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FOREWORD

Consider the following program:

[image: Image]

Many who are used to modern programming languages will find this mystifying, yet it was not written in a deceptive style or an esoteric language. Some might recognize the funny w as a lowercase omega and place this as APL, a mathematical programming language created in the 1960s. This program calculates the first nine Fibonacci numbers (seven after the provided 1 1) using the power operator, drawn as a star with a diaeresis, a composite mark that has likely never found use—in programming or natural language—outside of APL.

It’s also a glimpse of how different “ordinary code" might have looked had language design taken a different path. Imagine an alternative computer history in which APL’s style dominates. There, computer science is still a subdiscipline of math and this seemingly arcane mathematical lexicon is the norm. APL, after all, has its advantages. Its array-based approach is natural to engineering and scientific computing. Its single-character signifiers are concise next to let or Console.WriteLine. And these symbols are truly international, unlike the English keywords that dominate programming and are increasingly questioned by programmers from other linguistic backgrounds. Perhaps, in a world where APL is dominant, lexemes drawn from a single spoken language like English would seem strange.

In Strange Code, Ron Kneusel asks us to consider unusual languages in depth: those intended for practical programming (the atypicals) or for pure creative joy (the esolangs). Both expand our idea of what code might look like and bring new light to dominant programming styles that we might have accepted unquestioningly.

The atypicals were designed with the same goal as mainstream languages: to shorten the cognitive distance between what a programmer writes and what that code will perform. Only they have found more daring paths to that goal, or simply paths that have not been adopted into the prevailing style of commercial code. Take Forth, a beloved oddball language. Forth does its computation in the stack: it is a language where one must be aware of the state of the stack to understand just how an algorithm will unfold. Learning Forth leads to a different mindset than other languages, yet sometimes provides strategies that are useful in them.

Esolangs use the cognitive distance between programmer and machine as a place of play; many choose to eschew clarity in the pursuit of other objectives. Some early esolangers, who had few or no previous esoteric languages to look at, drew from the atypical languages as inspiration. In his interview with esoteric.codes, Chris Pressey, the creator of Befunge, says his toying with language design began with building a Forth interpreter. He was driven by “a certain technical curiosity that is probably shared by every programmer who has reached a certain point in programming—the one where you start to wonder just exactly how the computer is turning the programs you’re writing into actions." Before creating Befunge, he built and abandoned a more directly Forth-inspired esolang called Maentwrog. This experimentation paid off when the idea for Befunge struck. In Befunge, code flows in multiple directions, scratching back and forth across the field of text, from right to left and vice versa, from bottom to top, in a labyrinth whose turns are determined by the code itself. Getting this to work as a language required commands that can be read in multiple directions, meaning most need to be expressed as single letters. This is much simpler when you put values in the stack instead of in, say, named variables. Forth’s stack-based model gave him the tool to manifest his creative vision.

Befunge would have been but a curiosity if it hadn’t created a community of programmers over the following years. As Scott Feeney, founder of the esolangs wiki, described to esoteric.codes: “When you build a new esoteric language with a weird set of constraints, you get people thinking: I wonder if I can do X in this language? I wonder if there’s a way to do Y?" The esolanger poses a challenge through the language. A language is a system of thought, an abstraction, a virtual machine that hides or reveals aspects of the underlying physical machine to fit its own model of computation. But the esoprogrammers who use it give it life; composing their own algorithms for it, they discover its possibilities, its absurdities, its boundaries, its aesthetic, its character. Esolanging is thus a collaborative art: the designer of a language understands what they’ve made when others bring to it their own ideas, their own approach to coding. Befunge, one of the first, casts a long shadow, with interpreters and online debuggers by many other developers, along with dozens of derivative languages that expand on its ideas.

Designing a language or even writing an interpreter can seem intimidating at first. Esolangs tend to be far simpler, so offer a better entry point. There’s a reason it’s a cliché that esolangers start by designing their own Brainfuck variant: BF’s interpreter can be written in a few lines of code, making it an easy place to try out new ideas, augmenting the command list with new features to see how it affects the cadence of Brainfuck code. Kneusel shows us several Brainfuck interpreters but also interpreters for more complex esolangs, including John Conway’s FRACTRAN, a masterpiece of bizarre elegance, coded here in Scheme. In the later chapters, he walks us through two esolangs designed for the book, which show how conceptual design decisions lead to implementation decisions and ultimately shape how code is constructed in the new languages. It is invaluable for programmers to better understand “how the computer is turning the programs you’re writing into actions," as Pressey put it, and how to shape that process, whether for practical or creative ends.

Those inspired might take the next step and design their own language from scratch. Perhaps they want to break from bland, bloated multiparadigm languages with imperative roots that seem to add the same trendy features in near unison year after year. Perhaps they will create an esolang to see if some preposterous form of computation is possible. A language where all code uses three levels of indirection? It’s Three Star Programmer, and turns out to be Turing complete. A language with only one command? SUBLEQ, also TC. A language where code is written by dancing in front of a webcam? For that, we have Bodyfuck.

If you do create a language of your own, tweet it, add it to the esolangs wiki, send it to esoteric.codes. Esolangs are better when they are shared.

—Daniel Temkin

Daniel is an esolanger, artist, and the writer of esoteric.codes, a blog about esolangs and self-expression in the text of code. Winner of the ArtsWriters.org grant from Creative Capital and the Warhol Foundation, esoteric.codes has been exhibited at ZKM and written in residence at the New Museum’s NEW INC incubator.


ACKNOWLEDGMENTS

Piglet noticed that even though he had a Very Small Heart, it could hold a rather large amount of Gratitude.
—A. A. Milne

I want to thank all the good folks at No Starch Press for believing in the book and helping it to become a reality. Particular thanks goes to Alex Freed, whose gentle nudges and suggestions have made the book all the better; Daniel Temkin for the foreword; and my brother, Bob Kneusel, for taking the time to offer his clarifications of technical matters (in other words, pointing out my errors). If any errors remain, they are solely my fault for not listening to the sage advice of others.


INTRODUCTION
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My first exposure to programming came in the summer of 1980. It involved an Apple II+ computer. As principal of the local high school, my father was able to bring it home for us to play with over the summer. It was the only personal computer in the school. I already knew about video games and had an Atari 2600 game console. But the idea of being able to make the machine do whatever I wanted it to was amazing and seductive.

The Apple II+ included a version of unstructured BASIC in ROM called Applesoft. As far as BASIC programming languages go, it was somewhat limited. However, it opened a new world to me, and I ran with it, writing small program after small program as I explored what the Apple II+ was and could do. It could ask questions, interpret answers, calculate formulas, plot pictures, and make sounds. And all of that power was at the tips of my 14-year-old fingers.

Of course, I wanted one of these godlike machines for my own. My father, likely thinking it would put me off, told my younger brother, Bob, and me we could have one if we learned how to program it. Challenge accepted!

Months later, we did just that, and for Christmas in 1981, we got our own Apple II+. I still have it; it’s sitting on a shelf some five feet from me as I type this. And it still works.

My brother and I both ended up in computer science. During high school, I taught myself BASIC, 6502 assembly, Pascal, and FORTRAN, all on the Apple II+. I fell in love with programming languages and became a programming language junkie. A high school friend showed me a cryptic and small but powerful language he had for his TRS-80 color computer. He said its name was “Forth.” I kept that in the back of my mind for years until I encountered it again in the 1990s. Forth is one of the languages we’ll explore in this book, and it was my go-to language for most of the 1990s, on a Macintosh no less. My other language at the time was Modula-2, a successor of Pascal.

Thousands of programming languages have been developed over the years. I suspect a thorough history of programming languages would occupy several volumes. However, the purpose of this book is not history. The purpose of this book is:


	To give you a sense of where programming languages came from and provide some context for the languages we use today and the structures they contain.

	To explain some of the essential elements of programming languages, so you become familiar with terms like Turing machine and Turing complete.

	To expand your thinking about what a programming language can be and how it can express thought and process in creative and elegant ways. We’ll do this by exploring various programming languages ranging from the unusual to the downright bizarre.

	To have fun! We’ll create our own programming languages, and see how we can use them to implement some algorithms. We’ll even put one on a small computer for standalone projects (the BBC micro:bit).



The “unusual to downright bizarre” programming languages have a name. They’re called esoteric languages or esolangs. Playing with and developing esolangs is a hobby for many, and even a serious pursuit for some. Most esolangs are not intended for actual work (whatever that might be). However, some languages that might be considered on the fringe of the esolang world are used for serious work. For example, Forth has been used for spacecraft control on several NASA missions, and NASA developed a language called CLIPS for expert system development. I consider languages like Forth and CLIPS to be “atypical” programming languages, with everyday languages like Python, Java, and C/C++ being typical languages. Naturally, these labels are subjective and open to debate.

Who Is This Book For?

This book is for all fans of programming languages. It’s for people enamored with the idea of encoding thought in a form usable by a machine.

I hope anyone who codes finds something of value in this book. My primary goal is to help you expand your conception of what it means to code, what programming actually is, and how coding might be expressed.

This book is truly for anyone who does more than use a computer. If you are a professional developer, you’ll appreciate the freedom that comes from thinking about your craft in unusual ways. If you are a student, you’ll hopefully see that programming can be more than what you may perceive it to be based on your introductory programming courses, as necessary as they are. If you’re a hobbyist, you’re likely already somewhat familiar with esolangs and are looking to feed your passion. Come on in, the water’s fine.

What Can You Expect to Learn?

You can expect to learn about where the programming languages you use—perhaps daily—came from. You can expect to learn about alternate ways to think about programming and, by extension, see your everyday programming in a new light.

You can also expect to learn about the essential elements of a programming language, something about what makes a programming language complete (that is, capable of expressing any program), and something about how we can even know such a thing.

You can expect to learn a little about a lot of programming languages, with a focus on esolangs and other “atypical” languages. As I indicated above, I used Forth almost exclusively for a decade to write everything from web CGI frameworks to scientific analysis tools for functional brain imaging (see Figure 1). I (not so) secretly hope a bright mind out there can see how to merge the rule-based expert system power of CLIPS with the power of modern deep learning. I suspect there’s a case to be made about why the two should work together.

[image: Image]

Figure 1: A functional brain imaging analysis program written in Forth (circa 1998)

It’s my belief you’ll learn that developing a programming language is fun, even if the language itself is not overly useful. The Filska and Firefly languages we’ll create have different potential uses, but if nothing else, Filska can crunch numbers, and Firefly can make pretty pictures on a BBC micro:bit. The appendix demonstrates that even simple languages like Firefly can be useful for more “advanced” pursuits, like genetic programming.

I also expect you’ll take what we do here and expand on it yourself. For example, the micro:bit has two pushbuttons. Why not enhance Firefly to use them? Or make additions to the ABC implementation beyond what we’ll add in the book, as it’s so simplistic that it’s begging for additions. If you do, please share your results to rkneuselbooks@gmail.com.

What I Expect You to Know Already

I expect you are already familiar with programming at some level. We’ll use Python to implement several esolangs, so it will help if you know something about Python. Beyond that, I don’t have any expectation of prior knowledge. The most important thing you can bring to this book is curiosity.

It’s said curiosity killed the cat, but you’re not a cat. For us, curiosity is what made humans conquer fire, and develop stone tools, civilizations, art, music, mathematics, science, and ultimately, a car-sized robot wandering the surface of Mars—a robot we named “Curiosity.”

If you’re curious, if you wonder “why?”, then you’ve got all the background you need to engage with the material in this book.

What This Book Is Not

Many books tell you what they are. Few tell you what they are not. I think this one should clarify itself, at least a little.

There are university courses and textbooks with titles like “Principles of Programming Languages” or just “Programming Languages.” These courses and books are highly mathematical treatments of what programming languages are. They are fascinating, but very technical, and involve a lot of math and logic. I put them in the category of theoretical computer science. This book is not one of these texts. You won’t find any deep mathematics here. The logic is implicit in the code, not formal. This book is about programming languages from a historical, practical, and, of paramount importance, fun perspective—with additional emphasis on the fun.

The end of the book points you toward more academic treatments of programming languages. Please do investigate. However, please don’t put this book down believing you need to be a computer science graduate student to follow it. You don’t. If you happen to be a computer science graduate student, please don’t put the book down, either. I promise you’ll have fun with it.

About This Book

The book reads well straight through. However, after Chapter 3, you can pretty much hop around as you wish. The first three chapters provide background and context. After that come three chapters on atypical programming languages (Forth, SNOBOL, and CLIPS) followed by five on esolangs (ABC, FRACTRAN, Piet, Brainfuck, and Befunge).

In the two chapters after those, we define, implement, and experiment with our first homegrown esolang, Filska. The two chapters after that do the same for Firefly. Lastly, the book ends by pointing you to more—there’s always more to know.

The appendix explores genetic programming with Firefly. Genetic programming evolves programs instead of writing them by hand. The simplicity of Firefly makes it well-suited to such experiments—take a look and see.

Operating Environment

We assume Linux as our operating system. Specifically, we assume an Ubuntu distribution, at least version 20.04. None of the languages we’ll explore require much in the way of external libraries, so it’s highly likely future versions of Ubuntu will work without much effort.

We won’t give explicit instructions here, but many macOS users will be able to install the languages as well. Windows users might need to work in a Unix-like environment like Cygwin, and will have to expend more effort to find some of the language tarballs and work through the installation process. Other options are using the Windows Subsystem for Linux or simply running Ubuntu in a virtual machine, both of which are easier than using Cygwin.

We need a C compiler to build some of the languages. Ubuntu usually comes with the gcc compiler suite for C and C++. You can test it with

$ gcc --version
gcc (Ubuntu 9.3.0-17ubuntu1~20.04) 9.3.0
Copyright (C) 2019 Free Software Foundation, Inc.
This is free software; see the source for copying conditions.  There is NO
warranty; not even for MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.

Almost any version of gcc will work.

If gcc is not installed, and you get an error from the command above, the simplest way to install it is

$ sudo apt update
$ sudo apt install build-essential

Once you’ve done this, repeat the command above to verify that gcc is now present.

We’ll also implement some of the languages ourselves using Python 3. The exact version of Python 3 is not critical. Ubuntu 20.04 comes with version 3.8.5,

$ python3 --version
Python 3.8.5

so version 3.8.5 or later will suffice.

Now, in the immortal words of Ms. Frizzle, “Take chances, make mistakes, and get messy!” Ready? Let’s go.


PART I

ON PROGRAMMING LANGUAGES


1
A CHERRY-PICKED REVIEW OF PROGRAMMING LANGUAGES

[image: Image]

This book’s primary goal is to explore new ways to think about coding. Doing so will help you become a better coder, regardless of what language you are using. To that end, it makes sense to review existing programming languages, especially the languages that first introduced a particular coding paradigm or strongly influenced later languages.

The languages discussed in this chapter are not esolangs. Instead, they are serious approaches to the process of coding, meaning the process of translating thought into something a computer can use to solve a problem. Some of these languages are still in use. Others flowered briefly and then died. Still others evolved into something new. All of these languages have things to teach us, in addition to being fun to learn about and work with.

We’ll begin the chapter with a bit of programming language paleontology. Following that, we’ll consider the first programming languages. Even if you are still relatively new to coding, you already have a conception of what coding is and how to do it. That wasn’t always the case—the very idea of coding had to come from somewhere. It’s worth our time to take a look.

The remainder of the chapter is a series of vignettes, in roughly chronological order, that introduce us to a collection of programming languages we should keep in the back of our minds as we move through the book. We’ll spend the next few chapters exploring select languages in still more detail before diving into esolangs proper.

There are thousands of programming languages (see http://www.info.univ-angers.fr/~gh/hilapr/langlist/langlist.htm), so why this particular set? I selected languages that were important to the development of future languages and, as such, often represent a new conception of programming, or languages that were novel in some way that will help us when we get to esolangs.

All of the languages presented in this chapter were invented before the year 2000. Of course, that’s not to say programming language development stopped with Y2K. There are a plethora of new languages: Rust, Scala, Julia, Go, Kotlin, and Swift are all examples of languages developed after 2000. There will be no end to developing new programming languages. However, the current trend in language design leans toward multi-paradigm languages that take the best of what came before and mix it in some way with the hope of creating synergy. In other words, something greater than the sum of its parts. This trend validates our review of older languages with novel ideas as that is precisely what new languages are doing.

Let’s begin.

Programming Language Paleontology

Paleontology, literally the study of ancient being, is concerned with the history of life on Earth as well as the equally important diversity of life, that is, the number and kind of species. An important event studied by paleontologists is the Cambrian explosion, which was the sudden appearance of a huge assortment of animals in the fossil record.

The best-known fossil site related to the Cambrian explosion, from a time just after it, is the Burgess Shale of western Canada. The Burgess Shale is a priceless fossil site, half a billion years old, where the soft body parts of a myriad of animals, most unlike any living today, are preserved.

Burgess Shale fauna, entirely marine, has familiar representatives, like trilobites, which are favorites of fossil collectors. But the real stars of the Burgess Shale are weird animals like anomalocaris, a large predator so unusual that its various body parts were originally classified as separate animals, or the five-eyed Opabinia, with its single, trunk-like arm and claw. Then there is Hallucigenia, a spiny, worm-like creature initially described upside down as if it were walking the sea floor on its spines.

Later life, which for us means more mainstream life, is definitely more familiar, if less diverse. Fish dominated the later Paleozoic seas and eventually wandered out of the water onto land to become the first tetrapods, a body plan that land-dwelling vertebrates from crocodiles to pterosaurs, dinosaurs, elephants, and humans have maintained virtually unchanged ever since.
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Figure 1-1: A geologic time scale of programming languages

Figure 1-1 shows a time scale of geologic history with programming languages marked at various places.

The silhouettes in Figure 1-1 indicate the type of life dominant at the time. What is important for us is not so much the time scale, but the diversity of life. Modern life, signified by the mammals during the Cenozoic era, such as Smilodon, the famed sabre-toothed cat, and the mighty mammoth, are related to newer languages like Python, Java, and C#. These languages are familiar and not at all surprising to us.

For the Mesozoic we have dinosaurs, including Alectrosaurus, a hunter who terrorized the late Cretaceous. Also present are a living tank, Edmontonia, and Achelousaurus, the prehistoric equivalent of a buffalo, but with fearsome horns. Although different in some ways, and perhaps a bit old, dinosaurs are familiar, so I’ve placed C and C++ in their company. Lest you think I’m slighting C and C++, do remember that the dinosaurs ruled the land for more than 100 million years and continue to rule the air even now, for birds are dinosaurs.

The later Paleozoic era, the Age of Fishes, seems a good place for unusual, but still not entirely alien, programming languages like Forth, SNOBOL, and CLIPS, all three of which we’ll explore in this book. The fish silhouettes from the time are Eusthenopteron, the lobe-finned Sarcopterygii, and the jawless and armored Ostracoderm.

The Burgess Shale, the time of Anomalocaris, Opabinia, and Hallucigenia, is also marked. The diversity and unusual body plans of the Burgess Shale seem a perfect analogy for esolangs—experimental, perhaps evolutionary dead ends, but important all the same because they pushed the boundaries of what could be, before natural selection’s heavy hand decided who continued and who didn’t.

To me, esolangs are like the weirdly wonderful animals of the Burgess Shale. Like those animals, esolangs are experiments, forays into what could be, existing and thriving even if not destined to endure. The animals of the Burgess Shale made paleontologists rethink and reevaluate how they approached ancient life. Similarly, esolangs, if we let them, make us rethink and reevaluate how we approach programming.

Esolangs are weird, often very strange and alien, but that’s the point. Like the beautifully bizarre animals of the Burgess Shale, esolangs explore niches in novel, unusual ways that might not be practical, but are definitely interesting and, most of all, fun.

There you have it: geology and computer science living together, sans mass hysteria. Hopefully, Figure 1-1 provides some food for thought, or at least an alternative viewpoint. We’ll refer to Figure 1-1 from time to time throughout the book, but for now, let’s move on and explore the first programming languages.

The First Programming Languages

What was the first programming language? That’s a difficult question to answer without defining programming language. We’ll define what we mean by a programming language in Chapter 2. For now, we’ll use an intuitive definition: a programming language is a means by which an algorithm can be encoded to control a machine, specifically a computer.

Programming Before Computers

The idea of a programmable machine predates the idea of a programmable computer. The Jacquard loom, a loom that used punch cards for control, was introduced in 1804. The pattern of dots on the card controlled the movement of threads in the loom to specify the pattern woven. There is a language there, something that can be varied to produce a different output. Change the pattern of holes on the card and a new pattern emerges from the machine. The rolls for a player piano work in much the same way.

In fact, the first “modern” computer design, Charles Babbage’s Analytical Engine, was influenced by the Jacquard loom. Although the Analytical Engine was never built, the engine had all the key components found in a modern computer and was programmable using punch cards. In 1843, while translating a set of lecture notes on the Analytical Engine from French to English, Ada Lovelace, Babbage’s long-time friend and daughter of the famous poet Lord Byron, wrote about the capabilities and potential uses of the Analytical Engine. She envisioned using the Analytical Engine for computation, but went further, imagining that the engine could be used for composing music and would release scientists from tedious computation, thereby freeing them for more advanced thinking. Ada was correct on both counts.

The translation, and more importantly, Ada’s insightful and brilliant notes, are in “Sketch of the Analytical Engine” in volume III of Taylor’s Scientific Memoirs (1843, pp. 666–731). An online search will quickly locate a PDF version. I highly recommend reading through Ada’s notes, at least Note A. However, Ada’s Note G is most important to us. There, she applied an algorithm to the engine to compute Bernoulli numbers to demonstrate how the engine would compute the result. Bernoulli numbers are used in different areas of mathematics, but how they are used is unimportant to us. What matters is that Ada took an algorithm and structured it for the Analytical Engine—that is, she wrote a program for a general-purpose computer. It then seems fair to claim that Ada wrote the world’s first computer program in 1843. The programming language she used was the diagram of development notation she introduced in Note D.

Figure 1-2 presents Ada’s program. It details the sequence of steps, the variables involved, and how they change during the computation. Various people have translated her program into modern programming languages. Of particular interest is that she seems to have made an error, the world’s first computer bug.
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Figure 1-2: Ada Lovelace’s Analytical Engine program to calculate the eighth Bernoulli number (1843)

Step 4 of Figure 1-2 calculates v5 / v4; however, the correct calculation is v4 / v5. With that modification, translations into modern languages produce the correct result: – 1/30. Translations into C and Python are available on the internet. To learn more about Ada’s life, I recommend Ada’s Algorithm, by James Essinger (Melville House, 2015). She was ahead of her time, even though her own life was so short.

The First Modern Programming Languages

The first programming language in the modern sense was Plankalkül, developed by Konrad Zuse around 1943, 100 years after Ada’s first program. Plankalkül is German for “plan calculus” or “plan calculation.” Zuse used Plankalkül as a high-level programming language, though it was not implemented for any of his “Z” series computers. The language supported structured programming with for and while loops, floating-point arithmetic, arrays, and other features found in modern programming languages. Interestingly, the syntax of Plankalkül is 2D, with symbols written above other symbols. Zuse’s word for a program was “rechenplan,” which means “arithmetic” or “computation” plan. A good summary of Plankalkül can be found in “The Plankalkül of Konrad Zuse: A Forerunner of Today’s Programming Languages,” by Bauer and Wössner, Communications of the ACM 15, no. 7 (1972).

Lovelace and Zuse, respectively, deserve credit for the first program and the first programming language. But neither program nor language worked on actual, physical computers. The first programming language for a working computer is likely up for much debate. Early computers like ENIAC were programmed by rewiring. The Manchester Baby, circa 1948, was the first stored-program computer, so in that sense, it had a programming language—the instructions stored in its memory. We call the low-level instructions understood by a processor machine language or machine code. Machine code is a programming language, as are the assemblers that generate the machine code from assembly language.

Machine code and assembly aside, the first programming language used on an actual computer is probably Short Code, developed by John Mauchly in 1949 and implemented by William Schmitt for the UNIVAC I in 1950. Short Code supported arithmetic, including branching and a set of library functions like square root and absolute value. Expressions were transliterated from algebra to code and then manually packed into six 2-byte groups to fit the 12-byte words of the UNIVAC. Short Code was interpreted and parsed the meaning of an instruction from a tokenized representation of the program. In other words, Short Code worked much like the BASIC that interpreters built into early home computers of the 1980s. Running on a computer from the 1950s, interpreted Short Code must have been exceedingly slow to execute.

The first proper compiler, at least as credited by Knuth and Pardo in “The Early Development of Programming Languages” in A History of Computing in the Twentieth Century (Academic Press, 1980) is AUTOCODE by Alick E. Glennie at the University of Manchester, circa 1950–52. Unlike Short Code, AUTOCODE was compiled, meaning it was translated into equivalent machine code instructions. Visually, AUTOCODE looks a bit like machine code with text thrown in here and there.

While AUTOCODE and its successors were under development in the UK, in the US, Grace Hopper, Margaret H. Harper, and Richard K. Ridgeway were working on their compilers for the UNIVAC: A-0 to A-2. In 1954, John Backus defined “The IBM Mathematical FORmula TRANslating system, FORTRAN,” and by 1957, the first FORTRAN compiler was released.

The development of FORTRAN was a watershed moment. Programming language design kicked into high gear in the late 1950s. Most notable of the languages defined in the later 1950s, besides FORTRAN, is John McCarthy’s Lisp in 1958. It is truly impressive that both FORTRAN and Lisp are still in widespread use today. High-performance computing (HPC) makes frequent use of FORTRAN. Later in the book, we’ll use a version of Lisp to implement a FRACTRAN interpreter. We’ll focus on FRACTRAN, perhaps the most unusual of esolangs, in Chapter 8.

The last pre-1960 programming language of note is COBOL. It was designed by a committee in 1959, with the first version appearing a year later. Rightly or wrongly, COBOL is still in use today. Unlike FORTRAN, a language for research scientists, and Lisp, a language for computer scientists, COBOL was a language intended for business use. COBOL programs are highly structured, rigid, and verbose. For example, consider this snippet from the COBOL 60 report defining the language:

IF X EQUALS Y THEN MOVE A TO B; 
OTHERWISE IF C EQUALS D THEN MOVE A TO D AND
IF Y EQUALS Z THEN ADD B TO C

The early years of programming language development resulted in the basic form and concept of a general-purpose programming language. The three critical languages to come out of this era are FORTRAN, Lisp, and COBOL. All three are still in use.

FORTRAN was a natural choice for what is still a primary use of computers: number crunching. COBOL is an early example recognizing that commercial use of computers was something apart from their scientific use. Lisp was far in advance of its time, but slow, resource-limited computers made it difficult for Lisp to live up to its potential.

Let’s now examine 10 different programming languages. These languages represent major transitions in the evolution of programming languages because of what they introduced or how they grew in popularity or opened the arcane art of coding to a larger population.

ALGOL

The first language we’ll consider, ALGOL, gave rise to entire generations of programming languages and still influences programming languages today. ALGOL, like COBOL, was designed by committee.

ALGOL is a compiled, structured, imperative programming language, meaning it looks familiar to modern programmers. Subsequent programming languages inspired by ALGOL include Simula, PL/I, and Pascal, all mentioned later. ALGOL captured the essentials of what imperative programming is: a structured way to give step-by-step instructions to the computer.

Listing 1-1 is a simple program to compare two integers.

#  Ask for two ints and report their relationship #
( print("enter an integer: ");
  INT a = read int;
  print("now enter another integer: ");
  INT b = read int;
  IF (a > b) THEN
    print((a, " is greater than ", b, new line))
  ELSE 
    IF (b > a) THEN
      print((b, " is greater than ", a, new line))
    ELSE
      print((a, " is equal to ", b, new line))
    FI
  FI )

Listing 1-1: Comparing numbers in ALGOL 68

Even without knowing the language, the form should be familiar to you if you know any modern structured programming language. Notice that the program begins with ( and ends with ) instead of BEGIN and END. The latter works as well and is what users of Pascal or Modula-2 expect to see, but ALGOL’s free-form approach allows parentheses to denote code blocks.

If you’re interested in trying ALGOL, you should look to Marcel van der Veer’s “Algol 68 Genie” implementation (see https://jmvdveer.home.xs4all.nl/en.algol-68-genie.html), which runs on Linux and Windows. You’ll find extensive documentation on his site, all you need to learn the language. The Ubuntu package is algol68g. Listing 1-1 is in bigger.a68. To run it, enter

> a68g bigger.a68

Figure 1-3 shows ALGOL’s descendants.
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Figure 1-3: The ALGOL family tree

Naturally, programming languages can have multiple influences, but this tree seems quite reasonable.

APL

In 1962, Kenneth E. Iverson published A Programming Language, detailing a new programming language designed with arrays in mind that, in a show of boundless creativity, came to be called APL. One of the defining characteristics of APL is its nonstandard character set. That fact sometimes turns off would-be learners. For us, Iverson’s use of alternative characters is an excellent reason to include APL in our list of programming languages. However, the real reason to include APL is that it was the first array-processing language. Array-processing is a paradigm we’ll encounter in a later chapter, but, in a nutshell, it involves wholesale operations on arrays in a compact way. For a modern comparison, consider Matlab or Python with NumPy.

APL sessions are typically interactive. Listing 1-2 shows GNU APL in action. The user’s input is indented and the system’s responses are not.

      x ← ι10        
      10 × x                
10 20 30 40 50 60 70 80 90 100
      y ← 4 4 ρ 16 ? 100
      y
97  5 92 67
49 74 63 29
23 85 56 33
78 77 98 81

Listing 1-2: APL in action

The first line of Listing 1-2 assigns (←) whatever ι100 returns to the variable, x. APL’s many operators each have two modes. If used in a unary fashion (that is, on a single operand), then the use is monadic. If used in a binary fashion (on two operands), then the use is dyadic. In this case, the monadic use of ι returns the vector 1 2 3 4 5 6 7 8 9 10, which is exactly how it would be entered manually. Thus, the first line is equivalent to x = np.arange(1,11) in Python using NumPy. The second line in Listing 1-2 multiplies each element of x by 10.

The dyadic form of ι searches for its second argument in the first. For example, consider the following APL code:

      x ← 10?10        
      x                               
7 9 4 2 10 5 6 3 8 1                
      xι10
5

Here we use the dyadic form of ? to set x to a 10-element vector of random integers from 1 to 10, without repeats. Next, the dyadic form of ι searches x for the number 10 and returns its index, 5. APL indexes from 1, not 0. If the dyadic form of ? returns vectors of random integers between 1 and some upper limit, what might the monadic form of ? do? If you guessed return a random integer, you are correct: ?n returns a random integer in [1, n].

The second assignment in Figure 1-2 sets y to a 4 × 4 matrix of random integers in [1, 100]. We use ? to ask for 16 numbers, and then use ρ (rho) to reshape the 16-element vector into a 4 × 4 matrix before assigning it to y. To index a vector or array, use [image: Image] (vertical rectangle) as in 3 [image: Image] x to access the third element of vector x or 2 3 [image: Image] y to access y23 of matrix y.

One quirk of APL is that expressions are evaluated from right to left, with no operator precedence rules. As a consequence, parentheses must be used to enforce desired behavior. For example, according to APL, the first of the two expressions below is completely correct.

      3 × 6 + 2
24
      (3 × 6) + 2
20

Virtually every other programming language will tell you that both expressions equal 20 because multiplication is performed before addition. However, APL parses the first expression as “add 2 and 6 to get 8, then multiply by 3 to get 24.”

APL is compact and powerful but also cryptic, and thus comes with a high learning curve. This, to say nothing of the early difficulties in using its alternative character set, has limited its use. Perhaps because of these difficulties, Iverson and Roger Hui developed J, an ASCII version of APL in the early 1990s (https://www.jsoftware.com/). J retains the power of APL and expands on its capabilities to be more useful on modern computer systems. However, like APL, J has a high learning curve, creating the potential for high reward in learning a new way to think about what it means to code.

BASIC

Almost everyone who used a microcomputer in the 1980s is at least somewhat familiar with BASIC. The “Beginner’s All-purpose Symbolic Instruction Code” was developed at Dartmouth College in 1964 by John G. Kemeny and Thomas E. Kurtz. BASIC was originally an unstructured programming language, meaning it used gotos to control program flow, and was intended for students and non-professionals. In the late 1970s, when the microcomputer revolution took off, most computers included BASIC, usually in ROM. The first programming language many current software engineers learned was unstructured BASIC on a personal computer from the 1980s. As a result, BASIC’s impact on software development is significant and continues to this day.

BASIC was interpreted and often stored in memory as tokens, much like Short Code, described above. BASIC lives on as Visual Basic, which uses structured programming and is fully object-oriented. Visual Basic is still one of the most widely used programming languages.

Listing 1-3 shows a simple BASIC program for the Apple II to simulate coin flips.

10  HOME
100  REM COIN FLIPPER
110  PRINT : INPUT "HOW MANY FLIPS:";N
120  IF N < 1 THEN  END
130 K = 0:T = 0:H = 0: PRINT
140 C =  INT (2 *  RND (1))
150  IF C = 0 THEN  PRINT "T";:T = T + 1
160  IF C = 1 THEN  PRINT "H";:H = H + 1
170 K = K + 1
180  IF K < N THEN  GOTO 140
190  PRINT : PRINT
200  PRINT H;" HEADS AND ";T;" TAILS"
210  PRINT "DO YOU WANT TO TRY AGAIN?": INPUT A$
220  IF A$ = "Y" THEN  GOTO 10
230  HOME : END

Listing 1-3: An Applesoft BASIC program to simulate coin flips

BASIC used line numbers, required for every line, to provide targets for GOTO statements. Different dialects of BASIC provided various commands, but all had GOTO and many had ON-GOTO to provide a simple computed goto construct. BASIC also supported subroutines via GOSUB, though most did not support recursion. Although perhaps scoffed at by many more serious programmers back in the 1960s and onward, the fact that BASIC continues today validates its utility.

PL/I

PL/I (Programming Language 1) was developed by IBM in the mid-1960s as a general-purpose programming language for all uses, scientific to business. As such, it competed directly with FORTRAN and COBOL. IBM has maintained PL/I and it’s currently available for IBM mainframe computers. The language itself is structured and imperative, and borrowed concepts from ALGOL, FORTRAN, and COBOL, as one might expect from a jack-of-all-trades language of the time. PL/I was in steady use from the late 1970s through the mid-1990s and represents one of the first languages intended to meet all programming needs.

Even though PL/I survives on IBM mainframes, its use elsewhere is negligible. New development in PL/I is likely equally insignificant. As an example of the language, Listing 1-4 shows a simple loop that outputs “Hello, world!” repeatedly.

hello:proc options(main);
  declare i fixed binary;
  do i = 1 to 10;
    put skip list("Hello, world!");
  end;
end hello;

Listing 1-4: A PL/I greeting

This example is quite readable, even now, though wordy, requiring four words to declare a simple integer variable. The influence of FORTRAN and ALGOL is evident via FORTRAN’s DO loop and ALGOL’s END.

Logo

In 1967, Wally Feurzeig, Seymour Papert, and Cynthia Solomon gifted generations of students with Logo, a “simplified” version of Lisp intended to teach programming concepts. Logo, which means “word” or “thought” in Greek, is intended to foster thinking about programming, especially thinking about how the Logo turtle will behave given the commands the students enter.

Figure 1-4 shows a simple Logo session. The user enters commands at the bottom of the screen, and the triangular “turtle” responds.
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Figure 1-4: Drawing with the Logo turtle

Most commands are easy to understand, even if you’ve never seen Logo before. The commands in Figure 1-4 are, with comments

repeat 16 [         ; repeat commands in [ ] 16 times
    repeat 4 [      ; repeat commands in [ ] 4 times
        fd 50       ; turtle forward 50 pixels
        rt 90       ; turtle turn right 90 degrees
    ]
    rt 22.5         ; turn right 22.5 degrees
]
pu                  ; pen up
fd 80               ; forward 80 pixels
rt 40               ; right turn 40 degrees

The inner repeat command draws a square with the turtle ending where it began. The 22.5 degree right turn tilts the turtle to draw another square. Since 16 × 22.5 = 360, 16 repetitions completes the pattern. The final instructions move the turtle off the pattern. Note that this particular Logo example is for Berkeley Logo. The exact form of the commands might be slightly different for another implementation. Logo is still used to teach programming concepts to children; see “Turtle Academy” (https://turtleacademy.com/). As Logo represents one of the first attempts to develop a programming language designed for teaching children, it deserves a place in our pantheon of languages.

Simula

The first object-oriented language was Simula, developed by Kristen Nygaard and Ole-Johan Dahl. As the name suggests, Simula was first used for discrete-time simulations and evolved into a general-purpose language by 1967 (Simula 67). Simula brought the world classes, objects, and inheritance. The description that follows is specific to Simula 67. I tested the examples with the GNU cim compiler (https://www.gnu.org/software/cim/), which is a bit tricky to build (at least version 5.1 is, which is the latest version available as of this writing). The cim compiler translates Simula to C before calling the standard gcc compiler to build the final executable.

The “Hello, world!” program in Simula isn’t particularly impressive.

comment Hello world;
begin
    OutText("Hello, world!");
    OutImage;
    OutText("How are you today?");
end

It’s immediately clear that OutText prints something, and it’s reasonable to guess that OutImage acts like a newline, which it does. Structurally, Simula is part of the ALGOL family, with blocks denoted by Begin and End and semicolons to separate statements. Simula isn’t case sensitive, so Begin and BEGIN are equivalent. Comments begin with comment or an exclamation point and end with a semicolon, like other statements. If you’re familiar with Modula-2 or Pascal, then Simula syntax should look familiar.

Simula is a structured language, like ALGOL, so both for and while control structures are present. Simula’s for is more flexible than in most other languages. For example, for iterates over a list of values, some of which may specify ranges. Consider the program

begin
    integer r;
    for r:= 1,1, 3 step 3 until 18, -12 do
    begin
        OutInt(r,5);     OutText(" ");
        OutInt(r*r,5);   OutText(" ");
        OutInt(r*r*r,5); Outimage;
    end
end

which outputs a table of squares and cubes:

    1     1     1
    1     1     1
    3     9    27
    6    36   216
    9    81   729
   12   144  1728
   15   225  3375
   18   324  5832
  -12   144 -1728

Here, r is 1 for the first two iterations of the loop, then runs from 3 through 18 by threes, and ends with –12.

However, if this were all Simula offered, it wouldn’t be worth discussing. Simula’s true gift to the world is object-oriented programming (Listing 1-5), for which both Nygaard and Dahl received the Turing Award in 2001.

begin
  class Person;
  begin
    text first, last;
    integer age;
    procedure Print;
    begin
      OutText(first); OutText(" ");
      OutText(last); OutText(", age");
      OutInt(age,3); Outimage;
    end;
  end;

  Person class Pal;
  begin
    text nickname;
    procedure Print;
    begin
      OutText(nickname);
      OutText(" is ");
      This Pal Qua Person.Print;
    end;
  end;

  ref(Person) Fred, Barney;
  ref(Pal) Wilma, Betty;

  Fred :- new Person;
  Barney :- new Person;
  Wilma :- new Pal;
  Betty :- new Pal;

  Fred.first :- "Fred";         Barney.first :- "Barney";
  Fred.last :- "Flintstone";    Barney.last :- "Rubble";
  Fred.age := 37;               Barney.age := 34;
  
  Wilma.first :- "Wilhelmina";  Betty.first :- "Elizabeth";
  Wilma.last :- "Flintstone";   Betty.last :- "Rubble";
  Wilma.age := 35;              Betty.age := 31;
  Wilma.nickname :- "Wilma";    Betty.nickname :- "Betty";

  Fred.Print;
  Wilma.Print;
  Barney.Print;
  Betty.Print;    
end

Listing 1-5: Using classes in Simula 67

Listing 1-5 shows us how to define and use classes. We define two classes, Person and Pal, a subclass of Person. Person uses the familiar class keyword and then defines first and last names as type text, a string object, along with age, an integer. Person defines one method, Print, to print the person’s full name and age.

Pal is a subclass of Person. It adds nickname and overrides Print to output the nickname before throwing in the strange line

This Pal Qua Person.Print;

which is a way to call the Print method of the superclass, Person. The phrase This Pal is a reference to the object itself. It returns a reference to the current object much like this in C++. The phrase Qua Person.Print interprets the reference returned by This Pal as a Person object so the proper Print method is called. (“Qua” is derived from Latin and means “in the capacity of” or “as.”)

To use instances of these classes, we must create reference variables and then use new to assign the references to the actual instances. The :- operator assigns objects created on the heap to references. The := operator assigns values to variables. Simula includes automatic garbage collection, so there is no need to delete objects when no longer needed.

To populate the objects, we use both :- and :=. Strings are objects, so :- assigns them to the text objects, whereas := is used to assign age as it is an integer. First we populate the two instances of the parent class, Fred and Barney, with names and ages. Then we populate the two Pal subclass instances, Wilma and Betty, in much the same way, this time including nicknames.

The goal of all of Listing 1-5 is to call the Print methods of the now populated objects, which produces

Fred Flintstone, age 37
Wilma is Wilhelmina Flintstone, age 35
Barney Rubble, age 34
Betty is Elizabeth Rubble, age 31

Notice that the proper Print method is called on each object to produce the desired output string.

Simula was well ahead of its time. Object-oriented programming took well over a decade after Simula 67 to catch on and, arguably, 20 years to become widely employed in the commercial software world. Simula’s strong association with simulation hurt the adoption of the language. As we’ve seen here, Simula is much more than a simulation language and even now fits into what we expect an object-oriented language to be.

Pascal

Niklaus Wirth released Pascal in 1970. It is a direct descendant of ALGOL and was widely used into the 1980s, primarily to teach structured programming concepts. After unstructured BASIC, many software engineers learned Pascal as their first “serious” programming language. Early versions of the Macintosh operating system were written, at least partially, in Pascal. UCSD Pascal, followed by commercial products like Turbo Pascal, brought the language to microcomputers. As with BASIC above, Pascal has strongly influenced a generation of developers, to say nothing of programming language development as a whole, so it deserves a place in the pantheon as well.

Look again at Figure 1-3. There are two main branches of the ALGOL family of languages, one based on C and the other on Pascal. The Pascal branch leads to Modula-2, which overcame Pascal’s shortcomings but was never particularly popular, at least in North America. Ada was created by the US Department of Defense (DoD) as a standard for all development in the 1980s (Ada is named after Ada Lovelace). The DoD required the use of Ada for projects from 1991 to 1997. At present, Pascal has fallen into obscurity, and Modula-2 and its descendants, along with Ada, are even less popular. However, Pascal lives on as Delphi/Object Pascal. As a straightforward, structured programming language without object-oriented abilities, there was little reason to select Pascal after the rise of C and C++.

Listing 1-6 gives us a feel for the language.

program nonsquares;

var
   n : integer;

begin
    for n := 1 to 120 do begin
        write(n + trunc(0.5 + sqrt(n)):4);
        if (n mod 10) = 0 then writeln;
    end;
    writeln
end.

Listing 1-6: Generating the sequence of nonsquare integers

Pascal looks quite similar to ALGOL and Simula. This particular program produces a table of 120 numbers.

   2   3   5   6   7   8  10  11  12  13
  14  15  17  18  19  20  21  22  23  24
  26  27  28  29  30  31  32  33  34  35
  37  38  39  40  41  42  43  44  45  46
  47  48  50  51  52  53  54  55  56  57
  58  59  60  61  62  63  65  66  67  68
  69  70  71  72  73  74  75  76  77  78
  79  80  82  83  84  85  86  87  88  89
  90  91  92  93  94  95  96  97  98  99
 101 102 103 104 105 106 107 108 109 110
 111 112 113 114 115 116 117 118 119 120
 122 123 124 125 126 127 128 129 130 131

Look carefully at the table; do you see what isn’t there? The table contains every integer less than 132 except for all the perfect squares: 4, 9, 16, 25, 36, 49, 64, 81, 100, and 121. The program implements the sequence
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which has the remarkable property of bypassing all perfect squares, as n is incremented from one.

Pascal programs begin with program followed by a variable declaration section beginning with var. Here we define one integer variable, n. The body of the program is between begin at the beginning and end. at the end. Note that the period is required for the final end. Blocks of code are also enclosed within begin and end.

The body of this program is a single for loop running from 1 to 120. The body of the loop is a write statement, which does not move to the next line when done. The number output is the equation above for the current value of n. The argument :4 tells Pascal to right-justify the output in four spaces. The code also tells the program to move to the next line if n is a multiple of 10.

Pascal was intended for teaching and wasn’t suitable for system-level programming without nonstandard extensions. Wirth enhanced Pascal to make Modula-2, which was suitable for system-level programming. However, Modula-2 never reached its full potential in the commercial world. Regardless, Wirth’s Pascal, and subsequent languages, rightfully earned him the Turing Award in 1984.

Prolog

Most programming languages are imperative. That is, programs are a recipe, a series of “do this” followed by “now do that.” However, in Prolog, things are different. Prolog is a declarative language. Relationships are encoded as rules, and it’s up to the Prolog engine to figure out how to accomplish the goal of answering a user query. Prolog was created in 1972 by Alain Colmerauer and Robert Kowalski and is still in limited use today.

A Prolog program is a series of facts, rules, and queries. We’ll learn what these are in a bit. Thinking in Prolog is quite different from thinking in most languages. Imperative languages are natural, and object-oriented languages build on that. Even APL makes sense once you understand the odd characters. But Prolog is an entirely different beast. We’ll only scratch the surface of it here. Later in the book, we devote an entire chapter to CLIPS, which is somewhat like Prolog, so we’ll struggle with this mode of thinking then.

This section presents two small Prolog examples. I used SWI-Prolog (https://www.swi-prolog.org/), which is most easily installed on Ubuntu by typing the following command:

> sudo apt-get install swi-prolog-nox

Please see the Prolog website for the macOS and Windows versions.

Modeling Family Relationships

The canonical Prolog example involves family relationships. Our example is in family.pl, with the most important parts shown in Listing 1-7.

male(uranus).
male(cronus).
male(zeus).
--snip--
female(gaia).
female(rhea).
female(hera).
--snip--
parent(uranus, cronus).
parent(gaia, cronus).
parent(cronus, zeus).
--snip--
married(zeus, hera).
married(hephaestus, aphrodite).

father(X,Y) :- parent(X,Y), male(X).
mother(X,Y) :- parent(X,Y), female(X).
child(X,Y) :- parent(Y,X).
sibling(X,Y) :- parent(P,X), parent(P,Y), dif(X,Y).
brother(X,Y) :- sibling(X,Y), male(X).
sister(X,Y) :- sibling(X,Y), female(X).
grandparent(X,Y) :- parent(X,A), parent(A,Y).
grandfather(X,Y) :- grandparent(X,Y), male(X).
grandmother(X,Y) :- grandparent(X,Y), female(X).
greatgrandparent(X,Y) :- parent(X,A), parent(A,B), parent(B,Y).
greatgrandfather(X,Y) :- greatgrandparent(X,Y), male(X).
greatgrandmother(X,Y) :- greatgrandparent(X,Y), female(X).
cousin(X,Y) :- sibling(A,B), parent(A,X), parent(B,Y), dif(X,Y).
aunt(X,Y) :- sister(X,A), parent(A,Y).
uncle(X,Y) :- brother(X,A), parent(A,Y).
wife(X,Y) :- female(X), (married(X,Y); married(Y,X)).
husband(X,Y) :- male(X), (married(X,Y); married(Y,X)).
paramour(X,Y) :- child(A,X), child(A,Y), \+ married(X,Y), dif(X,Y).

Listing 1-7: Family relationships in Prolog

Let’s walk through the code in Listing 1-7 before exploring what Prolog can do with it. The first portion of the code builds a knowledge base, which is a listing of facts. The code presents facts about the relationships between the classic Greek gods. For example, according to mythology, the parents of Cronus are Gaia and Uranus, so the knowledge base uses the lines parent(uranus, cronus). and parent(gaia, cronus). to state this.

Note that Prolog doesn’t have a parent function’ thus, the statements are facts relating two atoms. Atoms are generic names, a collection of characters treated as a symbol and acting as a single unit. There is a relationship called parent and gaia and cronus share it. We read the fact as “Gaia is the parent of Cronus.” Similarly, the knowledge base also labels the sex of the gods. Read female(hera). as “Hera is female.” Notice that facts, and later rules and queries, end with a period. The knowledge base identifies the sex, parents, and whether or not two gods were considered married. Again, these are the facts that Prolog will work with. To do anything interesting, we need some rules to go with the facts. That’s the second part of Listing 1-7.

Using family relationships helps because we are all so familiar with them. For example, we define a rule to decide if X is the father of Y, where atoms beginning with a capital letter are logical variables. Prolog will try to satisfy rules by locating values for these variables. The rule defines the relationship as “If X is the parent of Y and X is male, then X is the father of Y.”

The left-hand side of father(X,Y) is true if the right-hand side is true. The right-hand side is true if parent(X,Y) is true and (comma) male(X) is true. Prolog uses a comma for “and” and a semicolon for “or.” With just this bit of knowledge, we can read the rest of the rules. A mother is a parent and female. Someone, X, is the child of Y if Y is the parent of X.

The rule for sibling says two people are siblings if they share a parent. That much makes sense. The last part of the rule is dif(X,Y). It adds “and X and Y are not the same” to the rule. This is there because we don’t normally think of ourselves as our own siblings.

The rule for wife uses parentheses and a semicolon for “or.” X is a wife if she is female and married to Y. Prolog doesn’t intuitively know that the rule married(X,Y) implies married(Y,X), so either case is checked.

The final rule is paramour, because, after all, we’re talking about ancient Greek gods. Here, X is a paramour of Y if A is a child of both X and Y, X and Y are not married (\+ is like “not”), and X and Y are different. Read through the rules in Listing 1-7 until you feel comfortable with what they express.

Prolog programs are not loaded, but are rather consulted. The line

> swipl family.pl

consults family.pl, after which Prolog presents its prompt and waits patiently for user input. Let’s ask Prolog some questions about the gods and see if it can answer them based on the facts and rules we fed it (see Listing 1-8).

?- married(zeus,hera).
true.
?- wife(X,zeus).
X = hera ;
false.
?- mother(hera,W).
W = ares ;
W = hephaestus ;
W = eris.
?- mother(X,hera).
X = rhea.
?- mother(X,zeus).
X = rhea.
?- father(zeus,W).
W = ares ;
W = hephaestus ;
W = eris ;
W = athena ;
W = hermes ;
W = apollo ;
W = artemis ;
W = dionysus.

Listing 1-8: Exploring family relationships

Listing 1-8 shows a Prolog session where family.pl has been consulted. User input is in bold with Prolog’s replies following. First, we ask Prolog if Zeus and Hera are married. Prolog replies true, as this is simply a fact in its knowledge base.

Next, we ask Prolog to find an X such that X is the wife of Zeus. Notice that the rule is defined such that X is the wife of Y so the query is wife(X,zeus) and not wife(zeus,X) which would be asking the question “who is Zeus the wife of?” Prolog finds one match, one binding for X that makes the query true: Hera. The user then enters the bold semicolon. After Prolog finds a solution, if it can’t decide that there are no other solutions to the query on its own, it pauses and waits for the user to enter a semicolon to tell Prolog to search for more solutions. The final false is Prolog telling the user that no more solutions were found.

Then we ask Prolog, “Hera is the mother of who?” and we’re correctly told Ares, Hephaestus, and Eris. Next we ask, “Who is the mother of Hera?” and, again correctly, Prolog answers Rhea. The following query tells us that Rhea is also Zeus’s mother. The ancient gods certainly had complex family relationships.

We next ask Prolog to identify the children of Zeus. Specifically, we ask, “Zeus is the father of who?” and are correctly told he is the father of eight other gods, much to the annoyance of Hera.

A few more examples will drive home how Prolog works. Listing 1-9 shows Prolog’s response to the query “Who are Zeus’s paramours?”

?- paramour(zeus,W).
W = metis ;
W = maia ;
W = leto ;
W = leto ;
W = semele.
?- grandmother(X,apollo).
X = rhea ;
false.
?- greatgrandfather(X,artemis).
X = uranus ;
false.

Listing 1-9: More family relationships

Notice that Leto is listed twice. The rule for paramour is

paramour(X,Y) :- child(A,X), child(A,Y), \+ married(X,Y), dif(X,Y).

meaning that X and Y are paramours if they are not married and have a child together. In mythology, Zeus and Leto have twins, Apollo and Artemis. There-fore, Prolog finds that Leto and Zeus are paramours in two different ways, once for Apollo and again for Artemis. There are ways to capture responses and return only unique solutions, but using them here would only cloud the example. The final two queries in Listing 1-9 illustrate that Prolog can resolve queries involving grandparents and great-grandparents.

Implementing the Fibonacci Sequence

Our last Prolog example shows how it works with numeric data and its support for recursion. Specifically, we’ll implement the Fibonacci sequence,

1 1 2 3 5 8 13 21 34 55 ...

which is expressible recursively by saying that the next number is the sum of the previous two:

Fn = Fn–1 + Fn–2, F1 = 1, F2 = 1

We’ll discuss the Fibonacci sequence in more detail in Chapter 13. It’s an easy target for esolang examples. For now, we’ll use a recursive Python implementation as a guide for a Prolog version. In Python, the equation above can be implemented as

def fib(n):
    if (n <= 2):
        return 1
    else:
        return fib(n-1) + fib(n-2)

The nth Fibonacci number is the sum of the previous two, or if n is less than or equal to two, just one. This function tells us that F11 = 89, which is correct. So how can we express the rule for the Fibonacci sequence in Prolog? To do so, we first need two facts that act as the base cases, F1 = 1 and F2 = 1. Then we need to express the recursive relationship. Listing 1-10 has what we need.

fib(1,1).
fib(2,1).

fib(N,F) :-
    N > 2,
    N1 is N-1,
    N2 is N-2,
    fib(N1,F1),
    fib(N2,F2),
    F is F1 + F2.

Listing 1-10: Recursive Fibonacci numbers

The two base cases are facts. The first Fibonacci number is 1, and the second is 1. When Prolog is eventually trying to satisfy fib(2,1), it will find the fact. The “return value” is the second number. The query to find the 11th Fibonacci number is fib(11,F). or “What F value makes fib(11,F) true?” That’s the 11th Fibonacci number.

The general rule is fib(N,F). The body is the conjunction (that is, clauses linked by “and”) of several things. First, is it true that N > 2? Next come two “assignments,” which are true when N1 is n – 1 and N2 is n – 2. So far, the statements make sense and are elements of the Python definition.

The next two lines, fib(N1,F1) and fib(N2,F2), are strange at first. These are the recursive calls, as it were. The first seeks to find Fn–1 by finding an F1 such that fib(N1,F1) is true. Likewise, the second does the same for Fn–2. If these are found, then F1 and F2 have meaningful values, and the last line says that F, the actual number we’ve been looking for, is the sum of F1 and F2, which must be the previous two Fibonacci numbers.

The code for Listing 1-10 is in 

?- fib(11,F).
F = 89 .



?- trace.
true.
[trace]  ?- fib(3,F).
   Call: (8) fib(3, _4072) ? creep
   Call: (9) 3>2 ? creep
   Exit: (9) 3>2 ? creep
   Call: (9) _4296 is 3+ -1 ? creep
   Exit: (9) 2 is 3+ -1 ? creep
   Call: (9) _4302 is 3+ -2 ? creep
   Exit: (9) 1 is 3+ -2 ? creep
➊ Call: (9) fib(2, _4304) ? creep
   Exit: (9) fib(2, 1) ? creep
➋ Call: (9) fib(1, _4304) ? creep
   Exit: (9) fib(1, 1) ? creep
   Call: (9) _4072 is 1+1 ? creep
   Exit: (9) 2 is 1+1 ? creep
   Exit: (8) fib(3, 2) ? creep
F = 2 .









fib(1,A,F,F).

fib(N,A,B,F) :-
    N > 0,
    N1 is N-1,
    B1 is A+B,
    fib(N1,B,B1,F).





Smalltalk




Object subclass: MyClass [ 
    A: n [ ^n*n ]
]


MyClass extend [ 
    B: n [ ^n*n*n ] 
]




> sudo apt-get install gnu-smalltalk


$ brew install gnu-smalltalk




Basic Smalltalk Features


#!/usr/bin/gst
"Smalltalk 'Hello, world!' example"

'' displayNl.
'Hello, world!' displayNl.
'' displayNl.



gst
GNU Smalltalk ready

st> 2 + 3 * 6
30
st> 2 + (3 * 6)
20




st> x := Array new: 5
(nil nil nil nil nil )
st> x at: 1 put: 3
3
st> x at: 3 put: 'plugh'
'plugh'
st> x
(3 nil 'plugh' nil nil )



st> s := 'Nobody expects the Spanish inquisition!'
st> s countSubCollectionOccurrencesOf: 'i'
5


st> Transcript show: 'howdy'; cr; show: 'partner'; cr
howdy
partner


Blocks


st> b := [ 'I am a block. I am an island.' displayNl ]
a BlockClosure
st> b value
I am a block.  I am an island.
'I am a block.  I am an island.'



st> x := 'number 9'
'number 9'
st> b := [ :i | |y| y:=i. x:=y. z:=y ]
a BlockClosure
st> b value: 42
42
st> x. z. y
42
42
nil



Control Structures



v := stdin nextLine asInteger.

(v < 0) ifTrue: [
    a := -1
] ifFalse: [ 
    (v > 0) ifTrue: [
        a := 1
    ] ifFalse: [
        a := 0
    ]
].




i:=1. 
[i < 10] whileTrue: [ i displayNl. i := i + 1 ]


i:=1.
[i >= 10] whileFalse: [ i displayNl. i := i + 1 ]


i:=1. 
[x:=i*i. i < 10] whileTrue: [ i displayNl. i := i + 1 ]



1 to: 10 do: [ :i | i displayNl ]


j := 1 to: 10.
j do: [ :i | i displayNl ]


j := 1 to: 10.
b := [ :i | i displayNl ].
j do: b.



Going to the Races



	Define a base class, Animal, that responds to messages common to  all the animals.

	Define four subclasses: Bird, Wolf, Frog, and Snail. The subclasses  respond to messages based on how the animals move: fly, run, hop,  and crawl, respectively. The class ignores messages that it doesn’t  understand.

	Create an instance of each animal and send randomly selected  messages to them.

	Display the distance each animal has moved and declare a winner.





Object subclass: Animal [
    | increment distance letter |
    init: inc letter: l [
        letter := l.
        increment := inc.
        distance := 0
    ]
    getDistance [ ^distance ]
    print [
        (distance-1) timesRepeat: [  '-' display ].
        letter displayNl
    ]
]






Animal subclass: Bird [
    init [ super init: 6 letter: 'B' ]
    fly [ distance := distance + increment ]
    doesNotUnderstand: msg [ ]
]
Animal subclass: Wolf [
    init [ super init: 5 letter: 'W' ]
    run [ distance := distance + increment ]
    doesNotUnderstand: msg [ ]
]
Animal subclass: Frog [
    init [ super init: 4 letter: 'F' ]
    hop [ distance := distance + increment ]
    doesNotUnderstand: msg [ ]
]
Animal subclass: Snail [
    init [ super init: 3 letter: 'S' ]
    crawl [ distance := distance + increment ]
    doesNotUnderstand: msg [ ]
]




animals := Array new: 4.
animals at: 1 put: (Bird new).
animals at: 2 put: (Wolf new).
animals at: 3 put: (Frog new).
animals at: 4 put: (Snail new).
1 to: 4 do: [ :i | (animals at: i) init ].



moves := #('fly' 'run' 'hop' 'crawl').
50 timesRepeat: [
    m := moves at: ((1 to: 4) atRandom).
    1 to: 4 do: [ :i | (animals at: i) perform: m asSymbol ].
].




Transcript cr; show: 'Race results:'; cr; cr
1 to: 4 do: [ :i | (animals at: i) print ].
'' displayNl.


dist := Dictionary new.
1 to: 4 do: [ :i | 
    animal := animals at: i.
    dist at: animal put: animal getDistance
].


d := (animals at: 1) getDistance.
winner := (animals at: 1) class displayString.
dist associationsDo: [ :pair |
    ((pair value) > d) ifTrue: [
        d := pair value.
        winner := (pair key) class displayString.
    ]
].
Transcript show: 'The winner is '; show: winner; cr; cr.



Race results:

------------------------------------------------------------------B
--------------------------------------------------------------------W
--------------------------------------------------------------F
-----------------------------S

The winner is Wolf


Bird wins  0.6373
Wolf wins  0.2802
Frog wins  0.0760
Snail wins 0.0065


Standard ML




> sudo apt-get install smlnj



Standard ML of New Jersey v110.79 [built: Tue Aug  8 23:21:20 2017]
-


val it = "scary movie" : string



>>> x = 359
>>> def f(y):
...     return x+y
>>> f(2)
361
>>> x = 42
>>> f(2)
44


- val x = 359;
val x = 359 : int
- fun f(y) = x+y;
val f = fn : int -> int
- f(2);
val it = 361 : int
- val x = 42;
val x = 42 : int
- f(2);
val it = 361 : int




- val x = true;
- val y = false;
- x orelse y;
val it = true : bool
- x andalso y;
val it = false : bool



- (fn x => x+1) 11;
val it = 12 : int



- fun add(x,y) = x+y;
val add = fn : int * int -> int
- add(11,22);
val it = 33 : int
- fun add x y = x+y;
val add = fn : int -> int -> int
- add 11 22;
val it = 33 : int



fn : int * int -> int


fn : int -> int -> int


- fun add x y = x+y;
val add = fn : int -> int -> int
- (add 11) 22;
val it = 33 : int
- val add11 = add 11;
val add11 = fn : int -> int
- add11(22);
val it = 33 : int
- add11;
val it = fn : int -> int




fun hello () = print "Hello, world!\n";

fun greetA(n) =
    if (n = 1) then hello()
    else (hello(); greetA(n-1));

fun greetB 1 = hello()
  | greetB n = (hello(); greetB(n-1));


[opening hello.sml]
val hello = fn : unit -> unit
val greetA = fn : int -> unit
val greetB = fn : int -> unit




fun greetB 1 = hello()
  | greetB n = (hello(); greetB(n-1));



- fun add x y = x+y;
val add = fn : int -> int -> int
- val add3 = add 3;
val add3 = fn : int -> int
- map add3 [0,1,2,3,4];
val it = [3,4,5,6,7] : int list
- map (fn x => "a " ^ x) ["boat", "car", "truck"];
val it = ["a boat","a car","a truck"] : string list



- val f = (fn (x,y) => y^x);
val f = fn : string * string -> string
- foldr f "a " ["boat", "car", "truck"];
val it = "a truckcarboat" : string
- foldl f "a " ["boat", "car", "truck"];
val it = "a boatcartruck" : string




f("truck", f("car", f("boat", "a ")));


f("boat", f("car", f("truck", "a ")));


- foldl op+ 0 [11,33,22,44];
val it = 110 : int
- foldl op* 1 [5,4,3,2,1];
val it = 120 : int



Summary
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