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    preface

 

  
 

   

   It can be tremendously difficult for an outsider to understand why computer scientists are interested in computer science. It is easy to see the sense of wonder of the astrophysicist or the evolutionary biologist or zoologist. We don’t know too much about the mathematician, but we are in awe anyway. But computer science? Well, we suppose it must have to do with computers at least. “Computer science is no more about computers than astronomy is about telescopes,” wrote the great Dutch computer scientist Edsger Dijkstra (1930–2002). That is to say, the computer is our tool for exploring this subject and for building things in its world, but it is not the world itself.
 

  
 

   

   This book makes no attempt at completeness whatsoever. It is a set of little sketches of the use of computer science to address the problems of book production. By looking from different angles at interesting challenges and pretty solutions, we hope to gain some insight into the essence of the thing.
 

  
 

   

   I hope that, by the end, you will have some understanding of why these topics interest computer scientists, and perhaps you will find that some of them interest you.
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    About this book

 

  
 

   

   How do we decide where to put ink on a page to draw letters and pictures? How can computers represent all the world’s languages and writing systems? What exactly is a computer program, what and how does it calculate, and how can we build one? Can we compress information to make it easier to store and quicker to transmit? How do newspapers print photographs with gray tones using just black ink and white paper? How are paragraphs laid out automatically on a page and split across multiple pages?
 

  
 

   

   We answer these questions and more, taking a meandering tour of the art and science of book production from ancient times to the modern day, looking at both the low-level technical details and the overall landscape. You won’t need any prior knowledge of publishing or computer programming to enjoy this book—just a quiet place and a curious mind.
 

  
 

   

   How this book is organized: A road map
 

  
 

   

   Chapter 1 introduces the book and explains who it is for and why it was written. We then start our exploration from nothing. We have a plain white page on which to place marks in ink to make letters and pictures. How do we decide where to put the ink? How can we draw a convincing straight line? Using a microscope, we will look at the effect of putting these marks on real paper using different printing techniques.
 

  
 

   

   Chapter 2 shows how to draw letters from a realistic typeface—letters that are made from curves and not just straight lines. We will see how typeface designers create such beautiful shapes and how we might draw them on the page. A little geometry is involved, but nothing that can’t be done with a pen and paper and a ruler. We fill these shapes to draw letters on the page and deal with some surprising complications.
 

  
 

   

   Chapter 3 describes how computers and communication equipment deal with human language, rather than just the numbers, which are their native tongue. We see how the world’s languages may be encoded in a standard form and how we can tell the computer to display our text in different ways.
 

  
 

   

   Chapter 4 introduces some actual computer programming in the context of a method for conducting a search through an existing text to find pertinent words, as we might when constructing an index. We write a real program to search for a word in a given text and look at ways to measure and improve its performance. We see how search engines use these techniques every day.
 

  
 

   

   Chapter 5 explores how to get a book’s worth of information into a computer. After a historical interlude concerning typewriters and similar devices from the 19th and early 20th centuries, we consider modern methods. Then we look at how the Asian languages can be typed, even those with hundreds of thousands or millions of symbols.
 

  
 

   

   Chapter 6 deals with compression—that is, making words and images take up less space without losing essential detail. However fast and capacious computers have become, it is still necessary to keep things as small as possible. As a practical example, we consider the method of compression used when sending faxes.
 

  
 

   

   Chapter 7 introduces more programming but of a slightly different kind. We begin by seeing how computer programs calculate simple sums, following the familiar rules we learn in school. We then build more complicated things involving the processing of lists of items. By the end of the chapter, we will have written a substantive, real program.
 

  
 

   

   Chapter 8 addresses the problem of reproducing color or grayscale images using just black ink on white paper. How can we do this convincingly and automatically? We look at historical solutions to this problem from medieval times onward and try out some different modern methods for ourselves, comparing the results.
 

  
 

   

   Chapter 9 looks again at typefaces. We investigate the typeface Palatino and some of its intricacies. We begin to see how letters are laid out next to each other to form a line of words on the page.
 

  
 

   

   Chapter 10 shows how to format a full book page by describing how lines of letters are combined into paragraphs to build up a block of text. We learn how to split words with hyphens at the end of lines without ugliness, and we look at how this sort of formatting was done before computers.
 

  
 

   

   Chapter 11 finishes up, showing how our book gets into the hands of the reader, either in print or electronically. Along the way, we learn the details of the PDF standard for document exchange, which combines text, fonts, drawings, and photographs into a single unit.
 

  
 

   

   liveBook discussion forum
 

  
 

   

   Purchase of How Computers Make Books includes free access to liveBook, Manning’s online reading platform. Using liveBook’s exclusive discussion features, you can attach comments to the book globally or to specific sections or paragraphs. It’s a snap to make notes for yourself, ask and answer technical questions, and receive help from the author and other users. To access the forum, go to liveBook discussion forum. You can also learn more about Manning’s forums and the rules of conduct at https://livebook.manning.com/discussion.
 

  
 

   

   Manning’s commitment to our readers is to provide a venue where a meaningful dialogue between individual readers and between readers and the author can take place. It is not a commitment to any specific amount of participation on the part of the author, whose contribution to the forum remains voluntary (and unpaid). We suggest you try asking the author some challenging questions lest his interest stray! The forum and the archives of previous discussions will be accessible from the publisher’s website as long as the book is in print.
 

  
 

 

   

    About the author

 

  
 

   

   John Whitington founded a company that builds software for electronic document processing. He studied and taught computer science at Queens’ College, Cambridge. He has written textbooks before, but this is his first book for a popular audience.
 

  


 

   

    About the cover

 

  
 

   

   The figure on the cover of How Computers Make Books is “Marchande de Miel à Vienne,” or “Honey Merchant of Vienna,” taken from a collection by Jacques Grasset de Saint-Sauveur, published in 1788. Each illustration is finely drawn and colored by hand.
 

  
 

   

   In those days, it was easy to identify where people lived and what their trade or station in life was just by their dress. Manning celebrates the inventiveness and initiative of the computer business with book covers based on the rich diversity of regional culture centuries ago, brought back to life by pictures from collections such as this one.
 

  


 

   

   1 Putting marks on paper
 

  
 

   

   This chapter covers
 

    

    	What this book is about, who it is for, and what it contains
 

    	Coordinates and units for placing ink on a page or pixels on a screen
 

    	The physical characteristics of paper, ink, and computer screens
 

    	Building lines and making shapes using only dots
 

   
 

  
 

   

   This book provides an introduction to computer science through a series of sketches highlighting aspects of one central theme: book production. If you are reading a physical paperback copy of this book, everything from the writer’s thoughts up to the act of printing it was done automatically. If you are reading this book as an eBook, of course, the book is still inside the computer.
 

  
 

   

   What is computer science? Is it just programming? Is it really a science like physics or chemistry, or is it just a branch of mathematics? Or is it just a fancy way of talking about how we use computers and not a science at all? We will try to answer these questions through eleven sketches based on our theme. This is not a comprehensive, beginning-to-end textbook of book publishing but a look at the techniques behind some important aspects involved in the process. It won’t teach you a new programming language or technology, but it should give you insight into the ways we use computers to automate human processes, how we marshal data and computing power to do our work for us, and how the publishing industry uses computers to build electronic and physical books.
 

  
 

   

   We’ll look at the science and mathematics behind everything from fonts to photographs, from the transmission and storage of data to the layout of a page, and from the low-level 0s and 1s of a computer’s most basic arithmetic to the input and processing of the world’s languages. Along the way, we will learn about some of the art and science behind typesetting and printing from the early computer era and from the time before computers. If this appeals to you, read on.
 

  
 

   

   In this chapter, we start right from the beginning: a blank page and some means of placing marks on it. This might be black ink on a piece of paper or pixels on a phone, tablet, eBook reader, or computer screen. We will learn how to choose where to place these marks on the page to build lines and filled shapes. Thereby, we will see how even complex text and graphics are composed of just these little marks.
 

  
 

   

   1.1 Where things go
 

  
 

   

   In this book, we will need very little formal mathematics, but if we are considering the arrangement of letters and words and lines and pictures on the page, we will need a way of discussing the idea of position—that is to say, where something is, rather than just what it is. Thankfully, our paper is flat and rectangular so we can use the simple coordinates we learned in school. In other words, we just measure how far we are above the bottom-left corner of the page and how far to the right. We can write this as a pair of numbers—for example, the coordinate (6, 2) is six lengths right and two lengths up from the bottom-left of the page. It is the convention to use x to denote the across part of the coordinate and y to denote the up part. These are known as Cartesian coordinates, named for French mathematician and philosopher René Descartes (1596–1659). The Latin form of his name is Renatus Cartesius, which is a little closer to “Cartesian.” The idea was discovered independently, at about the same time, by Pierre de Fermat (1607–1665). Figure 1.1 shows the coordinate (6, 2) drawn on a graph with axes for x and y and little marks on the axes to make it easier to judge position by eye.      
 

  
 

    

   [image: image] 

   Figure 1.1 Placing a point using Cartesian coordinates


  
 

   

   We can assign units if we like, such as centimeters or inches, to define what these “lengths” are. In publishing, we like to use a little unit called a point or pt, which is 1/72 of an inch. This unit is convenient because it allows us to talk mostly using whole numbers (it is easier to talk about 450pt than about 6.319 inches). We need such small units because the items on our page are quite small and must be carefully positioned (look at the writing on this page and see how each tiny little shape representing a character is so carefully placed). Figure 1.2 shows how an A4 page (which is about 595pt wide and about 842pt tall) might look.
 

  
 

    

   [image: image] 

   Figure 1.2 A page, its contents, and its units


  
 

   

   You can see that the chapter heading “Chapter 1” begins at about (80, 630). Notice that the coordinates of the bottom left of the page (called the origin) are, of course, (0, 0). The choice of the bottom left as our origin is somewhat arbitrary—one could make an argument that the top-left point, with vertical positions measured downward, is a more appropriate choice, at least in the West where we read top to bottom. Of course, one could also have the origin at the top right or bottom right, with horizontal positions measuring leftward.
 

  
 

   

   We will use such coordinates to describe the position and shape of each part of each letter, each word, and each paragraph, as well as any drawings or photographs to be placed on the page. We will see how lines can be drawn between coordinates and how to make the elegant curves that form the letters in a typeface (sometimes called a font).
 

  
 

   

   1.2 Placing dots
 

  
 

   

   Once we have determined what shapes we wish to put on each page, we must consider the final form of our document. You may be reading this as a physical paperback book, printed and bound by very expensive equipment. You may be reading it as an electronic document (such as a PDF) on your computer, tablet, or smartphone. Or, you may be reading it on some sort of special-purpose eBook reader. Each of these scenarios has different characteristics. Every page of the printed book is made up of hundreds of millions of little dots, each of which may be white (no ink) or black (ink). We cannot typically see the dots with the naked eye. The number of dots in a given space is known as the resolution (from the word resolve). A low-resolution image is one that the eye can easily resolve (that is, distinguish) the individual dots. A high-resolution image has dots so small and tightly packed that the naked eye cannot distinguish them.  
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