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A Complete Guide to the Language and
Its Philosophy
This book takes you from your first Scheme expression through advanced top-
ics like continuations, hygienic macros, and metacircular interpreters. It ex-
plains not only how each feature works but why it exists, drawing on Scheme’s
history as aminimalist Lisp dialect designed by Guy Steele and Gerald Sussman
at MIT in 1975. Whether you are encountering Lisp for the first time or seeking
a deep reference for an existing language, this guide builds understanding
progressively through complete examples, precise technical explanations, and
honest discussion of trade-offs across Scheme’s major standards (R5RS, R6RS,
R7RS) and implementations.



Introduction: Why Learn Scheme?
It is possible to write an entire programming language in fifty pages. Not a toy
language that lacks real power but a complete, theoretically grounded system
capable of expressing any computation that can be computed. That language
is Scheme.

When you learn Scheme you are not just learning syntax and library calls.
You are learning how languages really work from the inside out. Scheme’s
radical simplicity means there is very little standing between you and the
fundamental ideas of computation: functions, environments, evaluation, con-
trol flow, and the representation of programs as data. Once you understand
Scheme you will look at other languages differently. You will see where they
add features that could have been derived from simpler mechanisms. You will
recognize patterns that first appeared in Lisp decades ago. And you will gain
tools for thinking about abstractions that serve you regardless ofwhat language
you use day to day.

The Promise of This Book

This book has a clear promise: by the time you finish it you will understand
Scheme deeply enough to write real programs in it, reason about its behavior
precisely, and appreciate why it is designed the way it is. You will know how to:

• Write idiomatic Scheme code using recursion, higher-order functions, tail
calls, and macros

• Understand the evaluation model that makes Scheme predictable and
mathematically clean

• Build interpreters, domain-specific languages, and powerful abstractions
from a tiny core

• Work with continuations to express sophisticated control flow patterns
• Navigate the differences between R5RS, R6RS, and R7RS standards
• Choose and use major implementations like Guile, Chicken, Racket, and
MIT Scheme
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• Apply practical software engineering techniques: testing, debugging,
profiling, and interoperability

No exercises or quizzes here. Every concept is explained through complete
examples, step-by-step walkthroughs, and progressively more sophisticated
programs that show how ideas fit together.

A Note on Standards and Portability

Scheme has a complicated standardization history. The R5RS standard from
1998 is widely regarded as an exemplar of concise language design: fifty pages,
nowasted features, everything composable. R6RS in 2007 tried to addmodules,
a standard library, and Unicode support but grew large enough that some
consider it a betrayal of Scheme’s minimalist spirit. R7RS-small from 2013
returned to minimalism while incorporating lessons from R6RS: a small core
plus a module system just big enough to be useful.

Throughout this book I will teach portable Scheme concepts first, then note
where standards diverge or implementations offer extensions. When I present
code that relies on a specific standard or implementation feature I will say so
explicitly. My default baseline is R5RS and R7RS-small since they represent
the shared core of Scheme culture, but I will cover R6RS features where they
matter for modern development.

How to Read This Book

Read it in order if you are new to Scheme. The chapters build on each other
deliberately: early chapters establish the mental model of evaluation and data
that later chapters assume. If you already know some Lisp or Scheme you can
skip ahead but you may want to skim the early material anyway since different
implementations teach different subsets of the language.

You will see many complete programs, not fragments. Fragments are con-
venient for tutorials but they obscure how pieces fit together. A full program
forces clarity about initialization, structure, and interaction between concepts.
When I show output I mark it clearly so you can verify your understanding by
running the code yourself.
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What Scheme Is Not

Scheme is not a language that tries to solve every problem with built-in
features. It has no standard library for web servers or database access. It does
not force you into a single paradigm: you can write purely functional code or
use mutation and side effects freely, though idiomatic Scheme leans toward
the former where it makes sense.

Scheme is also not Common Lisp. They share ancestry and some syntax
but their philosophies diverge sharply. Common Lisp aims to be a complete
development environment with batteries included; Scheme aims to be a mini-
mal foundation fromwhich you build what you need. Both are valid approaches
but they lead to different experiences. Understanding this distinction will help
you appreciate why Scheme does what it does.

Now let us begin.



Chapter 1: What Is Scheme?
Scheme is a programming language with an unusual story. It was not designed
by a committee trying to satisfy every stakeholder. It was not created to
replace an existing language through marketing and compatibility. It emerged
accidentally from curiosity, grew into one of the most influential languages
in computer science, and remains today a living experiment in how little you
really need to build a powerful programming system.

This chapter sets the stage for everything that follows. We will trace
Scheme’s origins at MIT, understand the philosophy of minimalism that defines
it, walk through its standardization history, and survey the implementations
you can use today. By the end you will know not just what Scheme is but why
it exists in its particular form.

The Lisp Family Tree: FromMcCarthy to Today

To understand Scheme you must first understand Lisp, because Scheme is a
dialect of Lisp and inherits Lisp’s most important ideas.

Lisp was created by John McCarthy at MIT in 1958 as an attempt to build
a programming language grounded in mathematical logic rather than machine
architecture. Its name stands for “LISt Processor” but that describes only one
aspect of it. What made Lisp revolutionary were three interconnected ideas:

1. Programs are data. Lisp code is written using the same list structures
that represent data, so programs can manipulate other programs as
easily as they manipulate numbers or strings. This property is called
homoiconicity and it enables powerful metaprogramming.

2. Functions are first-class values. You can pass functions as arguments to
other functions, return them from functions, store them in data struc-
tures, and create them at runtime. This was decades ahead of mainstream
languages.

3. Garbage collection handles memory automatically. Lisp pioneered the
idea that the runtime system should track which objects are still reach-
able and reclaim those that are not, freeing programmers from manual
memory management.
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Early Lisp implementations varied wildly. Different research groups added
their own features, changed syntax, and diverged in semantics. By the 1970s
there were dozens of Lisp dialects: MacLisp at MIT, Interlisp at Xerox PARC,
Franz Lisp, NIL, and others. Each had its strengths but the ecosystem was
fragmented.

Scheme emerged from this landscape as an attempt to distill Lisp down to
its essential ideas and express them cleanly.

The Birth of Scheme: MIT AI Lab and Minimalist Design

In November 1972 Guy Steele, then a graduate student at MIT, and his advisor
Gerald Jay Sussman began implementing Carl Hewitt’s Actor model of concur-
rent computation in MacLisp [2]. The Actor model described computation as
asynchronous message passing between independent objects called actors. As
they worked on the implementation they found themselves building an inter-
preter for a Lisp-like language based on lambda calculus that could express
Actors but was much simpler than MacLisp itself.

They initially considered calling this language “Actor” but the name was
taken by another project. Due to file naming limits on the DEC PDP-10
ITS operating system they settled on “Scheme,” a short name that fit and
suggested a plan or design, which suited its purpose as a framework for building
computational models.

The minimalism of Scheme was not originally intentional. Steele and
Sussman have said in interviews that they simply wanted a small interpreter
they could modify quickly while studying Actors. They discovered that lambda
calculus, a tiny formal system invented by Alonzo Church in the 1930s to study
computability, provided a clean foundation that was surprisingly expressive
when extended with just a few mechanisms: conditionals, side effects through
assignment, and continuations for control flow.

As they refined Scheme they published a series of influential papers as MIT
AI Lab memos between 1975 and 1980, now known collectively as the Lambda
Papers [25]. These papers explored fundamental questions about language
design and implementation:

• “Scheme: An Interpreter for Extended Lambda Calculus” (December 1975)
introduced the language.
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• “LAMBDA: The Ultimate Imperative” (March 1976) [26] showed how im-
perative constructs like iteration, goto, and assignment could be modeled
using only lambda application, conditionals, and occasionally assignment,
demonstrating that functional mechanisms are more fundamental than
imperative ones.

• “LAMBDA: The Ultimate GOTO” (October 1977) argued for tail-call opti-
mization as essential for expressing efficient iteration through recursion.

These papers did not just describe Scheme; they shaped thinking about
programming languages across the field. Steele and Sussman’s insight was that
a language should be designed not by adding features on top of features but
by removing weaknesses that make additional features seem necessary. This
philosophy became one of Scheme’s defining characteristics and influenced
later languages from Python to Rust.

Scheme also introduced several ideas that were novel for Lisp dialects:

• Lexical scope: Variables are resolved based on where they appear in
the source code, not when they are evaluated at runtime. This makes
reasoning about programs much easier and was inherited from ALGOL
rather than traditional Lisp dynamic scoping.

• Required tail-call optimization: Scheme was the first language to man-
date that tail calls execute in constant stack space, making recursion as
efficient as iteration.

• First-class continuations: The ability to capture and invoke the current
state of computation as a value, enabling sophisticated control flow
patterns.

The Standardization Story: R5RS Through R7RS

As Scheme spread beyond MIT it became necessary to standardize it so that
code written for one implementation would work on others. The standard-
ization process produced a series of documents called Revised Reports on the
Algorithmic Language Scheme, abbreviated as RnRS where n is the revision
number.

R3RS (1986) was the first formal report but had limited influence.
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R4RS (1991) added significant features including let*, letrec, named let,
and two macro systems: a low-level system using define-macro that could
cause name capture bugs, and a high-level hygienic system using syntax-
rules that prevented such bugs by respecting lexical scope. R4RS placed the
hygienic macros in an appendix as an extension rather than core language.

R5RS (1998) is widely considered the masterpiece of Scheme design [5]. It
promoted syntax-rules to a required feature, added vectors and strings as
standard types, specified delay/force for lazy evaluation, and codified proper
tail recursion as mandatory. At approximately fifty pages it remains an exem-
plar of concise language specification: every feature has a clear purpose, there
is minimal redundancy, and the semantics are precise enough that different
implementations agree on behavior while remaining flexible enough to support
diverse implementation strategies.

R6RS (2007) was controversial [3]. It added features many Schemers
considered essential for modern development: a module system with explicit
imports and exports, a standard library organized into named modules, Uni-
code support, a condition system for exceptions, multiple return values, and
syntax-case as an alternative to syntax-rules. However it also made syntax
case-sensitive by default, required the full numeric tower (exact rationals of
arbitrary precision, complex numbers), and grew to several hundred pages.
Critics argued it abandoned Scheme’s minimalist philosophy; supporters ar-
gued minimalism was not enough for real-world software development. The
controversy revealed a fundamental tension in the Scheme community be-
tween purity and practicality.

R7RS (2013) resolved the tension by splitting into two standards [4]:

• R7RS-small returned to minimalism with approximately fifty pages, sim-
ilar in spirit to R5RS but incorporating selective improvements from
R6RS: a small module system using (import) and (export), basic record
types, exception handling via with-exception-handler, and improved
numeric specifications [4]. It is designed for embedding, education, and
as a portable baseline.

• R7RS-largewas intended to be the practical standard for software devel-
opment, building on R7RS-small with extensive libraries organized into
“fascicles.” However the effort has progressed slowly and R7RS-large
remains incomplete as of 2026 [3]. Some fascicles have been ratified but
there is no single finished document.
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For the purposes of this book I will use R5RS and R7RS-small as my baseline
for portable Scheme, noting R6RS features where they are important and
implementation-specific extensions where they add practical value. The core
ideas of Scheme transcend any particular standard: what matters most is
understanding the evaluation model, the data structures, and the mechanisms
for abstraction that all standards share.

What Makes Scheme Different: A Philosophy of
Simplicity

Scheme’s design philosophy can be summarized in one sentence: provide a
small number of orthogonal mechanisms that compose into powerful abstrac-
tions, and trust the programmer to build what they need from them.

Several concrete principles flow from this:

Everything is an expression. In many languages there is a distinction
between expressions (which produce values) and statements (which perform
actions but do not produce values). In Scheme every syntactic form produces
a value, even control structures like if or cond. This uniformity makes it easier
to compose programs because you can nest any construct inside any other.

Few ways to form expressions. Scheme has only a handful of expression
forms: function application, variable reference, literals, and a small set of
special forms for control flow and binding (lambda, if, begin, define, set!,
quote). There are no separate syntaxes for loops, classes, pattern matching,
or exception handling. These concepts can be built from the core mechanisms
using macros and higher-order functions.

One namespace. Scheme is a Lisp-1: there is a single namespace for both
variables and procedures. When you write (square 4) the name square
is looked up in the same namespace as any other variable. This contrasts
with Lisp-2 languages like Common Lisp which have separate namespaces for
functions and variables, leading to confusion about which namespace a name
refers to.

Code is data. Scheme programs are written using list structures (and
symbols, numbers, strings) that the language itself can manipulate. This
homoiconicity means you can write programs that generate or transform
other programs at compile time using macros, or at runtime using eval. The
boundary between program and data is intentionally blurred.
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Lexical scope with first-class functions. Functions capture their defining
environment, creating closures. Combined with lexical scoping this gives you a
powerful tool for abstraction: you can create functions that “remember” values
from when they were defined, enabling patterns like encapsulation, partial
application, and continuation-passing style without requiring special language
support.

Tail calls are real. Scheme requires implementations to optimize tail calls
so that a function call in tail position does not consume additional stack space.
This means you can write recursive functions that iterate forever without
growing the stack, making recursion the natural loop construct rather than
an inefficient alternative.

These principles are not just theoretical elegance. They have practical
consequences:

• Readability: With fewer constructs to learn and remember, Scheme
programs tend to be easier to read once you are familiar with the style.

• Extensibility: When you need a control structure the language does not
provide you can define one as a macro that integrates seamlessly with the
rest of the syntax.

• Implementability: A small core makes it feasible to implement Scheme
in many different ways: interpreters, compilers, virtual machines, em-
bedded runtimes. This has led to a rich ecosystem of implementations
optimized for different use cases.

Choosing an Implementation: Getting Started with Real
Code

Scheme is defined by standards but used through implementations. Different
implementations make different trade-offs between portability, performance,
features, and ease of use. Here is a practical survey of themost important ones.

MIT Scheme (now MIT/GNU Scheme) is the historical implementation
from the MIT AI Lab where Scheme was created [2]. It is an interpreter with
extensive debugging facilities, a graphical interface for education, and deep
integration with SICP (Structure and Interpretation of Computer Programs),
the influential textbook that uses Scheme to teach computer science funda-
mentals [13]. MIT Scheme is not the fastest implementation but it is excellent
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for learning and experimentation because its error messages are helpful and
its REPL makes it easy to explore behavior interactively. It supports R5RS fully
and implements many extensions.

Guile (the GNU Ubiquitous Intelligent Language for Extension) is designed
as an extension language embedded in GNU software [9]. GNU Emacs, GIMP,
and many other GNU projects use Guile as their scripting engine. Guile
compiles Scheme code to a virtual machine bytecode and supports dynamic
linking, threads, and foreign function calls to C libraries [17]. It implements a
superset of R6RS with its own module system and extensive standard library.
Guile is particularly strong for systems programming and embedding because
of its stable C API and LGPL license.

Chicken compiles Scheme code to C, which is then compiled by a native C
compiler like GCC [9]. This gives Chicken excellent performance and the ability
to produce standalone executables with no runtime dependency. Chicken has
a rich extension system called “eggs” managed by chicken-install, and its
foreign function interface makes it easy to call C libraries directly [18]. Chicken
implements R5RS fully plus many extensions, and can produce code that runs
at speeds comparable to C for numerical computation.

Racket is amodern descendant of Scheme that grew into its own ecosystem
with an integrated development environment, package manager, teaching
languages (for CS education), and extensive libraries [9]. While Racket is
technically based on Scheme and supports R5RS compatibility mode, it has
diverged enough in features and conventions that many consider it a distinct
language in the Lisp family. Racket excels at language-oriented programming:
building domain-specific languages and teaching tools. Its macro system is
powerful and its documentation is excellent.

Gambit Scheme compiles to C and emphasizes both performance and
portability [9]. It produces fast standalone executables and has been used
in production systems including web servers and embedded applications.
Gambit supports R5RS fully and implements many SRFI extensions. Its macro
system includes both syntax-rules and a more powerful pattern-matching
extension.

Chez Scheme is widely regarded as one of the fastest Scheme implemen-
tations, with an optimizing compiler that produces highly efficient code [9].
It was developed by R. Kent Dybvig at Indiana University and is known for
its sophisticated type inference and compilation strategies. Chez Scheme
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implements R5RS fully plus many extensions including syntax-case. The full
version is commercial software but a reduced “Petite Chez” version is freely
available for evaluation and embedded use.

For learning purposes I recommend starting with any implementation that
supports R5RS or R7RS-small: MIT Scheme for interactive exploration, Chicken
if you want fast compilation to native code, or Guile for systems integration.
The core language concepts are the same across all of them; differences appear
mainly in library features, build tools, and performance characteristics.

In the next chapter we will start writing actual Scheme code. You will see
the read-eval-print loop, write your first expressions, and begin to develop the
mental model that makes Scheme intuitive rather than strange.



Chapter 2: First Steps in Scheme
The best way to learn Scheme is to use it. This chapter gets you writing and
running real code immediately. We will explore the interactive environment,
understand how Scheme evaluates expressions, work with numbers and arith-
metic, learn about quoting, and see how lists serve as the fundamental data
structure. By the end of this chapter you will have a working mental model of
how Scheme programs execute.

The Read‐Eval‐Print Loop: Your First Encounter

When you start a Scheme implementation you typically enter an interactive
environment called a REPL: read-eval-print loop. The REPL repeatedly per-
forms three steps: it reads an expression you type, evaluates that expression,
prints the result, and then waits for your next input.

Here is what this looks like in practice. I will show REPL sessions using >
as the prompt (the actual prompt varies by implementation). After each line of
input I show Scheme’s response on the next line:

1 > (+ 1 2)
2 3
3 > (* 6 7)
4 42
5 > (/ 100 4)
6 25

Notice the syntax immediately. In Scheme every operation is written with
the operator first, followed by its operands in parentheses. This is called prefix
notation or Polish notation. The expression (+ 1 2)means “apply the addition
function to arguments 1 and 2.” This may feel unusual if you are used to infix
notation like 1 + 2 but it has important advantages that will become clear as
we go deeper.

You can nest expressions freely:
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1 > (+ (* 3 4) (- 10 2))
2 22

Here Scheme evaluates (* 3 4) to get 12, evaluates (- 10 2) to get 8, then
adds them to produce 22. The nesting can be arbitrarily deep:

1 > (+ (* (- 10 3) (/ 20 5)) (expt 2 3))
2 31

Let me trace through this step by step so you see the evaluation order
clearly:

1. (- 10 3) evaluates to 7
2. (/ 20 5) evaluates to 4
3. (* 7 4) evaluates to 28
4. (expt 2 3) evaluates to 8 (exponentiation: 2 raised to the power 3)
5. (+ 28 8) evaluates to 31

The key insight is that Scheme always evaluates the operands before ap-
plying the operator, working from the inside out. This strategy is called
applicative-order evaluation and it is one of the fundamental rules governing
how Scheme executes programs.

You can also define your own named procedures in the REPL:

1 > (define (square x) (* x x))
2 square
3 > (square 5)
4 25
5 > (square (+ 3 4))
6 49

The define form creates a binding between a name and a value. Here we
define a procedure called square that takes one argument x and returns the
product of xwith itself. After defining it we can use square just like any built-in
operator.

When you are donewith the REPL you typically exit by typing a special com-
mand or pressing Ctrl-D. The exact method depends on your implementation:
in MIT Scheme you type (quit); in Chicken and many others Ctrl-D works.
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Expressions and Values: Everything Evaluates to
Something

In Scheme the fundamental unit of computation is an expression. An expres-
sion is any piece of code that evaluates to a value. This includes numbers,
arithmetic operations, function calls, conditionals, definitions, and even con-
trol structures. There is no distinction between expressions and statements
as in languages like C or Java where some constructs perform actions without
producing values.

Let us make this concrete. Consider these examples:

1 > 42
2 42
3 > #t
4 #t
5 > (+ 1 2)
6 3
7 > (if (> 5 3) "yes" "no")
8 "yes"
9 > (begin (display "hello") (newline) 99)
10 hello
11 99

Every one of these is an expression that evaluates to a value. Even begin,
which sequences multiple expressions, returns the value of its last subexpres-
sion. This uniformity is powerful because it means you can use any construct
wherever a value is expected:

1 > (+ 10 (if (> 5 3) 1 2))
2 11

Here the if expression appears as an operand to +, and that works perfectly
because if evaluates to a value.

Scheme has several categories of values:

• Numbers: integers, rationals, reals, complex numbers (more on this later)
• Booleans: #t for true, #f for false
• Pairs and lists: compound data structures built from pairs
• Symbols: named atoms like foo, x, my-variable
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• Strings: sequences of characters in quotes
• Characters: individual characters written as #\a, #\space
• Procedures: functions that can be applied to arguments
• Vectors: indexed collections similar to arrays
• Ports: handles for input and output operations

Every value has a type but Scheme does not require you to declare types
explicitly. Types are associated with values, not variables, so the same variable
can hold values of different types at different times. This is called dynamic
typing or latent typing.

Numbers and Arithmetic: More Than Just Math

Scheme has one of the richest numeric systems of any mainstream language.
The standard defines a “numeric tower” that includes:

• Complex numbers (the top level: all numbers are complex)
• Real numbers (complex numbers with zero imaginary part)
• Rational numbers (real numbers expressible as a ratio of integers)
• Integers (rationals where the denominator is 1)

In theory a Scheme implementation must support this full tower, but in
practice R5RS and R7RS-small allow implementations to support subsets. Most
implementations support exact integers of arbitrary precision, floating-point
numbers for inexact computation, and often rationals and complex numbers
as well.

Scheme distinguishes between exact and inexact numbers:

• Exact numbers represent mathematical values precisely: 1, 2/3, #e42
• Inexact numbers are approximations, typically floating-point: 1.0,
3.14159, #i42

You can see the difference in division:
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1 > (/ 1 3)
2 1/3
3 > (/ 1.0 3.0)
4 0.3333333333333333

The first result is an exact rational number (one third). The second is
an inexact floating-point approximation. When you mix exact and inexact
numbers in an operation the result is typically inexact:

1 > (+ 1 2.5)
2 3.5

Scheme provides a full set of arithmetic operations, all in prefix notation:

• Addition: (+ 1 2 3) returns 6 (note: operators can take multiple argu-
ments)

• Subtraction: (- 10 3 2) returns 5 (subtracts left to right: ((10 - 3) - 2))
• Multiplication: (* 2 3 4) returns 24
• Division: (/ 24 2 3) returns 4

Arithmetic operators in Scheme can accept any number of arguments,
not just two. For addition and multiplication this is natural since they are
associative. For subtraction and division the operation proceeds left to right:

1 > (- 10)
2 -10
3 > (- 10 3)
4 7
5 > (- 10 3 2)
6 5
7 > (/ 10)
8 0.1

With a single argument, - returns the negation and / returns the reciprocal.

Scheme also provides comparison predicates that return booleans:
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1 > (= 3 3)
2 #t
3 > (= 3 4)
4 #f
5 > (< 1 2 3 4)
6 #t
7 > (> 5 3 1)
8 #t
9 > (<= 2 2 3)
10 #t

Like arithmetic operators, comparison predicates can take multiple argu-
ments and check the relationship across all of them. (< 1 2 3 4) is true
because each number is strictly less than the next.

For more advanced numeric operations Scheme provides:

• (abs -5) returns 5 (absolute value)
• (max 1 7 3) returns 7
• (min 1 7 3) returns 1
• (expt 2 10) returns 1024
• (sqrt 16) returns 4
• (remainder 17 5) returns 2
• (modulo 17 5) returns 2 (same as remainder for positive numbers)
• (quotient 17 5) returns 3 (integer division)

Type predicates let you check what kind of number you have:

1 > (number? 42)
2 #t
3 > (integer? 42)
4 #t
5 > (integer? 42.0)
6 #t
7 > (rational? 1/3)
8 #t
9 > (real? 3.14)
10 #t
11 > (complex? 3+4i)
12 #t

Note that in the numeric tower every integer is also a rational, every rational
is also a real, and every real is also a complex. So (integer? 42) returns true
and so does (rational? 42) and (real? 42) because 42 belongs to all those
categories.
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Quoting: When YouWant Data Instead of Computation

So far every expression we have written has been evaluated. Numbers evaluate
to themselves, operators look up their procedures and apply them. But
sometimes you want to talk about code as data rather than executing it. For
that Scheme provides quoting.

The quote special form prevents evaluation of its argument:

1 > 'hello
2 hello
3 > '(1 2 3)
4 (1 2 3)
5 > '(+ 1 2)
6 (+ 1 2)

The single quote ' is shorthand for quote. Writing 'hello is exactly
equivalent to writing (quote hello). Both return the symbol hello without
trying to look it up as a variable name.

This distinction is crucial. Compare:

1 > (+ 1 2)
2 3
3 > '(+ 1 2)
4 (+ 1 2)

In the first case Scheme evaluates the expression: it looks up +, applies it
to arguments 1 and 2, and returns 3. In the second case Scheme returns the
list containing the symbol + and the numbers 1 and 2 as data. No computation
happens.

Quoting is essential in Scheme because the language treats code and data
uniformly. A Scheme program is just a structure made of lists, symbols,
and literals, exactly the same structures you use for data. When you quote
something you are saying “treat this structure as data, not as code to execute.”

You can quote any kind of value:
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1 > 'foo
2 foo
3 > '(a b c)
4 (a b c)
5 > '((1 2) (3 4))
6 ((1 2) (3 4))
7 > '(hello world (+ 1 2))
8 (hello world (+ 1 2))

In the last example notice that (+ 1 2) appears as a sublist inside the
quoted structure. It is not evaluated because it is inside the quoted expression.
The result is a list of three elements: the symbol hello, the symbol world, and
the list (+ 1 2).

Quoting also works with symbols that would otherwise be looked up as
variables:

1 > x
2 ; Error: unbound variable
3 > 'x
4 x

Without the quote, Scheme tries to find a value for the variable x and
fails because we never defined it. With the quote, Scheme simply returns the
symbol x as data.

Lists as the Fundamental Structure

Lists are everywhere in Scheme. They are used to represent code (a Scheme
program is a list of expressions), to store sequences of data, to build trees and
graphs, and to implement virtually every other data structure you might need.
Understanding lists is essential to understanding Scheme.

A list in Scheme is either:

1. The empty list, written '() or (list)
2. A pair whose second element (cdr) is a list

This recursive definition means a list is built from pairs chained together by
their second elements. Let us see how this works using cons, the fundamental
list-building operation:
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1 > (cons 1 '())
2 (1)
3 > (cons 2 (cons 1 '()))
4 (2 1)
5 > (cons 3 (cons 2 (cons 1 '())))
6 (3 2 1)

Each cons creates a pair: the first element goes into the “car” field and
the second element goes into the “cdr” field. When the cdr is itself a pair or
the empty list, Scheme displays the structure as a list by showing only the car
values in sequence.

You can access parts of a list using car (first element) and cdr (rest of the
list):

1 > (define my-list '(1 2 3 4))
2 my-list
3 > (car my-list)
4 1
5 > (cdr my-list)
6 (2 3 4)
7 > (car (cdr my-list))
8 2
9 > (cdr (cdr my-list))
10 (3 4)

Scheme provides shorthand names for common combinations of car and
cdr:

• cadr = car of cdr = second element
• caddr = car of cdr of cdr = third element
• cadddr = fourth element
• caar = car of car, cdar = cdr of car, etc.

These names follow a pattern: read from right to left, replacing each a with
“car” and each d with “cdr”. So caddrmeans (car (cdr (cdr x))).
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1 > (define lst '(10 20 30 40))
2 lst
3 > (cadr lst)
4 20
5 > (caddr lst)
6 30
7 > (cadddr lst)
8 40

You can test whether something is a list using list? and check for the
empty list using null?:

1 > (list? '(1 2 3))
2 #t
3 > (list? '())
4 #t
5 > (list? "hello")
6 #f
7 > (null? '())
8 #t
9 > (null? '(1))
10 #f

The list procedure constructs a list from any number of arguments:

1 > (list 1 2 3)
2 (1 2 3)
3 > (list 'a 'b 'c)
4 (a b c)
5 > (list (+ 1 2) (* 3 4))
6 (3 12)

Note that list evaluates its arguments before constructing the list, unlike
quoting which treats everything as data. So (list (+ 1 2) (* 3 4)) pro-
duces (3 12) because the arithmetic is performed first.

Lists can contain any kind of value, including other lists:
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1 > (define tree '(1 (2 3) (4 (5 6))))
2 tree
3 > (car tree)
4 1
5 > (cadr tree)
6 (2 3)
7 > (caaddr tree)
8 5

Here tree is a nested structure. (caaddr tree) means: take the cdr of
tree to get ((2 3) (4 (5 6))), take the cdr again to get ((4 (5 6))), take
the car to get (4 (5 6)), then take the car again to get 4. Wait, that gives 4
not 5. Let me correct: (caaddr tree) = (car (caddr tree)) = (car '(4
(5 6))) = 4. To get 5 we would use (cadddr (caddr tree)) = (car (cdr
(car (cdr (cdr tree))))).

This kind of nested access becomes cumbersome quickly, which is why we
will soon learn towrite procedures that traverse lists systematically rather than
manually composing car and cdr operations.

Lists are not the only kind of pair structure. A pair whose cdr is not a list or
the empty list is called a “dotted pair”:

1 > (cons 1 2)
2 (1 . 2)
3 > (cons '(a b) '(c d))
4 ((a b) . (c d))

The dot notation shows where the pair structure ends and a non-list value
begins. Proper lists always end with the empty list, so they do not display dots.
Dotted pairs are useful for building tree structures and other non-linear data
layouts.

Putting It Together: Your First Real Program

Let us write a small but complete program that exercises several concepts from
this chapter. This program defines procedures to work with lists of numbers:
computing the sum, finding the maximum, and checking whether all numbers
are positive.
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1 ;; sum-list.scm - Compute properties of a list of numbers
2
3 (define (sum-list nums)
4 "Return the sum of all numbers in NUMS."
5 (if (null? nums)
6 0
7 (+ (car nums) (sum-list (cdr nums)))))
8
9 (define (max-list nums)
10 "Return the maximum number in NUMS. Error if NUMS is empty."
11 (if (null? nums)
12 (error "max-list: empty list")
13 (let loop ((rest (cdr nums)) (current-max (car nums)))
14 (if (null? rest)
15 current-max
16 (loop (cdr rest)
17 (if (> (car rest) current-max)
18 (car rest)
19 current-max))))))
20
21 (define (all-positive? nums)
22 "Return #t if all numbers in NUMS are positive, #f otherwise."
23 (if (null? nums)
24 #t
25 (and (> (car nums) 0)
26 (all-positive? (cdr nums)))))
27
28 ;; Test the procedures
29 (define test-numbers '(3 -1 7 2 9))
30
31 (display "List: ")
32 (display test-numbers)
33 (newline)
34 (display "Sum: ")
35 (display (sum-list test-numbers))
36 (newline)
37 (display "Max: ")
38 (display (max-list test-numbers))
39 (newline)
40 (display "All positive? ")
41 (display (all-positive? test-numbers))
42 (newline)

Let me explain what is happening here. The sum-list procedure uses
recursion: if the list is empty return 0, otherwise add the first element to
the sum of the rest. This is a fundamental pattern in Scheme that we will see
repeatedly.

The max-list procedure introduces let loop, a named let form that
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creates a local recursive procedure for iteration. It carries along a current-
max value as it traverses the list, updating it whenever it finds a larger element.

The all-positive? procedure uses and to combine two conditions: the
first element is positive AND all the rest are positive. The base case (empty
list) returns true because “all elements of an empty list satisfy any property” is
vacuously true.

At the bottom we test everything using display and newline for output.
Running this program produces:

1 List: (3 -1 7 2 9)
2 Sum: 20
3 Max: 9
4 All positive? #f

This small program demonstrates several key ideas: recursion as the pri-
mary looping mechanism, list processing with car/cdr/null?, conditional logic
with if and and, defining named procedures with define, and basic I/O. In the
next chapters we will deepen each of these concepts and add more powerful
tools to our toolkit.

In Chapter 3 we will explore procedures in depth: how they are defined,
applied, and treated as first-class values that can be passed around like any
other data.
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