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Introduction







So, you’ve decided to pick up a book on Lisp and read the introduction. Perhaps you were surprised to see something that looks like a comic book mixed in with the other computer programming books on the shelf. Who would bother writing a comic book about a weird academic programming language like Lisp? Or maybe you’ve heard other people raving about the Lisp language and thought, “Boy, Lisp sure sounds different from other languages people talk about. Maybe I should pick up a Lisp book sometime.” Either way, you’re now holding a book about a programming language that is very cool but also very unusual.
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What Makes Lisp So Cool and Unusual?







Lisp is a very expressive language. Lisp is designed to let you take the most complicated programming ideas and express them in a clear and appropriate way. Lispers have the freedom to write a program in exactly the way that is most helpful for solving any problem at hand.

The power at your fingertips when writing Lisp code is what makes it so different. Once you “get” Lisp, you’ll be forever changed as a programmer. Even if you end up never writing Lisp code again for the rest of your life, learning Lisp will fundamentally change you as a coder.

In a way, learning a typical programming language is similar to learning a foreign language as an adult. Suppose you go out tomorrow and decide you’re going to learn French. You may take every course on French that you can find, read materials that are only in French, and even move to France. But no matter what you do, your understanding of French will always remain a little imperfect. And no matter how good of a French speaker you eventually become, in your dreams you probably will still be speaking in your native language.

Lisp is different. It’s not just like learning any foreign language. Once you’ve learned Lisp, you’ll even dream in Lisp. Lisp is such a powerful idea that it will crowd out your previous programming experience and become your new mother tongue! Whenever you encounter a new programming idea in any language, you’ll always say to yourself, “That’s kind of how I’d do it in Lisp, except . . . .” That’s the kind of power only Lisp will give you.
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At this point, all you may know about Lisp is that at least one person (me) is extremely excited about it. But your time is valuable, and learning something new is bound to require some effort.

The good news is Lisp isn’t really as difficult as it may seem at first glance. For instance, the following is a valid Lisp expression:


(+ 3 (* 2 4))

Can you guess what the value of this expression is? If you answered 11, then you’ve already figured out how to read basic Lisp code. It is written just like math, except that the functions—in this case, addition and multiplication—come before the numbers, and everything is in parentheses.










If Lisp Is So Great, Why Don't More People Use It?







Actually, a fair number of large companies do use Lisp for some serious work (you’ll find a long list of industrial Lisp projects at http://snipurl.com/e3lv9/). Other programming languages are constantly “borrowing” features of Lisp and presenting them as the latest and greatest ideas. Also, the Semantic Web, which many believe will play a big role in the future of the Web, uses many tools written in Lisp.






Note

The idea behind the Semantic Web is to create a set of protocols for websites to follow so that a computer can determine the “meaning” of information on a web page. This is done by annotating web pages with special metadata (usually in a format called Resource Description Framework, or RDF) that links to common vocabularies, which different websites may share. Many of the tools used for working with description logics and RDF data are written in Lisp (for example, RacerPro and AllegroGraph).







So, Lisp certainly has a promising future. But some may think that learning Lisp is not worth the effort.

How did Lisp get this undeserved reputation?

I think that people use a rule of thumb when deciding what things in life are worth learning. Most people seek knowledge in one of the following three categories:



	What many other people learn (calculus, C++, and so on)

	What is easy to learn (hula-hooping, Ruby, and so on)

	What has value that is easy to appreciate (thermonuclear physics, for example, or that ridiculously loud whistle where you stick your fingers in your mouth)





Lisp doesn’t fall into any of these categories. It’s not as popular as calculus, particularly easy to learn, or as obviously valuable as that loud whistle. If we were to follow these (usually very sensible) rules of thumb, we would conclude that a reasonable person should stay away from Lisp. However, in the case of Lisp, we’re going to throw out these rules. As you’ll see from reading this book, Lisp gives you insights into computer programming that are so profound that every serious programmer should have some experience with this unusual language, even if it requires a little effort.

If you’re still not convinced, you might want to take a peek at the comic book epilogue way at the end of the book. You might not be able to understand everything in there right now, but it will give you a feel for the advanced features available within Lisp and what makes Lisp programming different from other types of programming.








Where Did Lisp Come From?







The Lisp family of languages is truly ancient, with a history that differs from other languages. We’ll need to travel far back in time to get to the beginning of it all.

A long time ago (way back in the 1940s), the Earth was covered by a giant ocean called the Panthalassic Ocean, along with a single barren land mass named Pangaea. In this unforgiving environment, the first computer programs evolved, written in pure machine language (or “ones and zeros,” as they say).

These protolanguages were tightly bound to specific computer systems, such as the ENIAC, the Zuse Z3, and other early vacuum-tube contraptions. Often, these early computers were so primitive that “programming” them involved simply flipping switches or patching cables to physically encode each operation.

The dark days of these protolanguages saw a lot of experimentation with different computer architectures and an explosion of different computer instruction sets. Competition was fierce. While most of these primitive language experiments ultimately disappeared—victims of ancient battles for survival—others thrived.
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At a certain point, computers acquired their own in memory to store programs, along with primitive assemblers that allowed programs to be written in text, instead of with just pure numbers. These assembly languages included Short Code, ARC assembly, and EDSAC Initial Orders.

Assembly languages made software development much more efficient, enabling ancient assemblers to evade the many predators in this primordial ocean. But assembly languages still had significant limitations. They were always designed around the instruction set of a specific processor and so they were not portable across different machine architectures. Programming languages needed to evolve to survive beyond the confines of a specific machine instruction set.

The 1950s saw the arrival of the first machine-independent programming languages. Languages like Autocode and Information Processing Language accomplished this independence not only through lungs and legs, but also through new types of software, such as compilers and interpreters.

With compilers and interpreters, computer programs could now be written in a human-friendly syntax. A compiler can take a human-written computer program and convert it automatically into a machine-friendly binary format that the computer can execute. An interpreter, on the other hand, performs the actions described in a human-written program directly, without converting them all the way down to a machine-friendly binary format.

For the first time, programmers could use languages that were designed to make computer programming a pleasant activity, without needing to operate at the primitive level of the computer hardware. These interpreted and compiled programming languages are what we now think of as the first “true” programming languages. One of the most imposing of these early languages, FORTRAN (developed in 1957), was widely supported on different architectures and is still used heavily to this day.
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Up until this point, the most successful languages had been designed around one central idea: to offer a general design and syntax that would make programming as easy as possible for novices. However, designing a good programming language turns out to be very difficult. Hence, most of these languages, like FORTRAN, BASIC, and C, were really just a mishmash of older ideas, copied from one another and thrown together in a way that lacked any real beauty. They were usually easy to use in only superficial ways. Nonetheless, these fierce languages roamed the jungles for decades in search of easy prey.

In the shadows of these fearsome beasts lurked a small, humble, and entirely different sort of creature—mostly hidden from view, but present almost since the very first machine-independent languages crawled onto land. These were languages that used mathematical syntax, such as the lambda calculus, developed by mathematicians in the 1930s.

Not the least bit concerned with being pragmatic or easy for novices to learn, these languages were highly intelligent and wanted to push the limits of language design. They posed questions about program notation, language semantics, and the simplest possible language syntax.

From these highly intelligent mathematical syntaxes evolved one most notable creature: the original Lisp programming language. Unlike most other programming languages, it did not evolve from FORTRAN or other languages that were concerned with pragmatism or ease of use. Its lineage is a completely separate one, drawn straight from mathematics. But where did Lisp come from?

Some people claim that the story behind Lisp’s origins has been forever lost in the fog of time. Others (who are probably more correct) say Lisp’s creation was the work of John McCarthy in 1959. One day, it is said, he gathered together his tribe at MIT and presented an ingenious idea. McCarthy envisioned a completely theoretical programming language, which would have minimal syntax and semantics but, at the same time, create incredibly elegant programs. These programs were so elegant that even writing an interpreter for Lisp in Lisp itself would take only around 50 lines of computer code!
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Note

John McCarthy published the paper “Recursive Functions of Symbolic Expressions and Their Computation by Machine, Part


Where Does Lisp Get Its Power?









Where Does Lisp Get Its Power?







I’ve said that Lisp is a particularly powerful language. So what were the key insights that John McCarthy (and the other, later innovators of Lisp) had that made this power possible?

To make a programming language powerful, you need to make it expressive. Having an expressive language means that you can do a lot of stuff with very little actual code. But what traits does a language need to make this possible? I think there are two that are most important.

One trait is a lot of features built into the language. That way, for most things you need to get done, someone has already performed some of the work for you, and you can leverage that work to make your own code look pithy. Many modern languages have this trait. The Java language, for instance, is renowned for powerful libraries that, for example, let you acquire data from another PC over a socket with ease.

The second trait that gives a language power is letting you muck around inside it as deeply as possible to make it do your bidding. That way, even if the designers of the language never conceived of what you’re trying to do, you can make your own changes to the language until it does exactly what you need to solve your problems elegantly. This trait is much more difficult to provide in a language. Suppose you wanted to add something like nested function definition support to Java. If you know Java well, thinking about how to add such support is in the realm of nightmares.

The reason most languages aren’t good at supporting both of these traits simultaneously is that they conflict with each other. The richer a language is at the start, the more complicated it is. And the more complicated the language, the more painful it is to muck with that language. That’s why making your own changes to the most mature programming languages is close to impossible.

Of course, if you try hard enough, you can always make fundamental changes to any language. For instance, when C++ was developed, it originally took the form of a C preprocessor. A special C program was written that could take code written in the new C++ dialect and convert it into plain-old C, which you could then just run through a standard C compiler. This is how Bjarne Stroustrup, the inventor of C++, was able to tweak the C language and add features to turn it into his own. However, writing a translator such as this is an extremely difficult and tedious process that you would consider only as a last resort.

In contrast, Lisp languages make it extremely easy for an experienced Lisper to alter the compiler/interpreter that runs a program, while still supporting rich language features with extensive libraries. In fact, messing around with the language within Lisp is easier than in any other language ever created!

For example, writing a function in Lisp to calculate the distance between two points would be simple, as in most other languages. But an experienced Lisper would find it equally easy to invent a new way to nest function definitions or devise a funky if-then command. Even writing your own object-oriented programming support inside Lisp is not complicated (and most Lispers have probably done so at some point). In Lisp, everyone gets to be a mini-Stroustrup!
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How does Lisp make this neat feat possible? One of Lisp’s core characteristics is that writing a Lisp directly in Lisp is, itself, unbelievably simple. It turns out that this is the key property that allows Lisp to break the paradox of the two traits. By starting out as a language that could perform a cool mathematical trick of elegantly writing itself, it ended up possessing the very property needed to be both feature-rich and tweakable. That, in turn, makes it the perfect tool for actually writing just about any kind of program at all!

Think of it this way: Give a programmer a fish command in his programming language, and he will eat Chinese takeout and drink Jolt for a day. Give a programmer a programming language that allows him to write his own fish command, and he’ll eat Chinese takeout and drink Jolt for a lifetime (which, admittedly, would probably be cut short by nutritional deficiencies, and let’s not even discuss the probable heart arrhythmias).

So, now you have an idea of why Lisp is a very cool and very unusual programming language. It has a long and atypical history compared with most programming languages. Most languages came from the world of engineering, whereas Lisp originated from a more mathematical background. It has a lot to offer to those willing to spend a little time learning something new.
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Getting Started with CLISP







Many great Lisp compilers are available, but one in particular is easiest to get started with: CLISP, an open source Common Lisp. CLISP is simple to install and runs on any operating system.

Other popular Lisps include Steel Bank Common Lisp (SBCL), a fast Common Lisp that’s considered a bit more heavy-duty than CLISP and also open source; Allegro Common Lisp, a powerful commercial Lisp by Franz, Inc; LispWorks; Clozure CL; and CMUCL. Mac users may want to consider LispWorks or Clozure CL, which will be easier to get running on their machines. However, for our purposes, CLISP is the best choice.






Note
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What You've Learned







In this chapter, we discussed the different dialects of Lisp and installing CLISP. You learned the following along the way:



	There are two main dialects of Lisp: Common Lisp and Scheme. Both have a lot to offer, but we’ll focus on Common Lisp in this book.

	Common Lisp is a multiparadigm language, meaning that it supports many different programming styles.

	CLISP is a Common Lisp implementation that is easy to set up, making it a great choice for a Lisp novice.

	You can type in Lisp commands directly from the CLISP REPL.






[image: image with no caption]









Chapter


Defining Global Variables in Lisp









Defining Global Variables in Lisp







As the player calls the functions that make up our game, the program will need to track the small and big limits. In order to do this, we’ll need to create two global variables called *small* and *big*.





Defining the small and big Variables







A variable that is defined globally in Lisp is called a top-level definition. We can create new top-level definitions with the defparameter function:


> (defparameter *small* 1)
*SMALL*
> (defparameter *big* 100)
*BIG*

The function name defparameter is a bit confusing, since it doesn’t really have anything to do with parameters. What it does is let you define a global variable.

The first argument we send to defparameter is the name of the new variable. The asterisks surrounding the names *big* and *small*—affectionately called earmuffs—are completely arbitrary and optional. Lisp sees the asterisks as part of the variable names and ignores them. Lispers like to mark all their global variables in this way as a convention, to make them easy to distinguish from local variables, which are discussed later in this chapter.






Note

Although earmuffs may be “optional” in a strictly technical sense, I suggest that you use them. I cannot vouch for your safety if you ever post any code to a Common Lisp newsgroup and your global variables are missing their earmuffs.













An Alternative Global Variable Definition Function







When you set the value of a global variable using defparameter, any value previously stored in the variable will be overwritten:


> (defparameter *foo* 5)
FOO
> *foo*
5
> (defparameter *foo* 6)
FOO
> *foo*
6

As you can see, when we redefine the variable *foo*, its value changes.

Another command that you can use for declaring global variables, called defvar, won’t overwrite previous values of a global variable:


> (defvar *foo* 5)
FOO
> *foo*
5
> (defvar *foo* 6)
FOO
> *foo*
5

Some Lispers prefer to use defvar instead of defparameter when defining global variables. In this book, however, we’ll be using defparameter exclusively.






Note

When you read about Lisp in other places, you may also see programmers using the term dynamic variable or special variable when referring to a global variable in Common Lisp. This is because global variables in Common Lisp have some special abilities, which we’ll be discussing in future chapters.
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Basic Lisp Etiquette







The way commands are called and the way code is formatted in Lisp is somewhat strange compared with other languages. First of all, you need to surround the command (and its arguments) with parentheses, as with the defparameter function:


> (defparameter *small* 1)
*SMALL*

Without the parentheses, a command will not be called.

Also, spaces and line breaks are completely ignored when Lisp reads in your code. That means you could call this command in any crazy way, with the same result:


> (               defparameter
           *small* 1)
*SMALL*

Because Lisp code can be formatted in such flexible ways, Lispers have a lot of conventions for formatting commands, including when to use multiple lines and indentation. We’ll loosely follow some of the common indentation conventions in the code examples in this book. However, we’re more interested in writing games than in discussing source code indentation rules, so we’re not going to be spending too much time on code layout rules in this book.
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Defining Global Functions in Lisp







Our guess-my-number game has the computer respond to the player’s request to start the game, and then to requests for either smaller or bigger guesses. For these, we need to define three global functions: guess-my-number, smaller, and bigger. We’ll also define a function to start over with a different number, called start-over. In Common Lisp, functions are defined with defun, like this:


(defun function_name (arguments)
  ...)

First, we specify the name and arguments for the function. Then we follow it up with the code that composes the function’s logic.





Defining the guess-my-number Function







The first function we’ll define is guess-my-number. This function uses the values of the *big* and *small* variables to generate a guess of the player’s number. The definition looks like this:


> (defun guess-my-number ()
[image: ]      (ash (+ *small* *big*) −1))
[image: ] GUESS-MY-NUMBER

The empty parentheses, (), after the function name guess-my-number indicate that this function doesn’t require any parameters.

Although you don’t need to worry about indentation or line breaks when entering code snippets at the REPL, you must be sure to place parentheses correctly. If you forget a parenthesis or put one in the wrong place, you’ll most likely get an error.

Whenever we run a piece of code like this in the REPL, the resulting value of the entered expression will be printed. Every command in Common Lisp generates a return value. The defun command, for instance, simply returns the name of the newly created function. This is why we see the name of the function parroted back to us in the REPL after we call defun [image: ].

What does this function do? As discussed earlier, the computer’s best guess in this game will be a number in between the two limits. To accomplish this, we choose the average of the two limits. However, if the average number ends up being a fraction, we’ll want to use a near-average number, since we’re guessing only whole numbers.

We implement this in the guess-my-number function by first adding the numbers that represent the high and low limits, then using the arithmetic shift function, ash, to halve the sum of the limits and shorten the result. The code (+ *small* *big*) adds together those two variables. Because the addition happens within another function call, [image: ], the resulting sum is then passed to the ash function.

The parentheses surrounding the ash function and the addition (+) function are mandatory in Lisp. These parentheses are what tell Lisp, “I want you to call this function.”

The built-in Lisp function ash looks at a number in binary form, and then shifts its binary bits to the left or right, dropping any bits lost in the process. For example, the number 11 written in binary is 1011. We can move the bits in this number to the left with ash by using 1 as the second argument:


> (ash 11 1)
22

This produces 22, which is 10110 in binary. We can move the bits to the right (and lop off the bit on the end) by passing in −1 as the second argument:


> (ash 11 −1)
5

This produces 5, which is 101 in binary.

By using the ash function in guess-my-number, we are continually halving our search space of possible numbers to quickly narrow down to the final correct number. As already mentioned, this halving process is called a binary search, a useful technique in computer programming. The ash function is commonly used for such binary searches in Lisp.

Let’s see what happens when we call our new function:


> (guess-my-number)
50

Since this is our first guess, the output we see when calling this function tells us that everything is working as planned: The program picked the number 50, right in between 1 and 100.

When programming in Lisp, you’ll write many functions that won’t explicitly print values on the screen. Instead, they’ll simply return the value calculated in the body of the function. For instance, let’s say we wanted a function that just returns the number 5. Here’s how we could write this:


> (defun return-five ()
[image: ]     (+ 2 3))

Because the value calculated in the body of the function [image: ] evaluates to 5, calling (return-five) will just return 5.

This is how guess-my-number is designed. We see this calculated result on the screen (the number 50) not because the function causes the number to display, but because this is a feature of the REPL.






Note

If you’ve used other programming languages before, you may remember having to write something like return... to cause a value to be returned. In Lisp, this is not necessary. The final value calculated in the body of the function is returned automatically.













Defining the smaller and bigger Functions







Now we’ll write our smaller and bigger functions. Like guess-my-number, these are global functions defined with defun:


[image: ] > (defun smaller ()
[image: ]      (setf *big* (1- (guess-my-number)))
[image: ]      (guess-my-number))
  SMALLER
  > (defun bigger ()
[image: ]      (setf *small* (1+ (guess-my-number)))
     (guess-my-number))
  BIGGER

First, we use defun to start the definition of a new global function smaller. Because this function takes no parameters, the parentheses are empty [image: ].

Next, we use the setf function to change the value of our global variable *big* [image: ]. Since we know the number must be smaller than the last guess, the biggest it can now be is one less than that guess. The code (1- (guess-my-number)) calculates this: It first calls our guess-my-number function to get the most recent guess, and then it uses the function 1-, which subtracts 1 from the result.

Finally, we want our smaller function to show us a new guess. We do this by putting a call to guess-my-number as the final line in the function body [image: ]. This time, guess-my-number will use the updated value of *big*, causing it to calculate the next guess. The final value of our function will be returned automatically, causing our new guess (generated by guess-my-number) to be returned by the smaller function.

The bigger function works in exactly the same manner, except that it raises the *small* value instead. After all, if you call the bigger function, you are saying your number is bigger than the previous guess, so the smallest it can now be (which is what the *small* variable represents) is one more than the previous guess. The function 1+ simply adds 1 to the value returned by guess-my-number [image: ].

Here we see our functions in action, with the number 56 as our guess:


> (bigger)
75
> (smaller)
62
> (smaller)
56






Defining the start-over Function







To complete our game, we’ll add the function start-over to reset our global variables:


(defun start-over ()
   (defparameter *small* 1)
   (defparameter *big* 100)
   (guess-my-number))

As you can see, the start-over function resets the values of *small* and *big* and then calls guess-my-number again to return a new starting guess. Whenever you want to start a brand-new game with a different number, you can call this function to reset the game.
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Defining Local Variables in Lisp







For our simple game, we’ve defined global variables and functions. However, in most cases you’ll want to limit your definitions to a single function or a block of code. These are called local variables and functions.

To define a local variable, use the command let. A let command has the following structure:


[image: ] (let (variable declarations)
[image: ]   ...body...)

The first thing inside the let command is a list of variable declarations [image: ]. This is where we can declare one or more local variables. Then, in the body of the command (and only within this body), we can use these variables [image: ]. Here is an example of the let command:


[image: ] > (let ((a 5)
[image: ]         (b 6))
[image: ]     (+ a b))
  11

In this example, we’ve declared the values 5 and 6 for the variables a [image: ] and b [image: ], respectively. These are our variable declarations. Then, in the body of the let command, we added them together [image: ], resulting in the displayed value of 11.

When using a let expression, you must surround the entire list of declared variables with parentheses. Also, you must surround each pair of variable names and initial variables with another set of parentheses.






Note

Although the indentation and line breaks are completely arbitrary, because the names of the variables and their values in a let expression form a kind of simple table, common practice is to align the declared variables vertically. This is why the b is placed directly underneath the a in the preceding example.
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Defining Local Functions in Lisp







We define local functions using the flet command. The flet command has the following structure:


[image: ] (flet ((function_name (arguments)
[image: ]          ...function body...))
[image: ]   ...body...)

At the top of the flet, we declare a function (in the first two lines). This function will then be available to us in the body [image: ]. A function declaration consists of a function name, the arguments to that function [image: ], and the function body [image: ], where we put the function’s code.

Here is an example:


[image: ] > (flet ((f (n)
[image: ]             (+ n 10)))
[image: ]     (f 5))
  15

In this example, we define a single function, f, which takes a single argument, n [image: ]. The function f then adds 10 to this variable n [image: ], which has been passed in it. Then we call this function with the number 5 as the argument, causing the value 15 to be returned [image: ].

As with let, you can define one or more functions within the scope of the flet.

A single flet command can be used to declare multiple local functions at once. Simply add multiple function declarations in the first part of the command:


[image: ] > (flet ((f (n)
            (+ n 10))
[image: ]          (g (n)
            (- n 3)))
    (g (f 5)))
  12

Here, we have declared two functions: one named f [image: ] and one named g [image: ]. In the body of the flet, we can then refer to both functions. In this example, the body first calls f with 5 to yield 15, then calls g to subtract 3, leading to 12 as a final result.

To make function names available in defined functions, we can use the labels command. It’s identical in its basic structure to the flet command. Here’s an example:


[image: ] > (labels ((a (n)
              (+ n 5))
[image: ]            (b (n)
[image: ]               (+ (a n) 6)))
[image: ]    (b 10))
  21

In this example, the local function a adds 5 to a number [image: ]. Next, the function b is declared [image: ]. It calls the function a, and then adds 6 to the result [image: ]. Finally, the function b is called with the value 10 [image: ]. Since 10 plus 6 plus 5 equals 21, the number 21 becomes the final value of the entire expression. The special step that requires us to use labels instead of flet is where the function b calls the function a [image: ]. If we had used flet, the function b would not have “known” about the function a.

The labels command lets you call one local function from another, and it allows you to have a function call itself. This is commonly done in Lisp code and is called recursion. (You will see many examples of recursion in future chapters.)
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What You've Learned







In this chapter, we discussed the basic Common Lisp commands for defining variables and functions. Along the way, you learned the following:



	To define a global variable, use the defparameter command.

	To define a global function, use the defun command.

	Use the let and flet commands to define local variables and functions, respectively.

	The function labels is like flet, but it lets functions call themselves. Functions that call themselves are called recursive functions.
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The Building Blocks of Lisp Syntax







From the crazy line of C++ code in the previous section, you can get the idea that C++ has a lot of weird syntax—for indicating namespaces, dereferencing pointers, performing casts, referencing member functions, performing Boolean operations, and so on.

If you were to write a C++ compiler, you would need to do a lot of hard work so that the compiler could read this code and obey the many C++ syntax rules, before you could make any sense of the code.

Writing a Lisp compiler or interpreter is much easier. The part of a Lisp compiler or interpreter that reads in the code (which Lispers actually call the reader) is simpler than in C++ or any other major programming language. Take a random piece of Lisp code:


(defun square (n)
     (* n n))

This function declaration, which creates a function that simply squares a number, consists of nothing more than parentheses and symbols. In fact, you can view it as just a bunch of nested lists, delimited by parentheses.

Lisp only has one way of organizing bits of code: It uses parentheses to organize the code into lists.

All basic Lisp code uses this simple list-like syntax:


[image: image with no caption]



But what sorts of things can we put into these lists? Well, besides other lists, we can also put symbols, numbers, and strings into our code. Here, we’ll look at these basic building blocks, or datatypes, you’ll use in Lisp. (We’ll discuss many other Common Lisp datatypes in later chapters.)





Symbols







Symbols are a fundamental type of data in Lisp and are used extensively. A symbol in Lisp is a stand-alone word. Common Lisp symbols are typically made up of letters, numbers, and characters like + - / * = < > ? ! _. Some examples of valid Lisp symbols are foo, ice9, my-killer-app27, and even —<<==>>—.

Symbols in Common Lisp are case-insensitive (although most Lispers avoid using uppercase). To illustrate this, we’ll use a function called eq, which lets us see if two symbols are identical:


> (eq 'fooo 'FoOo)
T

As you can see, this function returned T, which tells us that Lisp considers these two symbols to be identical. (For now, ignore the quotation mark in front of the symbols. This will be explained shortly, when we discuss data mode.)







Numbers







Lisp supports both floating-point numbers and integers. When you write a number, the presence of a decimal point determines whether your number is seen as a floating-point number or an integer. The numbers 1 and 1.0 are two different entities in Common Lisp.

For instance, if you use most math functions with both an integer and a floating-point number, the integer will become “poisoned,” and a floating-point number will be returned. Here’s a case in point:


> (+ 1 1.0)
2.0

Note that the decimal point in the returned number, 2.0, indicates that it is a floating-point number.

Lisp can perform some amazing feats with numbers, especially when compared with most other languages. For instance, here we’re using the function expt to calculate the fifty-third power of 53:


> (expt 53 53)
2435684816502271213247760652010472551853345312868564084450513087957
6720609150223301256150373

Isn’t that cool? Most languages would choke on a calculation involving such a large number.

Finally, you should know that something weird could happen if you divide two integers:


> (/ 4 6)
2/3

The division function is dividing the 4 by 6. But instead of returning a fraction (0.66666...) as you might expect, it returns a rational number, represented as two integers with a division symbol between them. So the 2/3 result represents a single rational number, which is the mathematically ideal way to encode a fraction such as this.

Note that we get a different answer if there is a floating-point number in our calculation:


> (/ 4.0 6)
0.6666667

As in the previous example, the number with the decimal point (4.0) has poisoned our numbers to give us a fraction as a result.

If you’re not a math geek, this might not be of much use to you, but at least you now know what’s happening if you see this sort of thing while you’re coding. You can also rest assured that Lisp will do the right thing with this number when you use it later on in another calculation. Lisp is smart.







Strings







The last basic building block in Lisp is the string. Although strings aren’t really that fundamental to Lisp from a theoretical standpoint, any program that communicates with a human will usually need strings, because humans like to communicate with text.

To indicate a string in Lisp, surround characters with double quotes. For example, "Tutti Frutti" is a valid string.

We can display a string using a function called princ:


> (princ "Tutti Frutti")
[image: ] Tutti Frutti
[image: ] "Tutti Frutti"

Notice that printing our text at the REPL[1] will cause the text to appear twice. First, we see the actual printing caused by the princ command [image: ]. However, since the REPL will always show the result of evaluating the entered expression, we see our string parroted back to us [image: ]. This is because the princ function also returns a value, which happens to be the source string.

A string can also contain so-called escaped characters. If you want a string to include double quotes or a backslash, you’ll need to prefix these characters with a backslash. For example, this string has two escaped quotes:


> (princ "He yelled \"Stop that thief!\" from the busy street.")
He yelled "Stop that thief!" from the busy street.

As you can see, the backslashes in front of the two quotes tell Lisp that these are literal quotation marks in the string, shown in the displayed string just like any other character.








[1] As discussed in Chapter
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How Lisp Distinguishes Between Code and Data







When we write our Lisp program, how does Lisp decide which parts of our program consist of code (stuff to be executed) and which parts are just data? The syntax of Lisp has a special way of distinguishing between the two.

Common Lisp uses two modes when it reads your code: a code mode and a data mode. You can switch between these two modes when writing Lisp code.





Code Mode







Whenever you type something into the Lisp REPL, the compiler assumes that you’re entering a command you want to execute. In other words, Lisp always assumes that you’re writing code and defaults to code mode.

As we’ve already discussed, Lisp will expect Lisp code to be entered as a list. However, the code should be in a special type of list: a form. So when you’re in code mode, as you are when you start typing into the REPL, the commands you enter need to be structured as forms:


[image: image with no caption]



A form is simply a list with a special command at the beginning—typically the name of a function.

When reading a form, Lisp sends all other items in the list to the function as parameters. For example, enter the following into your REPL:


> (expt 2 3)
8

This calculates 2^3 = 8. It does this by calling expt, which computes an exponent. This command was entered in the standard way for Lisp: as a form with the function name at the beginning.

When Lisp reads the text for the parameters of such a command, it usually assumes that these parameters are also in code mode. Here’s an example:


> (expt 2 (+ 3 4))
128

This example has two nested forms. Lisp first looks at the entire expression in code mode. It determines that we’ve entered a form for the expt command. Then Lisp looks at the arguments to this command, also in code mode. One of these arguments (+ 3 4) is a form in its own right. This form is then executed, yielding 7. Afterward, this result is passed to the outer expt form, which is then executed.







Data Mode







As you might imagine, any stuff written in data mode is treated as data. This means the computer will not try to “execute” it, which allows us to have information in our code that’s just plain old data.

Let’s take a look at data mode in action. We’ll enter the same form that we entered in code mode in the previous example, with one difference:


> '(expt 2 3)
(expt 2 3)

This time, we put a single quote in front of the list. Instead of responding with the sum of the numbers 1 and 2, Lisp simply parrots our expression to us. The single quote tells Lisp to treat the subsequent form as a chunk of data—simply a list of items. Lisp then prints the result of evaluating what we entered, which is the list itself. It ignores any functions or variables in our list, treating everything as data.

Placing a quote in front of lists so that they won’t be evaluated as a command is called quoting. By using quoting, you can tell Lisp, “This next part isn’t a command. It’s just a chunk of data for my program.”









Lists in Lisp









Lists in Lisp







Lists are a crucial feature in Lisp. They are what hold all your Lisp code (as well as data) together. Take any basic piece of Lisp code, such as the following:


(expt 2 3)

This piece of code contains a symbol (expt) and two numbers, all tied together as a list, indicated by the parentheses.


[image: image with no caption]



You can think of a Lisp program as a house. If you were to build a house in Lisp, your walls would be made out of lists. The bricks would be made out of symbols, numbers, and strings. However, a wall needs mortar to hold it together. In the same way, lists in Lisp are held together by structures called cons cells.





Cons Cells







Lists in Lisp are held together with cons cells. Understanding the relationship between cons cells and lists will give you a better idea of how Lisp works.

A cons cell looks like this:


[image: image with no caption]



It’s made of two little connected boxes, both of which can point at other things. A cons cell can point to another cons cell or another type of Lisp data. By being able to point to two different things, it’s possible to link cons cells together into lists. In fact, lists in Lisp are just an abstract illusion—all of them are actually composed of cons cells.

For instance, suppose we create the list '(1 2 3). Here’s how this list is represented in computer memory:


[image: image with no caption]



It’s created using three cons cells. Each cell points to a number, as well as the next cons cell for the list. The final cons cell then points at nil, to terminate the list. (If you’ve ever used a linked list in another programming language, this is the same basic idea.) You can think of this arrangement like a calling chain for your friends: “When I know about a party this weekend, I’ll call Bob, and then Bob will call Lisa, who will call . . .” Each person in a calling chain is responsible for only one phone call, which activates the next call in the list.







List Functions







Manipulating lists is extremely important in Lisp programming. There are three basic functions for manipulating cons cells (and hence lists) in Lisp: cons, car, and cdr.





The cons Function







If you want to link any two pieces of data in your Lisp program (regardless of type), the usual way to do that is with the cons function. When you call cons, the Lisp compiler typically allocates a small chunk of memory, the cons cell, that can hold two references to the objects being linked. (Usually, the second of the two items being linked will be a list.) For example, let’s link the symbol chicken to the symbol cat:


> (cons 'chicken 'cat)
(CHICKEN . CAT)

As you can see, cons returns a single object, the cons cell, represented by parentheses and a dot between the two connected items. Don’t confuse this with a regular list. The dot in the middle makes this a cons cell, just linking those two items together.

Notice how we prefix our two pieces of data with a single quote to make sure that Lisp sees them as just data and doesn’t try to evaluate them as code.

If instead of another piece of data, we attach the symbol nil on the right side of the list, something special happens:


> (cons 'chicken 'nil)
(CHICKEN)

Unlike with our cat, the nil does not show in the output this time. There’s a simple reason for this: nil is a special symbol that is used to terminate a list in Lisp. That said, the Lisp REPL is taking a shortcut and just saying that we created a list with one item, our chicken. It could have displayed the result by explicitly showing our cons cell and printing (CHICKEN . NIL). However, because this result is coincidentally also a list, it instead will show the list notation.

The lesson here is that Lisp will always go out of its way to “hide” the cons cells from you. When it can, it will show your results using lists. It will show a cons cell (with the dot between the objects) only if there isn’t a way to show your result using lists.

The previous example can also be written like this:


> (cons 'chicken ())
(CHICKEN)

The empty list, (), can be used interchangeably with the nil symbol in Common Lisp. Thinking of the terminator of a list as an empty list makes sense. What do you get when you add a chicken to an empty list? Just a list with a chicken in it. The cons function also can add a new item to the front of the list. For example, to add pork to the front of a list containing (beef chicken), use cons like so:


> (cons 'pork '(beef chicken))
(PORK BEEF CHICKEN)

When Lispers talk about using cons, they say they are consing something. In this example, we consed pork to a list containing beef and chicken.

Since all lists are made of cons cells, our (beef chicken) list must have been created from its own two cons cells, perhaps like this:


> (cons 'beef (cons 'chicken ()))
(BEEF CHICKEN)

Combining the previous two examples, we can see what all the lists look like when viewed as conses. This is what is really happening:


> (cons 'pork (cons 'beef (cons 'chicken ())))
(PORK BEEF CHICKEN)

Basically, this is telling us that when we cons together a list of three items, we get a list of three items. No wholesale copying or deleting of data ever needs to take place.

The REPL echoed back to us our entered items as a list, (pork beef chicken), but it could just as easily (though a little less conveniently) have reported back the items exactly as we entered them: (cons 'pork (cons 'beef (cons 'chicken ()))). Either response would have been perfectly correct. In Lisp, a chain of cons cells and a list are exactly the same thing.







The car and cdr Functions







Lists are just long chains of two-item cells.

The car function is used for getting the thing out of the first slot of a cell:


> (car '(pork beef chicken))
PORK

The cdr function is used to grab the value out of the second slot, or the remainder of a list:


> (cdr '(pork beef chicken))
(BEEF CHICKEN)

You can string together car and cdr into new functions like cadr, cdar, or cadadr. This lets you succinctly extract specific pieces of data out of complex lists. Entering cadr is the same as using car and cdr together—it returns the second item from a list. (The first slot of the second cons cell would contain that item.) Take a look at this example:


[image: ] > (cdr '(pork beef chicken))
  (BEEF CHICKEN)
[image: ] > (car '(beef chicken))
  BEEF
[image: ] > (car (cdr '(pork beef chicken)))
  BEEF
[image: ] > (cadr '(pork beef chicken))
  BEEF

We know that cdr will take away the first item in a list [image: ]. If we then take that shortened list and use car, we’ll get the first item in the new list [image: ]. Then, if we use these two commands together, we’ll get the second item in the original list [image: ]. Finally, if we use the cadr command, it gives us the same result as using car and cdr together [image: ]. Essentially, using the cadr command is the same as saying that you want the second item in the list.







The list Function







For convenience, Common Lisp has many functions built on top of the basic three—cons, car, and cdr. A useful one is the list function, which does the dirty work of creating all the cons cells and builds our list all at once:


> (list 'pork 'beef 'chicken)
(PORK BEEF CHICKEN)

Remember that there is no difference between a list created with the list function, one created by specifying individual cons cells, or one created in data mode using the single quote. They’re all the same animal.


[image: image with no caption]











Nested Lists







Lists can contain other lists. Here’s an example:


'(cat (duck bat) ant)

This is a list containing three items. The second item of this list is (duck bat), which is a list itself. This is an example of a nested list.

However, under the hood, these nested lists are still just made out of cons cells. Let’s look at an example where we pull items out of nested lists. Here, the first item is (peas carrots tomatoes) and the second item is (pork beef chicken):


[image: ] > (car '((peas carrots tomatoes) (pork beef chicken)))
  (PEAS CARROTS TOMATOES)
[image: ] > (cdr '(peas carrots tomatoes))
  (CARROTS TOMATOES)
[image: ] > (cdr (car '((peas carrots tomatoes) (pork beef chicken))))
  (CARROTS TOMATOES)
[image: ] > (cdar '((peas carrots tomatoes) (pork beef chicken)))
  (CARROTS TOMATOES)

The car function gives us the first item in the list, which is a list in this case [image: ]. Next, we use the cdr command to chop off the first item from this inner list, leaving us with (CARROTS TOMATOES) [image: ]. Using these commands together gives this same result [image: ]. Finally, using cdar gives the same result as using cdr and car separately [image: ].

As demonstrated in this example, cons cells allow us to create complex structures, and we use them here to build a nested list. To prove that our nested list consists solely of cons cells, here is how we could create this nested list using only the cons command:


> (cons (cons 'peas (cons 'carrots (cons 'tomatoes ())))
        (cons (cons 'pork (cons 'beef (cons 'chicken ()))) ()))
((PEAS CARROTS TOMATOES) (PORK BEEF CHICKEN))

Here are some more examples of functions based on car and cdr that we could use on our data structure:


> (cddr '((peas carrots tomatoes) (pork beef chicken) duck))
(DUCK)
> (caddr '((peas carrots tomatoes) (pork beef chicken) duck))
DUCK
> (cddar '((peas carrots tomatoes) (pork beef chicken) duck))
(TOMATOES)
> (cadadr '((peas carrots tomatoes) (pork beef chicken) duck))
BEEF

Common Lisp already defines all these functions for you. You can use any function with the name c*r right out of the box, up to four levels deep. In other words, cadadr will already exist for you to use, whereas cadadar (which is five levels deep) does not (you would need to write that function yourself). These functions make it easy to manipulate cons cells-based structures in Lisp, no matter how complicated they might be.


[image: image with no caption]




[image: image with no caption]
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What You've Learned







In this chapter, we discussed the basic Lisp syntax. Along the way, you learned the following:



	Parentheses in Lisp are there to keep the amount of syntax to a minimum.

	Lists are created from cons cells.

	You can create lists by making cons cells with the cons command.

	You can inspect the pieces of a list with car and cdr.











Part
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The Conditionals: if and Beyond







Now that you understand how Lisp handles true and false, let’s look at if and some of the other conditional commands.





One Thing at a Time with if







The if command can be used to make different things happen when things are true (such as when 1 + 2 = 3) or false (such as when 1 + 2 = 4).


> (if (= (+ 1 2) 3)
      'yup
      'nope)

YUP

> (if (= (+ 1 2) 4)
      'yup
      'nope)

NOPE

The if command can also be used to check whether a list is empty:


> (if '(1)
      'the-list-has-stuff-in-it
      'the-list-is-empty)

THE-LIST-HAS-STUFF-IN-IT

> (if '()
      'the-list-has-stuff-in-it
      'the-list-is-empty)

THE-LIST-IS-EMPTY

So far, the only way to branch on a condition that we’ve looked at has been the if command:


> (if (oddp 5)
      'odd-number
      'even-number)

ODD-NUMBER

All we’re doing here is checking whether the number 5 is odd, then, depending on the result, evaluating one of the two following expressions in the if form. Since 5 is odd, it evaluates the first such expression, and the form as a whole returns odd-number.

There’s a lot happening in this harmless-looking little command—stuff that’s important to understanding Lisp. Here are two important observations:



	Only one of the expressions after the if is actually evaluated.

	We can only do one thing in an if statement.





Usually, when a function is executed in Lisp, all the expressions after the function name are evaluated, before the function itself is evaluated. However, if does not follow these rules. To see this, consider the following example:


> (if (oddp 5)
    'odd-number
    (/ 1 0))

ODD-NUMBER

Any self-respecting, law-abiding Lisp function would kick your butt to the curb if you tried to run this code, because you’re dividing by zero.

But if is not just a function. It’s a special form, which gives it special privileges, such as the right to not evaluate all its parameters in the normal way. This makes sense, since the whole point of a condition is to run some stuff but not other stuff. In this case, it just merrily ignores the division by zero, since it’s in the part of the branch that applies only to even numbers. Conditional commands in Lisp are typically special forms.


[image: image with no caption]








Note

Some of the conditional commands may be macros, which are something like user-created special forms. Being a special form usually implies that a command is directly “baked in” to the language. In Chapter
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Cool Tricks with Conditions







The fundamental design of Lisp lets you get a lot of mileage out of a few simple commands. Specifically, a couple of counterintuitive tricks involving conditions in Lisp can help you write cleaner code. The first involves two new conditional commands. The second takes advantage of Lisp’s simple conception of true and false.





Using the Stealth Conditionals and and or







The conditionals and and or are simple mathematical operators, which allow you to manipulate Boolean values in the same way you might manipulate numbers using addition and subtraction.

For example, here’s how we could use and to see if three numbers are odd:


> (and (oddp 5) (oddp 7) (oddp 9))

T

Because 5, 7, and 9 are odd, the entire expression evaluates as true.

Similarly, we can use or to see whether at least one of a set of numbers is odd:


> (or (oddp 4) (oddp 7) (oddp 8))

T

Because 7 is odd, the or command still evaluates as true, despite the fact that 4 and 8 are even.

But there’s something a bit more interesting about and and or that you might not notice just by looking at these first two examples. So far, these two commands look like completely ordinary mathematical operators; they do not look like conditional commands, such as if or cond. However, they can be used for conditional behavior.

For instance, here’s how we could use these conditionals to set a global variable to true only when a number is even:


> (defparameter *is-it-even* nil)

*IS-IT-EVEN*

> (or (oddp 4) (setf *is-it-even* t))

T

> *is-it-even*

T

If we do the same thing using an odd number, the variable remains unchanged:


> (defparameter *is-it-even* nil)

*IS-IT-EVEN

> (or (oddp 5) (setf *is-it-even* t))

T

> *is-it-even*

NIL

This example illustrates that Lisp uses shortcut Boolean evaluation. This means that once Lisp determines that an earlier statement in a list of or values is true, it simply returns true and doesn’t bother evaluating the remaining statements. Similarly, once it determines that an earlier statement in a list of and values is false, it stops without bothering to evaluate the rest of the statements.

While this may seem like a minor esoteric observation, it can actually be very useful in many situations. For instance, imagine if you want to save a file to disk, but only if the file was modified, and only when the user wants it to be saved. The basic structure could be written as follows:


(if *file-modified*
    (if (ask-user-about-saving)
        (save-file)))

Here, the function ask-user-about-saving would ask the user about the file, and then return true or false based on the user’s wishes. However, since shortcut Boolean evaluation is guaranteed to be used for Boolean operations under Common Lisp and most other Lisp dialects, we could write this instead:


(and *file-modified* (ask-user-about-saving) (save-file))

Using this cleaner style for evaluating conditional code is possible only if you think beyond the typical use of the Boolean operators as simply mathematical operators. This form has an elegant symmetry between the three expressions, which some Lispers may like. However, others would argue that a reader of your code may easily miss the fact that (save-file) does something beyond returning a Boolean value. A bit of time is required to wrap your head around this more-general conception of what and and or actually mean.

A third way to write this code, which is a compromise between the previous approaches, is as follows:


(if (and *file-modified*
         (ask-user-about-saving))
    (save-file)))

Many experienced Lispers will consider this version a bit clearer than the previous two versions, because only expressions that are expressly designed to return a Boolean value are treated as part of the condition.







Using Functions That Return More than Just the Truth







Now let’s look at another benefit of Lisp’s simple way of thinking about true and false. As we’ve already discussed, any value in Common Lisp (except for the different variations on nil) is true. This means that functions that are commonly used in conditions have the option of returning more than just the truth.

For instance, the Lisp command member can be used to check for list membership for an item:


> (if (member 1 '(3 4 1 5))
      'one-is-in-the-list
      'one-is-not-in-the-list)

'ONE-IS-IN-THE-LIST

This seems pretty straightforward. However, once again, there is something happening behind the scenes that you may not expect. Let’s run the member command in isolation:


> (member 1 '(3 4 1 5))

(1 5)

What the heck happened here? Why is it returning (1 5)?

Actually, there’s a perfectly rational explanation for this. Whenever a Lisper writes a function that returns true and false, she will think to herself, “Is there anything else I could return other than just t?” Since all non-nil values in Common Lisp evaluate to true, returning some other value is essentially a freebie. The implementers of the member function decided that some crazy Lisper somewhere may see the value in having the tail of the list for some calculation that uses this function.






Note

Remember from Chapter
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Comparing Stuff: eq, equal, and More







There’s a lot of beautiful symmetry in Lisp. One part of Lisp that isn’t so beautiful, though, involves the commands for comparing things.

If you want to compare two values in Lisp to find out if they are “the same,” you will find a bewildering assortment of different functions that purport to accomplish this. Of these, equal, eql, eq, =, string-equal, and equalp are the most commonly used. A Lisper must understand the subtleties of these functions intimately in order to know how to compare values correctly.


[image: image with no caption]



Before we start dissecting this madness, let me give you Conrad’s Rule of Thumb for Comparing Stuff. Follow this rule, and though you may not be writing the world’s cleanest Lisp code, you will probably be able to post some samples to a newsgroup without more seasoned Lispers running you out of town with torches and pitchforks.


[image: image with no caption]



Symbols should always be compared to other symbols with eq:


> (defparameter *fruit* 'apple)

*FRUIT*

> (cond ((eq *fruit* 'apple) 'its-an-apple)
        ((eq *fruit* 'orange) 'its-an-orange))

ITS-AN-APPLE

The eq function is the simplest of all the Lisp comparison functions, and it’s also very fast. It doesn’t really work for comparing items besides symbols, but if you consider the central role symbols play in Lisp, you’ll realize how useful this function can be. Experienced Lispers might look down on code if it compares two things, known to be symbols, with something other than eq.






Note

eq can also be used to compare conses (the links created by the cons command). However, it returns true values only when a cons is compared directly to itself, created by the same cons call. This means, two unrelated conses that “look” exactly the same can fail an eq test. Since eq can check a cons cell only against itself, using eq with conses isn’t really that useful for a beginner. However, an advanced Lisper may want to compare conses with eq under certain circumstances.







If you’re not dealing with two symbols, just use equal. This command will tell you when two things are isomorphic, meaning they “look the same.” It works for the whole suite of basic Lisp datatypes, as shown here:


;;comparing symbols
> (equal 'apple 'apple)

T

;;comparing lists
> (equal (list 1 2 3) (list 1 2 3))

T

;;Identical lists created in different ways still compare as the same
> (equal '(1 2 3) (cons 1 (cons 2 (cons 3))))

T

;;comparing integers
> (equal 5 5)

T

;;comparing floating point numbers
> (equal 2.5 2.5)

T

;;comparing strings
> (equal "foo" "foo")

T

;;comparing characters
> (equal #\a #\a)

T

As you can see, most items in Lisp can be effectively compared with equal, including strings and characters (which are discussed in the next chapter).

Now that you know the bare minimum about Lisp comparisons to fake your way through your next cocktail party, let’s look at all the other comparison commands.


[image: image with no caption]



The eql command is similar to the eq command, but unlike eq, it also handles comparisons of numbers and characters:


;;comparing symbols
> (eql 'foo 'foo)

T

;;comparing numbers
> (eql 3.4 3.4)

T

;;comparing characters
> (eql #\a #\a)

T

The equalp command is essentially the same as the equal command, except that it can handle some difficult comparison cases with a bit of extra sophistication. For instance, it can compare strings with different capitalizations and can compare integers against floating-point numbers:


;;comparing strings with different CAPS
> (equalp "Bob Smith" "bob smith")
T
;;comparing integers against floating point numbers
> (equalp 0 0.0)
T

The remaining comparison commands are just specializations for specific datatypes. Otherwise, they are similar to equal. For instance, the = (equal sign) function handles numbers, string-equal handles strings, and char-equal handles characters.

I hope that you can now appreciate just how seriously Lispers take comparisons.







What You've Learned









What You've Learned







In this chapter, we discussed how conditions work in Lisp. Along the way, you learned the following:



	The values nil, 'nil, (), and '() are all basically the same thing in Common Lisp.

	Lisp makes it easy to check for empty lists. This makes it simple to write list-eaters.

	Lisp conditionals, such as the if command, cause Lisp code to be evaluated only under the right conditions.

	If you need a conditional command that does everything, then you want to use cond.

	Comparing stuff in Lisp is complicated, but you can get by if you just use eq for comparing symbols and equal for comparing everything else.
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Describing the Scenery with an Association List







The world inside our adventure game is very simple, containing only three locations. Let’s first create a top-level variable, *nodes*, to contain descriptions of the locations that exist in our game:


(defparameter *nodes* '((living-room (you are in the living-room.
                            a wizard is snoring loudly on the couch.))
                        (garden (you are in a beautiful garden.
                            there is a well in front of you.))
                        (attic (you are in the attic.
                            there is a giant welding torch in the corner.))))

This variable contains a list and description of our three locations. In essence, the *nodes* variable basically gives us a way to find a piece of data associated with a lookup key. In this case, the key is the name of the place (living-room, garden, or attic), and the data is a text description of the scenery at that place. This type of structure is called an association list, or alist for short (alists are covered in greater detail in Chapter


Describing the Location









Describing the Location







Now that we’ve created an alist of our game world, we need to create a command to describe a location. To accomplish this, we’ll use the assoc function to find the correct item in the list using a key:


> (assoc 'garden *nodes*)
(GARDEN (YOU ARE IN A BEAUTIFUL GARDEN. THERE IS A WELL IN FRONT OF YOU.))

Using assoc, we can easily create the describe-location function:


(defun describe-location (location nodes)
   (cadr (assoc location nodes)))

To use this function, we pass in a location and the *nodes* list:


> (describe-location 'living-room *nodes*)
(YOU ARE IN THE LIVING-ROOM. A WIZARD IS SNORING LOUDLY ON THE COUCH.)

Why don’t we just reference the *nodes* variable directly from the describe-location function? Because this function is written in the functional programming style. In this style, a function will reference only parameters or variables declared in the function itself, and it will do nothing besides return a value, which is the description of the location in this case.

By writing functions that don’t reference variables in the “outside world” directly and that don’t perform any actions other than returning a value, you can write code that can easily be tested in isolation. You should try to write your Lisp functions in this style whenever possible. (We will discuss the functional programming style in greater detail in Chapter
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Describing the Paths







Now that we have basic descriptions of each location, we need descriptions of paths to other locations as well. We’ll create a second variable, *edges*, that contains the paths that players can take to move between places on our map. (We use the term edges because that’s the proper math term for the lines connecting nodes in a graph.)


(defparameter *edges* '((living-room (garden west door)
                                     (attic upstairs ladder))
                        (garden (living-room east door))
                        (attic (living-room downstairs ladder))))

Using this structure, we create the describe-path function, which builds a textual description of a given edge using our symbols system.


(defun describe-path (edge)
  `(there is a ,(caddr edge) going ,(cadr edge) from here.))

This describe-path function looks pretty strange—almost like a piece of data more than a function. Let’s try it, and then figure out how it works.


> (describe-path '(garden west door))
(THERE IS A DOOR GOING WEST FROM HERE.)

This function basically returns a piece of data with small bits of calculated information inserted into it. This feature of Lisp, called quasiquoting, allows us to create chunks of data that have small pieces of Lisp code embedded in them.





How Quasiquoting Works







To enable quasiquoting, you must use a backquote [`] not a single quote ['] when switching from code to data mode. The describe-path function has just such a backquote in it.

Both the single quote and backquote in Lisp “flip” a piece of code into data mode, but only a backquote can also be unquoted using the comma character, to flip back into code mode.

With a little imagination, this should make sense to you. After all, a comma does look just like an upside-down backquote, doesn’t it? Here’s how the flip-flop in the describe-path function works (the parts in code mode are shaded):


[image: image with no caption]



Lisp attempts to make list manipulation as easy as possible. Here, you can see how our program, which uses lists of symbols to store our text, can now leverage the quasiquoting feature to construct sentences in a very concise and clear way.







Describing Multiple Paths at Once







Now let’s use our describe-path function to create a more advanced function. Since a location may have any number of paths exiting from it, we need a function that can generate descriptions for all edges from a given location by looking up the location from our data structure of edges:


(defun describe-paths (location edges)
  (apply #'append (mapcar #'describe-path (cdr (assoc location edges)))))

This function uses a bunch of commands that may seem very exotic to a person not accustomed to the world of Lisp. Many programming languages would use some kind of for-next loop to run through the edges, and then cram the descriptions of each path together using a temporary variable. Lisp uses a much more elegant approach. Let’s see it in action:


> (describe-paths 'living-room *edges*)
(THERE IS A DOOR GOING WEST FROM HERE. THERE IS A LADDER GOING UPSTAIRS FROM HERE.)

The describe-paths function takes the following steps:



	Find the relevant edges.

	Convert the edges to descriptions.

	Join the descriptions.





Let’s see how it performs each of these steps.





Finding the Relevant Edges







The first, inner part of the describe-paths function is pretty straightforward. To find the relevant paths and edges leading from the living room, we use assoc again to look up the location in our list of edges:


> (cdr (assoc 'living-room *edges*))
((GARDEN WEST DOOR) (ATTIC UPSTAIRS LADDER))






Converting the Edges to Descriptions







Next, the edges are converted to descriptions. Here is just the code to accomplish this, shown in isolation:


> (mapcar #'describe-path '((GARDEN WEST DOOR) (ATTIC UPSTAIRS LADDER)))
((THERE IS A DOOR GOING WEST FROM HERE.)
 (THERE IS A LADDER GOING UPSTAIRS FROM HERE.))

The mapcar function is used frequently by Lispers. This function takes another function and a list, and then applies this function to every member of a list. Here’s an example:


> (mapcar #'sqrt '(1 2 3 4 5))
(1 1.4142135 1.7320508 2 2.236068)

This example passes the sqrt (square root) function, along with the (1 2 3 4 5) list, into mapcar. As a result, the function generates a list of the square roots of the original numbers by applying sqrt to every member of the list and creating a new list.

Functions that take other functions as parameters, such as mapcar, are very useful and a distinguishing feature of Lisp. Such functions are called higher-order functions.

Here is another example:


> (mapcar #'car '((foo bar) (baz qux)))
(foo baz)

This time, our source list contains two smaller lists. The car function, which grabs the first item in a list, causes mapcar to return the first items from each smaller list, foo and baz.

You may be wondering why the function names we pass into mapcar have the #' symbols in front of them. This symbol sequence is a shorthand for the function operator. The Lisp reader (the part of your Lisp environment that reads the code you type) will convert the previous example into the following longer version:


> (mapcar (function car) '((foo bar) (baz qux)))
(foo baz)

Common Lisp requires you to use the function operator when referring to a function as a value directly like this, because the name of a function may conflict with other named items in a program, causing unpredictable errors. For instance, imagine if we added more stuff to the previous example, like this:


[image: ] > (let ((car "Honda Civic"))
[image: ]    (mapcar #'car '((foo bar) (baz qux))))
  (foo baz)

In this version, the car symbol could have two different meanings. The first meaning of car is that it is a standard function built into Lisp (introduced in Chapter
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Describing Objects at a Specific Location







To create the final piece of code to help us visualize our game world, we need to describe the objects on the floor at a given location, which a player can pick up and use.





Listing Visible Objects







To do so, we first create a list of the objects:


> (defparameter *objects* '(whiskey bucket frog chain))
*OBJECTS*


[image: image with no caption]



We can also create a second variable, *object-locations*, to track the location of each object in the form of an alist:


(defparameter *object-locations* '((whiskey living-room)
                                   (bucket living-room)
                                   (chain garden)
                                   (frog garden)))

Next, we write a function that lists the objects visible from a given location:


(defun objects-at (loc objs obj-locs)
[image: ]   (labels ((at-loc-p (obj)
[image: ]              (eq (cadr (assoc obj obj-locs)) loc)))
[image: ]     (remove-if-not #'at-loc-p objs)))

This objects-at function declares a new function named at-loc-p using the labels command [image: ]. (Remember that the labels function allows you to define functions locally.) Since the at-loc-p function won’t be used elsewhere, we can just declare it directly within objects-at, hiding it from the rest of the code in our program.

The at-loc-p function takes the symbol for an object and returns t or nil, depending on whether that object exists at the location loc. It does this by looking up the object in the obj-locs alist. Then, it uses eq to see whether the location it finds matches the location in question [image: ].

Why did we name this function at-loc-p? When a function returns nil or a truth value, it’s a Common Lisp convention to append a p to the end of that function’s name. For instance, you can check that the number 5 is odd by calling (oddp 5). Such true/false functions are called predicates, which is why we use the letter p.

The remove-if-not function in the last line of the listing [image: ], as you might expect, removes all things from a list for which a passed-in function (in this case, at-loc-p) doesn’t return true. Essentially, it returns a filtered list of objects consisting of those items for which at-loc-p is true.

Here’s what object-at looks like in action:


> (objects-at 'living-room *objects* *object-locations*)
(WHISKEY BUCKET)






Describing Visible Objects







Now we can write a function to describe the objects visible at a given location:


(defun describe-objects (loc objs obj-loc)
[image: ]  (labels ((describe-obj (obj)
[image: ]               `(you see a ,obj on the floor.)))
[image: ]    (apply #'append (mapcar #'describe-obj (objects-at loc objs obj-loc)))))

In this listing, describe-objects first creates the describe-obj function [image: ]. This function generates a pretty sentence stating that a given object is on the floor, using quasiquoting [image: ]. The main part of the function consists of calling objects-at to find the objects at the current location, mapping describe-obj across this list of objects, and finally appending the descriptions into a single list [image: ].

Let’s try running describe-objects:


> (describe-objects 'living-room *objects* *object-locations*)
(YOU SEE A WHISKEY ON THE FLOOR. YOU SEE A BUCKET ON THE FLOOR)

Perfect!


[image: image with no caption]











Describing It All









Describing It All







Now we’ll tie all of these description functions into one easy command called look. Because this will be the actual command players can enter to look around them in the game, look will need to know a player’s current location. So, we need a variable to track the player’s current position. Let’s call it *location*:


(defparameter *location* 'living-room)

Because the *location* value is initialized to the living-room symbol, which occurs at the very start of the game, players will find themselves in the living room of the wizard’s house. At this point, we can write a look function to describe everything we need by having it call all of our descriptor functions:


(defun look ()
  (append (describe-location *location* *nodes*)
          (describe-paths *location* *edges*)
          (describe-objects *location* *objects* *object-locations*)))

Since the look function uses global variable names (such as *location*, *nodes*, and so on), the player won’t need to pass in any funky values in order to look out at the world. However, this also means that the look function is not in the functional programming style, because functions in the functional programming style reference only parameters or variables declared in the function itself. *location* and its ilk are global variables, so the look function doesn’t hold up muster.

Since the player’s location changes as the game progresses, look will do different things at different times in the game. In other words, the things you see when looking around will change depending on your location. In contrast, a function in the functional programming style always returns the same result, as long as the same values are given as parameters. The earlier functions we created, such as describe-location, describe-paths, and describe-objects, always return the same thing, no matter when they are called, as long as their parameters are kept the same.

Now here’s what we see when we use look:


> (look)
(YOU ARE IN THE LIVING-ROOM OF A WIZARD’S HOUSE.
THERE IS A WIZARD SNORING LOUDLY ON THE COUCH.
THERE IS A DOOR GOING WEST FROM HERE.
THERE IS A LADDER GOING UPSTAIRS FROM HERE.
YOU SEE A WHISKEY ON THE FLOOR.
YOU SEE A BUCKET ON THE FLOOR)


[image: image with no caption]









Walking Around in Our World









Walking Around in Our World







Now that we can see things in our world, let’s write some code so that we can walk around. The walk function (not in the functional style) takes a direction and lets us walk there:


(defun walk (direction)
[image: ]  (let ((next (find direction
[image: ]                    (cdr (assoc *location* *edges*))
[image: ]                    :key #'cadr)))
[image: ]  (if next
[image: ]      (progn (setf *location* (car next))
[image: ]             (look))
[image: ]      '(you cannot go that way.))))

First, this function looks up the available walking paths in the *edges* table, using the current location [image: ]. This is used by the find function to locate the path marked with the appropriate direction [image: ]. (find searches a list for an item, then returns that found item.) The direction (such as west, upstairs, and so on) will be in the cadr of each path, so we need to tell find to match the direction against the cadr of all the paths in the list.

We can do this by passing find a keyword parameter [image: ]. In Common Lisp, many functions (such as find) have built-in features that can be accessed by passing in special parameters at the end of the function call. For instance, the following code finds the first item in a list that has the symbol y in the cadr location:


> (find 'y '((5 x) (3 y) (7 z)) :key #'cadr)
(3 Y)

A keyword parameter has two parts:



	The first is the name (in this case :key), which begins with a colon. (We’ll discuss the meaning of this colon in more detail in Chapter
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Picking Up Objects







Next, let’s create a command to pick up objects in our world. To do so, we modify the variable *object-locations* that we’re using to track the location of objects:


(defun pickup (object)
[image: ]  (cond ((member object
[image: ]                 (objects-at *location* *objects* *object-locations*))
[image: ]         (push (list object 'body) *object-locations*)
           `(you are now carrying the ,object))
          (t '(you cannot get that.))))

The pickup function uses the member [image: ] function to see if the object is indeed on the floor of the current location. (The member function checks to see if a particular item is found in a list of items.) We use the objects-at command [image: ] to generate the lists of objects at the current location.

If the object is at the current location, we use the push command [image: ] to push a new item onto the *object-locations* list, consisting of the item and its new location. The new location will just be body, for the player’s body.

The push command [image: ] simply adds a new item to the front of a list variable’s list. For example, the following example adds the number 7 to the list 1 2 3:


> (defparameter *foo* '(1 2 3))
*FOO*
> (push 7 *foo*)
(7 1 2 3)
> *foo*
(7 1 2 3)

This push command is basically a convenience function built on top of setf. For example, we could have replaced the preceding push command with (setf *foo* (cons 7 *foo*)) and obtained the same result. It’s just easier to use push.

Pushing a new location for an object onto our *object-locations* alist does seem a bit odd. Since we’re never removing old locations for objects, just pushing new ones, it means that *object-locations* may contain multiple entries for a single object, and that this list now has two stored locations for the object in question. Fortunately, the assoc command, which we use to find objects in a given location (within the objects-at command), always returns the first item it finds in a list. Therefore, using the push command makes the assoc command behave as if the value in the list for a given key has been replaced altogether.

Using the push and assoc commands together in this way allows us to pretend that values in an alist are changing, while still preserving old values. Old values are simply suppressed by newer values, thus preserving a history of all old values. The push/assoc idiom is a common technique used by Lispers.

Now let’s walk back to the living room and try to pick up an object:


> (walk 'east)
(YOU ARE IN THE LIVING-ROOM OF A WIZARDS HOUSE. THERE IS A WIZARD SNORING
 LOUDLY ON THE COUCH. THERE IS A DOOR GOING WEST FROM HERE. THERE IS A LADDER
 GOING UPSTAIRS FROM HERE. YOU SEE A WHISKEY ON THE FLOOR. YOU SEE A BUCKET ON
 THE FLOOR.)
> (pickup 'whiskey)
(YOU ARE NOW CARRYING THE WHISKEY)

It worked. We’re carrying the whiskey, which means that we can now pick up things in our world!
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Finally, let’s create a function that lets players see an inventory of objects they are carrying:


(defun inventory ()
  (cons 'items- (objects-at 'body *objects* *object-locations*)))

This inventory function uses the objects-at function to retrieve a list of objects at a requested location. What location does it search for? If you remember, when an object was picked up by the player, we changed its location to 'body: This is the location we now use to query.

Let’s try out this inventory function:


> (inventory)
(ITEMS- WHISKEY)

As you can see, we are carrying only one item right now: the whiskey bottle we just picked up.

There you have it! We now have a basic engine for a text adventure game. We can look around the world with look; walk between places with walk; pick up objects with pickup; and check our inventory with inventory.

Of course, we don’t really have much of a game, since we can’t do anything with the objects we find. We’ll add a mechanism for actually manipulating objects in Chapter
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In this chapter, we put together a simple engine for a text adventure game. Along the way, you learned the following:



	A game world can be represented by a mathematical graph, consisting of nodes for the places the player can visit and edges for the paths between these places.

	You can store these nodes in an association list (alist) called *nodes*. This alist allows you to look up properties of a node/place by using its name. In the case of our game, the property we’re storing is a description of each node/place.

	You use the assoc function to look up a key (location name in our example) in an alist.

	Quasiquoting is a technique that allows you to insert small bits of computer code into larger pieces of data.

	Some Lisp functions accept other functions as arguments. These are called higher-order functions. The mapcar function is the most popular higher-order function in Common Lisp.

	To replace a value from an alist, you push new items onto the list. Only the most recent value will be reported by the assoc function.
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The Symmetry Between Code and Data in Lisp







You have seen that Lisp has very elegant and symmetrical facilities for translating raw string data from the outside world and converting it to and from Lisp syntax expressions. But Lisp has an even deeper symmetry. It can treat program code and data interchangeably. A programming language that uses the same data structures to store data and program code is called homoiconic.

You saw an example of homoiconicity in Chapter
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So far, we’ve been using the Lisp REPL to enter our game commands. It’s amazing how well this works for prototyping our game. But now that you’ve gained an understanding of the basic Common Lisp input and output commands, we can begin to put in place our own custom text game interface, which will be better suited for interacting with the player.





Setting Up a Custom REPL







Creating your own REPL in Lisp is almost laughably easy. Here’s a simple custom REPL for our game, which lets us call the look command in exactly the same way as the