computer programmers can learn something from my 20+ years of experience as a C programmer.





Introduction

I got my start in the world of computer programming because I first loved numbers. I am the stereotype of an autistic savant who sees everything as a number. If you like numbers, my hope is that my recipes for generating number patterns will be of some use to you.

And if you don’t like numbers, then you probably won’t do well as a computer programmer because everything is a number in the context of a computer. The size, shape, and color of every text or picture element in the video games you play were, at one point, written into the code by one or more programmers who probably were not paid enough for the work that went into their craft!

But before I begin sharing my code recipes with you, there is something I need to do before you can fully enjoy the experience. You will want to install a C compiler on your computer!

If you are using Debian or Ubuntu Linux, installing the GCC compiler is as simple as sudo apt install gcc. However, I expect that most of my readers have a computer with the Windows operating system installed since the computer was purchased.

Don’t worry, you can still follow along! When I bought my Windows 11 laptop, I set up scoop to be my command-line installer. Then I installed GCC so that I can always have it available from the command line on Windows, just like I could in Linux.

scoop install gcc

There are other ways to install GCC on Windows. However, all of them will give the result of having the ability to type gcc into the terminal or console to compile and run your C code.

Once it is installed correctly, you can enter gcc and get the message:

gcc: fatal error: no input files compilation terminated.

But that is okay! We are going to give it an input file to compile! Type the following into a text file named main.c.

#include <stdio.h>
int main()
{
 printf("Hello, World!\n");
 return 0;
}


You can compile this and run from the command line with:

gcc main.c -o main && main

If done correctly while at a command line in the same folder as the source file, you will get the message:

Hello, World!

If you see this, then it means that the program compiled and ran successfully.

You see, the command gcc main.c -o main && main is actually two commands in one. The first part

gcc main.c -o main

tells the compiler to process it and create an executable file. The second part

main

Tells it to run the executable file. On Windows, this would run a program named “main.exe”. On Linux, the file is likely to be named simply “main”. Also, on Linux, you would need to write it as “./main” to execute it. The dot signals that the file you are trying to run is in the current directory. A single dot usually refers to the current directory, while two dots refer to the directory above the current one you are in.


How it works

Now that you have successfully run the Hello World program, you might be wondering what it all means. Here is the same program with comments included.

#include <stdio.h> /*include the standard input and output library*/
int main() /*beginning of a function named main which returns an integer*/
{ /*opening bracket starting the function block*/
 printf("Hello, World!\n"); /*calling printf, the most useful function in the C Programming Language.*/
 return 0; /*Return the number zero to the operating system. A return value of zero means that no errors occurred.*/
} /*closing bracket ending the function block*/


Once you can get this program working, then the rest of the C source code samples in this book will work fine! They all use elements of the C Standard Library. The file “stdio.h” is one of the library files.

I will do my best to explain the usage of functions as they are introduced. However, for more information, it is better to go to an online reference such as cppreference.com for more information than I have included.

For example, you can find on there the usage of the printf family of functions. Arguably, printf is the most used function in C because of its ability to output strings of text and numbers to display any useful information to the user of the program. Without output, you would have no way of knowing whether your code was correct.

I do not use all of the functions in the standard library. In fact, I would say that most of the functions and features of the C language I have never learned because I never needed to. The reason for this will become more clear in Chapter 1 when I cover what I do best: writing code to generate integer sequences.







Chapter 1: Integer Sequences

An integer is a whole number. For example, 1,2,3,4,5 etc are all integers. Negative numbers like -15 or -23 are also integers.

Things that are not an integer include anything that comes with a decimal point. For example, Pi:

3.14159265358979323846

Or the Square root of 2.

1.41421356237309504880

Integers, specifically positive integers are the focus of this chapter. I will start with a code sample that generates all the integers up to 100.


Count 100

#include <stdio.h>
int main()
{
 int a=0;
 while(a<=100)
 {
  printf("%d ",a);
  a++;
 }
 return 0;
}

If done correctly, you will see the following in your terminal.



0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 100



How this works is very simple. with int a=0; We define an integer named a that starts at 0. Then we set up a while conditional block defined by while(a<=100) which means that the following block will happen as long as a is less than or equal to 100.

Just like the main function, each block begins with a { and ends with a }. This is common for languages like C, C++, Java, and JavaScript.

There are two statements in this block. The first is:

printf("%d ",a);

Says that we are going to print a decimal integer followed by a space. The second argument (or option) to the printf function is the variable ‘a’.

The next statement:

a++;

Is a short way of saying “add 1 to a”. You could just as easily write “a=a+1;” or “a+=1;”

Upon this foundation, all other integer sequence code is written. There are always these steps.


	Define the variables used

	Set up the looping conditionals

	One or more statements defining the math



One important misunderstanding about computer programming is that some people think it is related to algebra. Not in the slightest. I failed at algebra more times than I can count but this is not like that. As a computer programmer, I get to say what the variables are and how they change. Algebra is different because you are trying to discover what someone else decided a,b,c or x,y,z are. Where is the fun in that?!

But computer programming can be fun if you know how to write it. As you look at my next samples, you may begin to understand why I enjoy it.




The Powers of 2

The powers of 2 are an interesting sequence because of their application in computer science (computers work in the binary numeral system, not decimal) as well as biology. It is extremely easy to write a basic program to generate the sequence of the powers of 2.

#include <stdio.h>
int main()
{
 int a=0,b=32,c=1;
 while(a<=b)
 {
  printf("2 ^ %2d = %11d\n",a,c);
  a++;
  c+=c;
 }
 return 0;
}

This short program generates the powers of two sequence. It starts at 1 and doubles the number each time by adding it to itself. The output is as follows.

2 ^  0 =           1
2 ^  1 =           2
2 ^  2 =           4
2 ^  3 =           8
2 ^  4 =          16
2 ^  5 =          32
2 ^  6 =          64
2 ^  7 =         128
2 ^  8 =         256
2 ^  9 =         512
2 ^ 10 =        1024
2 ^ 11 =        2048
2 ^ 12 =        4096
2 ^ 13 =        8192
2 ^ 14 =       16384
2 ^ 15 =       32768
2 ^ 16 =       65536
2 ^ 17 =      131072
2 ^ 18 =      262144
2 ^ 19 =      524288
2 ^ 20 =     1048576
2 ^ 21 =     2097152
2 ^ 22 =     4194304
2 ^ 23 =     8388608
2 ^ 24 =    16777216
2 ^ 25 =    33554432
2 ^ 26 =    67108864
2 ^ 27 =   134217728
2 ^ 28 =   268435456
2 ^ 29 =   536870912
2 ^ 30 =  1073741824
2 ^ 31 = -2147483648
2 ^ 32 =           0

Everything looks nice here. I even aligned the digits of the output to make it beautiful. It is all fine until we get 2 to the 31st power. Why is it negative?! Why is 2^32 now 0?

I understand it because I know how integer sizes work on computers. An int type in the C language is usually a 32 bit integer and so it can only contain 32 bits (binary digits) which represent the sum of powers of two that can represent any integer up to that limit. However, because numbers are infinite, at some point data is lost and we end up back at zero.

For a complete understanding on the topic of the binary numeral system, I would probably have to write a whole book on it as well. However, for now, I will show you that through clever code writing, it is possible to break this limit and go far beyond this wall that the last program runs into.

The following program may scare you a little bit. It uses an array of decimal digits to represent a number instead of using the built in machine integers. However messy it looks, it certainly does the job.




Advanced Powers of 2

#include <stdio.h>
int main()
{
 int a=0,b=64;

 int x,y;
 #define length 1000
 int length2=20;
 char c[length];

 x=0;
 while(x<length)
 {
  c[x]=0;
  x++;
 }
 c[0]=1;

 while(a<=b)
 {
  printf("2 ^ %2d = ",a);
  a++;

  x=length2;
  while(x>0)
  {
   x--;
   printf("%d",c[x]);
  }
  printf("\n");

  y=0;
  x=0;
  while(x<=length2)
  {
   c[x]+=c[x];
   c[x]+=y;
   if(c[x]>9){y=1;c[x]-=10;}else{y=0;}
   x++;
  }
  if(c[length2]>0){length2++;}

 }
 return 0;
}

The output is the following:

2 ^  0 = 00000000000000000001
2 ^  1 = 00000000000000000002
2 ^  2 = 00000000000000000004
2 ^  3 = 00000000000000000008
2 ^  4 = 00000000000000000016
2 ^  5 = 00000000000000000032
2 ^  6 = 00000000000000000064
2 ^  7 = 00000000000000000128
2 ^  8 = 00000000000000000256
2 ^  9 = 00000000000000000512
2 ^ 10 = 00000000000000001024
2 ^ 11 = 00000000000000002048
2 ^ 12 = 00000000000000004096
2 ^ 13 = 00000000000000008192
2 ^ 14 = 00000000000000016384
2 ^ 15 = 00000000000000032768
2 ^ 16 = 00000000000000065536
2 ^ 17 = 00000000000000131072
2 ^ 18 = 00000000000000262144
2 ^ 19 = 00000000000000524288
2 ^ 20 = 00000000000001048576
2 ^ 21 = 00000000000002097152
2 ^ 22 = 00000000000004194304
2 ^ 23 = 00000000000008388608
2 ^ 24 = 00000000000016777216
2 ^ 25 = 00000000000033554432
2 ^ 26 = 00000000000067108864
2 ^ 27 = 00000000000134217728
2 ^ 28 = 00000000000268435456
2 ^ 29 = 00000000000536870912
2 ^ 30 = 00000000001073741824
2 ^ 31 = 00000000002147483648
2 ^ 32 = 00000000004294967296
2 ^ 33 = 00000000008589934592
2 ^ 34 = 00000000017179869184
2 ^ 35 = 00000000034359738368
2 ^ 36 = 00000000068719476736
2 ^ 37 = 00000000137438953472
2 ^ 38 = 00000000274877906944
2 ^ 39 = 00000000549755813888
2 ^ 40 = 00000001099511627776
2 ^ 41 = 00000002199023255552
2 ^ 42 = 00000004398046511104
2 ^ 43 = 00000008796093022208
2 ^ 44 = 00000017592186044416
2 ^ 45 = 00000035184372088832
2 ^ 46 = 00000070368744177664
2 ^ 47 = 00000140737488355328
2 ^ 48 = 00000281474976710656
2 ^ 49 = 00000562949953421312
2 ^ 50 = 00001125899906842624
2 ^ 51 = 00002251799813685248
2 ^ 52 = 00004503599627370496
2 ^ 53 = 00009007199254740992
2 ^ 54 = 00018014398509481984
2 ^ 55 = 00036028797018963968
2 ^ 56 = 00072057594037927936
2 ^ 57 = 00144115188075855872
2 ^ 58 = 00288230376151711744
2 ^ 59 = 00576460752303423488
2 ^ 60 = 01152921504606846976
2 ^ 61 = 02305843009213693952
2 ^ 62 = 04611686018427387904
2 ^ 63 = 09223372036854775808
2 ^ 64 = 18446744073709551616

The concept of an array is really easy to explain. An array is a list of numbers. In the program above, variable ‘c’ is not one number but a list of 1000 numbers. With #define length 1000 we declared a compiler constant representing the maximum length the array can be. With int length2=20; we declared the length of the number of digits we want printed. Finally, with char c[length]; we declared the array of integers named ‘c’ rather than just one integer.

If you are wondering why ‘c’ is defined as type “char” instead of “int”, that is just to save memory. A char is an 8 bit integer instead of the usual 32 bit. For our purpose in this program, this is more than enough.

The first loop in this code initializes the entire array with zeros. The x variable is used only as an index variable but has no special meaning on its own.

 x=0;
 while(x<length)
 {
  c[x]=0;
  x++;
 }
 c[0]=1;

Literally it is setting everything from c[0] to c[999] to 0. Then it sets c[0] equal to 1; This lowest element represents the ones place. Elements 1,2,3 and so on represent the tens, hundred, thousands, etc.

Most parts of this program are still the same as the simple one. Variables ‘a’ and ‘b’ control how many times the big loop goes.

  x=length2;
  while(x>0)
  {
   x--;
   printf("%d",c[x]);
  }
  printf("\n");

By starting at length2, we decide at what point to begin printing the digits. Each time, ‘x’ is decreased by 1 and we print the current element represented by c[x].

And finally, the real magic happens in this part.

  y=0;
  x=0;
  while(x<=length2)
  {
   c[x]+=c[x];
   c[x]+=y;
   if(c[x]>9){y=1;c[x]-=10;}else{y=0;}
   x++;
  }
  if(c[length2]>0){length2++;}

Variable ‘y’ is used as a “carry” in the addition process. We are starting at the bottom of the array and adding each digit to itself. Then we add the carry variable to the current digit.

Then, we have an “if statement” to execute if the digit goes higher than 9. If this happens, we subtract ten from it and then set the carry to 1. Otherwise, we set the carry back 0 zero. Finally at the end of this loop is a conditional that automatically increases the length 2 variable if the carry has caused it to be higher than zero. This makes an automatically expanding list of decimal digits.

As you might guess, I spent many hours perfecting this powers of two program. I wanted it fast but I also tried to make it clear and readable. For an experienced programmer, this is nothing, but it is the kind of code that makes non-programmers confused and they think I am a genius.

And maybe I am, but the point is that I only instructed the computer to do what I already know how to do on paper and in my mind. The same process of addition applies when adding a deposit to a check register for example.




The Prime Numbers

The prime numbers are a fun study for many people. The definition of a prime number is that it has exactly two factors (the number itself and 1). For example 7 is a prime number because it is not divisible by anything else other than 1. 9 is not prime because 3 times 3 equals 9.

#include <stdio.h>
int main()
{
 int x,y;
 #define length 1000
 char c[length];

 x=0;
 while(x<length)
 {
  c[x]=0;
  x++;
 }
 c[0]=1;

 printf("2 ");
 x=3;
 while(x<length)
 {
  printf("%d ",x);
  y=x;
  while(y<length)
  {
   c[y]=1;
   y+=x;
  }
  while(x<length && c[x]>0){x+=2;}
 }
 
 return 0;
}


This program is relatively short considering that it finds all the prime numbers less than 1000 very efficiently.



2 3 5 7 11 13 17 19 23 29 31 37 41 43 47 53 59 61 67 71 73 79 83 89 97 101 103 107 109 113 127 131 137 139 149 151 157 163 167 173 179 181 191 193 197 199 211 223 227 229 233 239 241 251 257 263 269 271 277 281 283 293 307 311 313 317 331 337 347 349 353 359 367 373 379 383 389 397 401 409 419 421 431 433 439 443 449 457 461 463 467 479 487 491 499 503 509 521 523 541 547 557 563 569 571 577 587 593 599 601 607 613 617 619 631 641 643 647 653 659 661 673 677 683 691 701 709 719 727 733 739 743 751 757 761 769 773 787 797 809 811 821 823 827 829 839 853 857 859 863 877 881 883 887 907 911 919 929 937 941 947 953 967 971 977 983 991 997



Like my powers of two program, it uses an array named ‘c’. However, this time we are using the array as indexes in a prime finding process called the Sieve of Eratosthenes.

We are simply going through the array each time a prime number is found and then marking each index as a multiple of that number. Afterwards, the index goes to the next element which is still a zero, meaning that no factors have been found for this number.




Conclusion

The examples I have added in this chapter have shown the required elements of writing effective code. Knowing how to set integer variables (or arrays of them) is required for generating integer sequences. I can also add programs to this chapter for other sequences upon request if anyone has a sequence that they think is worth including.
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