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Chapter

1

Hello, Go: The Language and Its Toolbox


Go is a compiled, statically typed language that produces a single self-contained binary, collects its own garbage, compiles fast enough to feel interpreted, and — this is the part that surprises people — deliberately leaves things out. There are no classes, no exceptions, no generics until you reach for them, and exactly one loop keyword. That minimalism isn’t an oversight; it’s the whole design. Go was built to keep large codebases, worked on by large teams over many years, readable and maintainable, and most of its choices make more sense once you read them as answers to “how do we keep a million-line codebase from rotting.”

This first chapter is orientation: what the language values, the shape of the smallest program, and the toolbox that ships with Go instead of being assembled from third-party pieces.

What Go optimizes for

Every language optimizes for something, and knowing what tells you why the rest looks the way it does. Go optimizes for reading code you didn’t write. The consequences run through everything:


	One obvious way to do things. Where other languages give you five ways to format a string or lay out a class, Go tends to give you one, so code from different authors looks the same. Formatting isn’t even a matter of taste (below).

	A small language you can hold in your head. The spec is short. You can learn essentially all of the syntax in a week, which means you spend your time on the problem, not the language.

	Fast compiles and a single binary. go build produces one statically linked executable with no runtime to install on the target machine — you copy the file and run it. Compilation is fast by design, so the edit-build-run loop stays tight even on big projects.

	Concurrency as a first-class idea. Goroutines and channels are built into the language, not a library — enough that the second series in this track is devoted to them.



The flip side is real and worth saying plainly: Go can feel verbose and under-featured if you arrive expecting rich type systems or terse expressiveness. The if err != nil you’ll write hundreds of times is the canonical complaint. Whether that trade is worth it depends on what you’re building — but the trade is deliberate, and this series will keep pointing out why each spartan choice was made rather than treating it as a limitation to apologize for.

The smallest program

Here is a complete Go program:

package main

import "fmt"

func main() {
	fmt.Println("Hello, Go")
}

Four things are load-bearing, and they’re worth naming because you’ll write them constantly:


	package main. Every Go file belongs to a package. The special package main with a main function is what produces an executable; any other package name produces a library. The first line of every file declares its package.

	import "fmt". You pull in other packages by import path. fmt (from the standard library) is Go’s formatted-I/O package — Println, Printf, Sprintf. Imports are explicit and, notably, an unused import is a compile error, not a warning. Go refuses to build code with dead imports, which is the first hint of how opinionated the compiler is.

	func main(). Execution starts here. No arguments, no return value.

	The capital P in Println. Identifiers that start with an uppercase letter are exported (visible outside their package); lowercase ones are package-private. That single rule replaces public/private keywords entirely, and it’s why fmt.Println is capitalized — you’re calling an exported function.



Run it with go run:

$ go run main.go
Hello, Go

go run compiles to a temporary binary and executes it in one step — the closest Go gets to a scripting feel. When you want the artifact, go build produces the standalone binary:

$ go build -o hello main.go
$ ./hello
Hello, Go

That ./hello is a complete, statically linked executable you can ship as-is. No interpreter, no virtual machine, no dependency install on the target box.

Modules: how Go finds your code

A real program is more than one file, and Go organizes code into modules. A module is a directory tree with a go.mod file at its root that names the module and records its dependencies. You create one with go mod init and an import path (conventionally a URL you control):

$ go mod init example.com/hello

That writes a go.mod recording the module path and the Go version. From then on, go build, go run, and go test operate on the module, go get adds dependencies to it, and the toolchain resolves imports against it. We give modules a full chapter at the end of the series; for now, know that go mod init is the first command you run in a new project, and the go.mod file is the source of truth for what your code depends on.

The toolbox is the language

Here’s where Go differs most from what you may be used to: the tooling is part of the distribution, not a marketplace of competing third-party tools. Installing Go gives you the compiler, the formatter, the test runner, the vet checker, the documentation viewer, and the dependency manager — one go command, subcommanded:


	go run — compile and run in one step (development).

	go build — produce a binary.

	go test — run tests (below).

	gofmt (or go fmt) — canonical formatting. This is the one to internalize: Go has a single official code format, and gofmt rewrites your file to it. Tabs, brace placement, alignment — all decided, none argued about. Teams don’t run style debates or bikeshed a linter config; they run gofmt and move on. Most editors run it on save.

	go vet — a static analyzer that flags correct-looking but probably-wrong code (a Printf format string that doesn’t match its arguments, an unreachable branch). It’s not a style checker; it’s a bug catcher, and it’s worth wiring into CI.

	go doc — prints documentation for a package or symbol from the source itself (go doc fmt.Println), because doc comments live next to the code.



The point is cultural as much as technical: because these ship together and everyone uses them, a Go codebase from anywhere looks and behaves like a Go codebase from anywhere else. That uniformity is exactly what the language was optimizing for.

Testing comes in the box too

Tests aren’t a separate framework you choose; they’re built in. A test is a function named TestXxx taking a *testing.T, in a file ending _test.go, run by go test:

// greet.go
package main

import "fmt"

func Greet(name string) string {
	return fmt.Sprintf("Hello, %s", name)
}

// greet_test.go
package main

import "testing"

func TestGreet(t *testing.T) {
	got := Greet("Ada")
	want := "Hello, Ada"
	if got != want {
		t.Errorf("Greet(Ada) = %q, want %q", got, want)
	}
}

$ go test
ok  	example.com/hello	0.27s

Notice there’s no assertion library and no expect(...).toBe(...) — you compare with plain if and report with t.Errorf. That’s idiomatic Go testing, and it’s another instance of “one small way, built in.” We cover testing properly (table-driven tests, benchmarks, fuzzing) in the Building Real Things in Go series; here it’s enough to see that go test is a first-class citizen and that a _test.go file sitting next to your code is all a test needs.

The workflow, start to finish

Putting it together, the loop you’ll live in:

$ go mod init example.com/thing   # once, at project start
$ go run .                        # write code, run it
$ gofmt -w .                      # format (usually your editor does this)
$ go vet ./...                    # catch likely bugs
$ go test ./...                   # run the tests
$ go build -o thing .             # produce the binary to ship

The ./... you’ll see everywhere means “this directory and every package under it” — the recursive wildcard the go command uses to operate on a whole module at once. go test ./... runs every test in the project; go vet ./... checks all of it.

Final thoughts

Go is a small, compiled, opinionated language that trades expressiveness for readability and produces a single binary with a fast compile. A program is a package, an import or two, and a func main; capitalization decides what’s exported; unused imports don’t compile. And the toolbox — run, build, module management, gofmt, vet, test, doc — ships with the language, which is why Go code from anywhere feels the same. Hold onto the philosophy as much as the syntax: nearly every “why is it like this?” in the chapters ahead has the same answer — because it keeps large code readable. Next we start on the language itself, with the pieces you declare before you can do anything else.







Chapter

2

There Is No Uninitialized Memory: Variables and Zero Values


Before you can do anything in a program you have to declare things, and Go’s rules for that are short — deliberately so. But underneath the syntax sits one idea that shapes how Go code reads and how few of a certain class of bugs you’ll write: a declared variable is never uninitialized. The moment a variable exists it holds a well-defined value, its type’s zero value, whether or not you gave it one. That single guarantee is worth understanding before the syntax, because it’s the reason a lot of Go code can skip the defensive checks you might expect.

Zero values: the idea first

In many languages a freshly declared variable is a hazard until you assign to it. A local int might be garbage; an object reference is null until you point it somewhere, and dereferencing it early is the billion-dollar mistake. Go closes that door at the language level. Every type has a zero value, and every declaration that doesn’t specify an initial value gets it:


	numeric types → 0

	bool → false

	string → "" (the empty string, not null)

	pointers, slices, maps, channels, functions, interfaces → nil

	a struct → a struct whose every field is its own zero value



Here is a program that declares one of each and prints it:

package main

import "fmt"

type Point struct {
	X, Y int
}

func main() {
	var i int
	var f float64
	var b bool
	var s string
	var p *int
	var sl []int
	var m map[string]int
	var pt Point

	fmt.Printf("int:     %d\n", i)
	fmt.Printf("float64: %g\n", f)
	fmt.Printf("bool:    %t\n", b)
	fmt.Printf("string:  %q\n", s)
	fmt.Printf("pointer: %v\n", p)
	fmt.Printf("slice:   %v (nil? %t)\n", sl, sl == nil)
	fmt.Printf("map:     %v (nil? %t)\n", m, m == nil)
	fmt.Printf("struct:  %v\n", pt)
}

$ go run .
int:     0
float64: 0
bool:    false
string:  ""
pointer: <nil>
slice:   [] (nil? true)
map:     map[] (nil? true)
struct:  {0 0}

Two things there are worth pinning down. First, a zero-valued string is "", a real empty string you can range over and take the length of, not a null you must guard against. Second, a zero-valued struct is fully formed: Point{} is {0 0}, not nil, because each field fell to its own zero. This composability is why Go programmers say the zero value should be useful. A bytes.Buffer needs no constructor because its zero value is a ready, empty buffer; sync.Mutex’s zero value is an unlocked mutex. When you design your own types, aim for the same: make the zero value do something sensible, and callers can skip a construction step.

The nil slice and nil map are the exception that proves the rule. A nil slice reads fine — its length is 0 and you can append to it — but a nil map is read-only; writing to one panics. We’ll get to why when we cover maps. For now, notice the guarantee is real but not a blank check: useful zero value, not always writable.

var and the short form

The long way to declare is var, and it comes in three shapes:

package main

import "fmt"

func main() {
	var name string = "Ada" // explicit type
	var age = 36            // type inferred from value
	var active bool         // zero value: false
	count := 0              // short form: declare + infer + assign

	fmt.Println(name, age, active, count)

	// multiple assignment
	x, y := 1, 2
	x, y = y, x // swap, no temp
	fmt.Println(x, y)
}

$ go run .
Ada 36 false 0
2 1

When you supply an initial value, the type is optional — the compiler infers it — so var age = 36 gives an int and var name string = "Ada" states the type you could have left off. When you don’t supply a value, as with var active bool, you must name the type (there’s nothing to infer from), and the variable takes that type’s zero value.

The := short form is what you’ll write most inside functions. It declares and assigns in one move, inferring the type: count := 0 is an int, count := 0.0 a float64. It only works inside a function — package-level declarations must use var — and it requires at least one new variable on the left. That last rule is what lets you reuse := in the n, err := ... pattern you’ll see constantly: as long as one name is new, the others can be reassignments.

Multiple assignment also gives you the clean swap: x, y = y, x. The right-hand side is fully evaluated before anything is assigned, so no temporary is needed and the swap is honest.

Block scope, and the shadowing trap

Go is block-scoped: a variable is visible from its declaration to the end of the enclosing { }. A := inside an inner block creates a new variable that shadows any outer one of the same name for the rest of that block, and this is where := bites.

package main

import "fmt"

func main() {
	err := "outer"
	fmt.Println("before block:", err)

	if true {
		err := "inner" // NEW variable, shadows the outer one
		fmt.Println("inside block:", err)
	}

	fmt.Println("after block:", err) // still "outer"
}

$ go run .
before block: outer
inside block: inner
after block: outer

Written on purpose that’s harmless. Written by accident it’s a genuine bug, and the classic version costs people real time. Suppose you mean to accumulate into a total but reach for := inside the loop:

func parseTotal(inputs []string) int {
	total := 0
	for _, in := range inputs {
		n, err := strconv.Atoi(in)
		if err == nil {
			total := total + n // BUG: := declares a new, block-local total
			_ = total
		}
	}
	return total
}

You meant total = total + n (assign) and wrote total := total + n (declare). The inner total is a brand-new variable that lives and dies inside the if; the outer one never moves.

$ go run .
0

Zero, from parseTotal([]string{"1", "2", "3"}), when you expected 6. The fix is one character — = not := — but the compiler won’t save you here, and neither does go vet by default. The lesson is a habit: reach for = when you mean to update an existing variable, and treat a := that names a variable you already have as a thing to look at twice. (Go’s shadow checker exists but is off by default; some teams turn it on in CI.)

Constants and iota

A constant is a value fixed at compile time, declared with const. Constants can be untyped, which makes them flexible in a way we’ll return to in the next chapter; here the mechanical points are that const values can’t be reassigned and must be computable at compile time — no function calls, no reading a variable.

Go has no enum keyword. Instead it gives you iota, a counter that resets to 0 at the start of each const block and increments by one per line. That’s enough to build enumerations:

package main

import "fmt"

const (
	StatusPlaced    = iota // 0
	StatusPaid             // 1
	StatusShipped          // 2
	StatusDelivered        // 3
)

type ByteSize float64

const (
	_           = iota // ignore first value (0)
	KB ByteSize = 1 << (10 * iota)
	MB
	GB
)

func main() {
	fmt.Println(StatusPlaced, StatusPaid, StatusShipped, StatusDelivered)
	fmt.Printf("KB=%g MB=%g GB=%g\n", KB, MB, GB)
}

$ go run .
0 1 2 3
KB=1024 MB=1.048576e+06 GB=1.073741824e+09

The first block is the everyday case: four named statuses, 0 through 3, no repetition. The second shows the trick that makes iota more than an auto-incrementer. Because the expression on one line is repeated on the blank lines below it, writing 1 << (10 * iota) once defines KB, MB, and GB as successive powers of 1024. The leading _ = discards the 0 value so KB lands on iota 1. You won’t reach for that every day, but it shows iota is a compile-time expression, not just a line number.

One caveat with the simple enum form: because the underlying values are plain integers, an order status of “shipped” and any other constant that happens to equal 2 are indistinguishable to the type system. When you want a real, distinct type — one the compiler will keep separate from a bare int — you give the constants a named type (as ByteSize does above). We’ll build proper typed enums when we reach custom types.

Final thoughts

Declaring things in Go is a small surface: var for the explicit form and package level, := for the short form inside functions, multiple assignment for tuples and swaps, const and iota for compile-time values and enumerations. The idea holding it together is the zero value — every variable is born initialized, so there is no uninitialized memory and no default null waiting to trip you. Design your own types so their zero value is useful and you inherit that same calm. The one sharp edge is := shadowing; when you mean to update, write =. Next we look at what those declared values actually are: Go’s built-in types, and why the language makes you spell out every numeric conversion by hand.
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Numbers That Don't Lie About Their Size: Go's Basic Types


Go’s built-in types are a short list, and most of them behave the way you’d guess. Two things do not, and they’re the reason this chapter exists: Go will never convert one numeric type to another on your behalf, and when an integer runs past the edge of its range it wraps around silently rather than raising anything. Both are deliberate, both follow from the same value — no hidden behavior at runtime — and both will surprise you at least once. We’ll build the chapter around them.

The numeric family

Go’s numbers come sized. The integers are int8, int16, int32, int64 and their unsigned twins uint8, uint16, uint32, uint64; the floats are float32 and float64. The size is in the name, so there’s no guessing how many bits you have, and no platform where int32 quietly means something else.

Two of those have familiar aliases. byte is an alias for uint8 — the same type under a name that says “raw byte” — and rune is an alias for int32, used to mean “a single Unicode code point.” They aren’t separate types; they’re the same type wearing a name that documents intent:

package main

import "fmt"

func main() {
	var b byte = 65  // byte is an alias for uint8
	var r rune = '世' // rune is an alias for int32, a Unicode code point
	fmt.Printf("byte %d is %c\n", b, b)
	fmt.Printf("rune %d is %c\n", r, r)

	// int is platform-sized: 64-bit on a 64-bit build
	fmt.Println("int max on this build:", int(^uint(0)>>1))
}

$ go run .
byte 65 is A
rune 19990 is 世
int max on this build: 9223372036854775807

Then there’s plain int (and uint), the one you’ll reach for by default. Unlike the sized types, int is platform-sized: 32 bits on a 32-bit build, 64 bits on a 64-bit build. On the machine above it’s 64-bit, so its maximum is 9223372036854775807. The rule of thumb is simple — use int for counts, indices, and ordinary arithmetic, and reach for a sized type only when you have a reason (a wire format, a memory budget, an interface that demands one). That '世' is a rune literal, a Unicode code point written between single quotes; we’ll do runes, bytes, and UTF-8 properly in the strings chapter. Here it’s just a number that happens to print as a character.

No implicit conversion

Here’s the first surprise. Add an int to a float64 and Go refuses to compile:

package main

import "fmt"

func main() {
	i := 3
	f := 2.5
	sum := i + f // no implicit conversion
	fmt.Println(sum)
}

$ go run .
# example.com/basics
./main.go:8:9: invalid operation: i + f (mismatched types int and float64)

Not a warning, a hard error. Most languages would silently promote the int to a float64 and hand you 5.5. Go won’t, and the reasoning is the through-line of the whole language: an implicit conversion is a hidden operation, and hidden operations are where precision loss and sign surprises come from. So Go makes you write the conversion yourself, as a plain function-call-looking T(x):

package main

import "fmt"

func main() {
	i := 3
	f := 2.5
	sum := float64(i) + f // explicit conversion, spelled out
	fmt.Println(sum)

	// converting a float VARIABLE to int truncates toward zero, it does not round
	a, b := 2.9, -2.9
	fmt.Println(int(a), int(b))
}

$ go run .
5.5
2 -2

float64(i) converts the int to a float, and now the addition has two operands of the same type. The verbosity is the point: every place a number changes type is visible in the source, so when you read code later you can see exactly where a value could have lost precision. And note the second line — converting a float back to an int truncates toward zero, it does not round. 2.9 becomes 2 and -2.9 becomes -2. If you wanted rounding you’d say so with math.Round.

(A subtlety for later: this truncation happens when you convert a variable. Trying to convert the constant 2.9 to int directly is instead a compile error, because a constant must be exactly representable in its target type. That’s the untyped-constant rule, coming up at the end.)

Integer overflow wraps, silently

The second surprise is what happens at the edge of a type’s range. Push a signed integer one past its maximum and it doesn’t panic, doesn’t error, doesn’t saturate — it wraps to the minimum, the way two’s-complement hardware does:

package main

import (
	"fmt"
	"math"
)

func main() {
	var max int8 = math.MaxInt8 // 127
	fmt.Println("max int8:", max)
	max++ // wraps, no panic, no error
	fmt.Println("after ++:", max)

	var u uint8 = 0
	u-- // wraps the other way
	fmt.Println("0 - 1 as uint8:", u)
}

$ go run .
max int8: 127
after ++: -128
0 - 1 as uint8: 255

Incrementing a maxed-out int8 gives -128, and decrementing a uint8 of 0 gives 255. This is well-defined behavior — Go specifies wraparound, so it’s portable and predictable — but it’s silent, and that’s the trap. A counter in a too-small type, a subtraction on an unsigned value that goes below zero, an index computed near a boundary: none of these announce themselves. The defense is to pick a type wide enough for the values you’ll actually see (int is 64-bit on modern builds for exactly this comfort) and to be deliberate with unsigned types, whose floor at zero is a common source of the wraparound above.

bool and a first look at string

After the numbers, bool is refreshingly boring. It’s true or false, its zero value is false, and — one thing to note coming from C — it is not a number. You cannot add a bool, and if 1 doesn’t compile; a condition must be an actual boolean expression. There’s no truthiness in Go, which removes a whole category of “did they mean the value or the truthiness” ambiguity.

string gets a full chapter later, but two facts belong here because they follow from the type system. A string is a sequence of bytes, and it is immutable: once created you cannot change its contents. You can build new strings from old ones, index into one to read a byte, and take its length, but s[0] = 'H' won’t compile. That immutability is what makes strings safe to pass around and share without defensive copying. The other fact you already saw in the last chapter — a string’s zero value is "", a usable empty string, never a null. The interesting parts (why len counts bytes not characters, how runes and UTF-8 fit together, why indexing gives you a byte) wait for chapter eight.

Untyped constants: the flexible ones

There’s one more piece, and it resolves something you might have wondered about. If Go is so strict about numeric types, how does var x float64 = 3 work when 3 looks like an int? The answer is that constants are untyped until they’re used.

A literal like 3, 2.5, or 1 << 40 has a default type but isn’t pinned to it. It carries its value with arbitrary precision and only takes on a concrete type at the moment you assign it to a variable or use it where a specific type is required. That’s why one constant can be used as several different types:

package main

import "fmt"

const big = 1 << 40 // untyped constant, way past int32 range

func main() {
	var f float64 = big // used as a float64 here
	var i int64 = big   // and as an int64 here — same constant
	fmt.Println(f, i)

	// untyped constants carry arbitrary precision until assigned
	const third = 1.0 / 3.0
	fmt.Printf("%.10f\n", third)
}

$ go run .
1.099511627776e+12 1099511627776
0.3333333333

The single constant big becomes a float64 in one line and an int64 in the next, with no conversion written, because it was never an int to begin with — it becomes whatever the context needs, as long as its value fits. This is exactly why float64(i) was required earlier but var f float64 = 3 is not: i is a typed variable and needs an explicit conversion, while 3 is an untyped constant that simply adopts float64. It’s also why the compiler could reject int(2.9) on a constant — the constant 2.9 is not representable as an integer, and the untyped-constant rules catch that at compile time instead of truncating silently.

The practical upshot: write your numeric literals plainly and let them flow into whatever type the surrounding code calls for. The strictness you feel with variables mostly evaporates for constants, and that’s by design.

Operators

The operators are mostly what you’d expect, so the point of this section is the one family that isn’t. Arithmetic is + - * / % (with % the integer remainder). Comparison is == != < <= > >=, and it always produces a bool. Logical operators are &&, ||, and !, and the first two short-circuit — the right side isn’t evaluated if the left already settles the answer. (Complex numbers get their own complex128/complex64 types and a couple of built-ins; they’re out of scope for this series.)

The part worth slowing down for is the bitwise operators, which work on the bits of integer values: & (AND), | (OR), ^ (XOR), the shifts << and >>, and Go’s distinctive &^ (AND-NOT, also called bit clear). That last one has no single-character equivalent in most languages: a &^ b keeps the bits of a except where b has a bit set, so it clears exactly the bits in the mask b. It’s the clean way to turn flags off.

package main

import "fmt"

func main() {
	a, b := 12, 10 // 1100 and 1010 in binary

	fmt.Printf("a & b  = %2d  (%04b)\n", a&b, a&b)   // AND
	fmt.Printf("a | b  = %2d  (%04b)\n", a|b, a|b)   // OR
	fmt.Printf("a ^ b  = %2d  (%04b)\n", a^b, a^b)   // XOR
	fmt.Printf("a &^ b = %2d  (%04b)\n", a&^b, a&^b) // AND-NOT (bit clear)

	fmt.Printf("1 << 4 = %d\n", 1<<4)   // left shift
	fmt.Printf("48 >> 2 = %d\n", 48>>2) // right shift
}

$ go run .
a & b  =  8  (1000)
a | b  = 14  (1110)
a ^ b  =  6  (0110)
a &^ b =  4  (0100)
1 << 4 = 16
48 >> 2 = 12

Read the binary and each result falls out. 12 & 10 keeps only the bits set in both (1000, which is 8); | keeps bits set in either; ^ keeps bits set in exactly one. The &^ line is the interesting one: starting from 1100, the mask 1010 clears the third bit and leaves 0100, which is 4. The shifts are multiply and divide by powers of two — 1 << 4 is 1 moved left four places, giving 16, and 48 >> 2 moves right two places, giving 12. One caveat that follows from the earlier overflow rule: shifting left far enough runs a value off the top of its type and the high bits are simply lost, silently, the same wraparound you saw before.

Final thoughts

Go’s basic types are a small, sized, honest set. The two rules that trip people up both come from the same place — no hidden runtime behavior: numeric conversion is always explicit, so you can see every place a value changes type, and integer overflow wraps silently, so you pick your widths on purpose. bool is not a number, string is an immutable byte sequence with a usable empty zero value, and untyped constants are the pressure valve that keeps literals from making the strictness painful. Next we start writing real logic, beginning with functions — including the multiple-return-value habit that makes Go’s whole approach to errors work, and defer, the cleanup mechanism you’ll come to rely on.
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Two Values and a Promise: Functions and defer


Functions are where a language’s ergonomics show, and Go’s have two features that flavor everything you’ll write in the language: functions can return more than one value, which is the mechanism that makes Go’s error handling work without exceptions, and defer, which schedules cleanup to run when a function returns. Neither is exotic, but both shape idiomatic Go strongly enough that you can’t read real code without them. We’ll cover the ordinary function machinery first, then spend real time on multiple returns and on defer, including the couple of edges that catch people.

Multiple return values

A Go function can return several values, and this is not a curiosity — it’s load-bearing. Go has no exceptions. Instead, a function that can fail returns its result and an error, side by side, and the caller checks the error before trusting the result:

package main

import (
	"fmt"
	"strconv"
)

func main() {
	n, err := strconv.Atoi("42")
	if err != nil {
		fmt.Println("bad number:", err)
		return
	}
	fmt.Println("parsed:", n)

	_, err = strconv.Atoi("nope")
	fmt.Println("second err:", err)
}

$ go run .
parsed: 42
second err: strconv.Atoi: parsing "nope": invalid syntax

strconv.Atoi returns (int, error). On success the error is nil and the int is your value; on failure the error is non-nil and describes what went wrong. The if err != nil check right after the call is the single most common shape in Go — you’ll write it hundreds of times, and yes, it’s the thing people complain about. The trade is that failure is an ordinary value sitting in plain sight, not a control-flow jump you have to reason about separately. There’s nothing invisible: you can see every place a function can fail because the error is right there in its signature.

Two small notes from that snippet. The blank identifier _ in _, err = strconv.Atoi("nope") discards the int you don’t want — every return value must be accounted for, and _ is how you say “throw this one away.” And the second call uses = rather than := because err already exists; only a := with at least one new name on the left is allowed. Error handling itself — wrapping, sentinel errors, errors.Is — is a chapter of its own later; here the point is just the shape of the return.

Named return values

You can name a function’s return values in its signature. When you do, those names are declared as ordinary variables inside the function, pre-set to their zero values, and a bare return sends back whatever they currently hold:

package main

import "fmt"

// named returns: result and err are declared for you, zero-valued
func divide(a, b int) (result int, err error) {
	if b == 0 {
		err = fmt.Errorf("divide by zero")
		return // "naked" return: sends back current result, err
	}
	result = a / b
	return
}

func main() {
	r, err := divide(10, 2)
	fmt.Println(r, err)
	r, err = divide(10, 0)
	fmt.Println(r, err)
}

$ go run .
5 <nil>
0 divide by zero

Named returns can document intent — (result int, err error) tells the reader what comes back without a comment — and they pair usefully with defer when a deferred function needs to inspect or modify the return value (a trick we’ll use for error wrapping later). But the “naked” return with no operands gets unreadable fast in a long function, where you have to scroll up to learn what’s being returned. The working guidance: name returns when it genuinely aids clarity or when a defer needs to touch them, and keep the functions short enough that a bare return is still obvious. Don’t reach for them by default.

Variadic functions

A function can accept a variable number of trailing arguments by marking the last parameter with .... Inside the function that parameter is an ordinary slice:

package main

import "fmt"

func sum(nums ...int) int {
	total := 0
	for _, n := range nums {
		total += n
	}
	return total
}

func main() {
	fmt.Println(sum(1, 2, 3))
	fmt.Println(sum())

	xs := []int{4, 5, 6}
	fmt.Println(sum(xs...)) // spread a slice into a variadic call
}

$ go run .
6
0
15

Call sum(1, 2, 3) and nums is []int{1, 2, 3}; call sum() with nothing and nums is an empty (nil) slice, which ranges zero times and gives 0 — the useful zero value at work again. And when you already have a slice, sum(xs...) spreads it into the call rather than passing it as a single element. This is exactly how fmt.Println and friends accept any number of arguments.

Functions are values, and closures

Functions in Go are first-class: you can assign one to a variable, pass it as an argument, return it from another function, and store it in a struct. A function that captures variables from the scope where it was created is a closure, and the captured variables live on as long as the closure does:

package main

import "fmt"

// counter returns a function that closes over its own count
func counter() func() int {
	count := 0
	return func() int {
		count++
		return count
	}
}

func main() {
	next := counter()
	fmt.Println(next(), next(), next())

	other := counter() // independent state
	fmt.Println(other())
}

$ go run .
1 2 3
1

Each call to counter creates a fresh count, and the returned function keeps a live reference to that one — so next counts 1, 2, 3 while other, built from a separate call, starts its own count at 1. The count variable has escaped the function that declared it and now lives for as long as the closure holding it does; Go’s garbage collector tracks that automatically. Closures are how you write things like custom sort comparisons, middleware, and lazy generators without dragging in a class to hold one field of state.

defer: cleanup that runs on return

defer schedules a function call to run when the surrounding function returns — no matter how it returns, whether by reaching the end, an early return, or a panic unwinding through it. That last part is what makes it reliable: the cleanup happens on every exit path, so you write it once. Deferred calls run in last-in, first-out order:

package main

import "fmt"

func main() {
	fmt.Println("start")
	defer fmt.Println("deferred 1")
	defer fmt.Println("deferred 2")
	defer fmt.Println("deferred 3")
	fmt.Println("end")
}

$ go run .
start
end
deferred 3
deferred 2
deferred 1

start and end print during the normal flow; then, as main returns, the three deferred calls fire in reverse of the order they were registered — 3, 2, 1. LIFO is the right default for cleanup, because resources usually nest: if you open A then B, you want to close B then A, and stacking the defers gives you exactly that unwinding order for free.

Deferred arguments are evaluated now

Here’s the edge that surprises everyone once. When you write defer f(x), the arguments to f are evaluated at the moment the defer statement runs, not when the deferred call finally executes. Only the call itself is postponed:

package main

import "fmt"

func main() {
	i := 0
	defer fmt.Println("deferred sees i =", i) // argument evaluated NOW, at the defer
	i = 100
	fmt.Println("current i =", i)
}

$ go run .
current i = 100
deferred sees i = 0

The deferred Println prints 0, not 100, because i was 0 when the defer line executed and its value was captured right then. Change i afterward all you like; the deferred call already has its argument. (If you want the later value, defer a closure with no arguments — defer func() { fmt.Println(i) }() — and it reads i when it runs, giving 100. The difference between passing a value and closing over a variable is the whole story here.)

The Close idiom, and the loop pitfall

Where defer earns its keep is resource cleanup. Acquire something, then immediately defer its release, and the two lines sit next to each other so you can’t forget the second one — no matter what happens in between:

func writeStamp(path string) error {
	f, err := os.Create(path)
	if err != nil {
		return err
	}
	defer f.Close() // cleanup pinned right next to the acquire

	_, err = f.WriteString("stamped\n")
	return err
}

$ go run .
wrote "stamped\n"

Whether WriteString succeeds or the function returns early, f.Close() runs. Compared with hand-writing a close on every exit path, this is both shorter and more correct, and it’s why defer is everywhere in Go that touches a file, a lock, or a connection.

The one pitfall to know: defer is scoped to the function, not the block or the loop iteration. Defer inside a loop and nothing is released until the whole function returns:

func processAll(names []string) {
	for _, name := range names {
		fmt.Println("opening", name)
		defer fmt.Println("closing", name)
	}
	fmt.Println("loop done")
}

$ go run .
opening a
opening b
opening c
loop done
closing c
closing b
closing a

All three “opening” lines run, the loop finishes, and only then do the three “closing” defers fire. With print statements that’s just curious; with real file handles it means every file stays open until the function ends, and a long-running loop can exhaust the process’s file descriptors. The fix is to give each iteration its own function scope — pull the body into a helper, or wrap it in an immediately-called func() { ... }() — so the defer fires per iteration. When you defer inside a loop, pause and ask whether you meant “at the end of this iteration” rather than “at the end of the function.”

Final thoughts

Functions are Go’s core unit of work, and two of their traits set the tone for the language. Multiple return values put success and failure side by side, which is how Go does error handling without exceptions — visible, ordinary, checked at the call site. And defer gives you cleanup that runs on every exit path in LIFO order, with arguments captured at the defer line and a scope that is the whole function, not the loop. Name your returns only when they clarify, spread slices into variadics with ..., and reach for closures when you need a little live state without a type to hold it. Next we cover control flow — Go’s single loop keyword, its switch, and the small surprises in if and for.
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Control Flow: One Loop and a Switch With No Surprises


Control flow is where a language’s taste for minimalism shows most plainly, and Go’s is aggressive. There is exactly one loop keyword. There is no ternary operator. The switch does not fall through unless you beg it to. Each of these is a deliberate subtraction, and each has a reason rooted in the same goal the whole language serves: code you didn’t write should read the way you expect. This chapter walks the three constructs you steer a program with — for, if, and switch — and the handful of edges that catch people.

The single for

Most languages give you for, while, do-while, and often a foreach on top. Go gives you for, and for alone. That sounds impoverished until you see that the one keyword covers every case by varying which clauses you supply. One construct, four shapes, nothing new to learn for each.

Here they are together:

package main

import "fmt"

func main() {
	// Three-clause form.
	sum := 0
	for i := 1; i <= 5; i++ {
		sum += i
	}
	fmt.Println("sum 1..5:", sum)

	// Condition-only form (the "while").
	n := 1
	for n < 100 {
		n *= 2
	}
	fmt.Println("first power of two >= 100:", n)

	// Bare infinite loop with break.
	count := 0
	for {
		count++
		if count == 3 {
			break
		}
	}
	fmt.Println("broke at:", count)

	// for range over a slice.
	letters := []string{"a", "b", "c"}
	for i, s := range letters {
		fmt.Printf("index %d = %q\n", i, s)
	}
}

$ go run .
sum 1..5: 15
first power of two >= 100: 128
broke at: 3
index 0 = "a"
index 1 = "b"
index 2 = "c"

Four forms, one keyword. The three-clause form (init; condition; post) is the classic C-style counter. Drop the init and post and you have the condition-only form, which is Go’s while in all but name. Drop the condition too and you have the bare infinite loop, for {}, which you leave with break, return, or a panic. And for range iterates a collection, yielding an index and value.

range deserves a note because it works over more than slices: arrays, strings, maps, channels, and — since Go 1.22 — integers (for i := range 5) and, since 1.23, iterator functions. When you only want the value, drop the index with the blank identifier: for _, s := range letters. When you only want the index, take a single variable: for i := range letters. We lean on range constantly in the chapters ahead; here it’s enough to know it’s one of the four for shapes.

if, and the init statement

if looks ordinary — condition, block, optional else — with two things worth calling out. First, the condition has no parentheses and the braces are mandatory, even for a one-line body. There is no brace-less if, which removes a whole category of dangling-else and goto-fail bugs. Second, and more useful, an if can carry an init statement before its condition:

package main

import "fmt"

func main() {
	stock := map[string]int{"apple": 3, "pear": 0}

	// if with an init statement: v, ok scoped to the if/else.
	if qty, ok := stock["apple"]; ok {
		fmt.Println("apple in stock:", qty)
	} else {
		fmt.Println("no apple listed")
	}

	if qty, ok := stock["banana"]; ok {
		fmt.Println("banana in stock:", qty)
	} else {
		fmt.Println("banana not listed, ok =", ok, "qty =", qty)
	}

	// A fresh init for a different check:
	score := 82
	if grade := score / 10; grade >= 9 {
		fmt.Println("A")
	} else if grade >= 8 {
		fmt.Println("B")
	} else {
		fmt.Println("C or below")
	}
}

$ go run .
apple in stock: 3
banana not listed, ok = false qty = 0
B

The pattern if v, ok := m[k]; ok is one you will type a thousand times. The statement before the semicolon runs first, then the condition is evaluated, and the variables it declares are scoped to the if and its else and nowhere beyond. That scoping is the whole point: qty and ok exist exactly where they’re relevant and can’t leak into the surrounding function to be misused later. The same init form appears on switch and for, so learn it once here.

There is no ternary operator in Go. No cond ? a : b. The language designers left it out on purpose, on the grounds that chained ternaries become unreadable and that a three-line if/else is clearer to the next person. You will occasionally miss the terseness. You will more often be glad you never have to decode someone’s nested ? :. When you truly want an expression, a small helper or a plain if that assigns to a pre-declared variable does the job.

switch, without the footgun

C-family switch statements fall through from one case to the next unless you remember a break on every single one, and forgetting is a classic bug. Go inverts the default: each case stands alone, and control leaves the switch when the case finishes. No break needed, and no accidental fallthrough.

package main

import "fmt"

func classify(i any) string {
	// Type switch: preview of ch12.
	switch v := i.(type) {
	case int:
		return fmt.Sprintf("int %d", v)
	case string:
		return fmt.Sprintf("string %q", v)
	default:
		return fmt.Sprintf("other %T", v)
	}
}

func main() {
	// No implicit fallthrough: only the matched case runs.
	for _, day := range []string{"Sat", "Sun", "Mon"} {
		switch day {
		case "Sat", "Sun": // case list
			fmt.Println(day, "-> weekend")
		case "Mon":
			fmt.Println(day, "-> monday")
		default:
			fmt.Println(day, "-> weekday")
		}
	}

	// Expression-less switch as a clean if-else chain.
	score := 72
	switch {
	case score >= 90:
		fmt.Println("A")
	case score >= 70:
		fmt.Println("B")
	default:
		fmt.Println("C")
	}

	// Type switch.
	fmt.Println(classify(7))
	fmt.Println(classify("hi"))
	fmt.Println(classify(3.14))
}

$ go run .
Sat -> weekend
Sun -> weekend
Mon -> monday
B
int 7
string "hi"
other float64

Three things are on display. A case list (case "Sat", "Sun":) matches any of several values, which is how you group cases without falling through. The expression-less switch — switch { with no value after it — treats each case as a boolean condition and runs the first true one, giving you a clean if-else-if ladder that reads top to bottom. And the type switch (switch v := i.(type)) branches on the dynamic type of an interface value, binding v to that type inside each case. We give the type switch its full treatment in the interfaces chapter; here it’s a preview so the syntax isn’t a stranger when it returns.

If you genuinely want fallthrough, Go makes you ask for it with the fallthrough keyword, and even then it’s unconditional — it jumps to the next case’s body without re-checking that case’s condition. It’s rare enough that seeing one should make you look twice. Here’s proof that nothing falls through on its own:

package main

import "fmt"

func main() {
	// Explicit fallthrough, to prove the default is NOT to fall through.
	switch 2 {
	case 1:
		fmt.Println("one")
	case 2:
		fmt.Println("two")
		fallthrough
	case 3:
		fmt.Println("three (reached only via fallthrough)")
	case 4:
		fmt.Println("four (NOT reached)")
	}
}

$ go run .
two
three (reached only via fallthrough)

Case 2 ran, fallthrough forced entry into case 3, and there control stopped — case 4 did not run, because fallthrough only carries you forward one case, not to the end. Without that one keyword, matching 2 would have printed two and nothing else. That’s the default you get everywhere you don’t type fallthrough.

break, continue, labels, and the goto nobody uses

Inside loops, break leaves the innermost loop and continue skips to its next iteration, both as you’d expect. The wrinkle is nested loops: a plain break only escapes one level. When you need to break out of an outer loop from inside an inner one, Go uses labels:

outer:
	for _, row := range grid {
		for _, cell := range row {
			if cell == target {
				break outer // leaves both loops
			}
		}
	}

The label sits before the loop, and break outer (or continue outer) names which loop to act on. It’s the clean alternative to a found boolean threaded through both loops. Labels also work with continue.

Go does have a goto statement, and it can jump to a label within the same function. It exists, it’s occasionally the clearest way to bail out of deeply nested error handling in generated code, and in day-to-day Go you will essentially never write one. Mention it here so you recognize it, then forget it. The structured forms cover everything real code needs.

Final thoughts

Go’s control flow is small on purpose. One for keyword bends into a counter, a while, an infinite loop, and a range iterator. if and switch both take an init statement that scopes a variable to exactly the block that needs it, and the if v, ok := m[k]; ok shape from that idea is everyday Go. switch never falls through unless you write fallthrough, its expression-less form is a tidy if-else ladder, and its type-switch form previews how you’ll branch on interface types later. There’s no ternary, and there’s a goto you’ll never use. None of it is much to memorize, which is the point: the constructs get out of the way so the logic reads plainly.
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Slices: The Three-Word Header That Explains Everything


Slices are the single most misunderstood thing in Go, and nearly every slice bug comes from the same missing picture: a slice is not a container, it’s a view onto one. Get that picture right — three fields, one of which points at memory you might be sharing — and the surprising behaviors turn into consequences you can predict. This chapter builds the picture and then runs the surprises, because the only way this really clicks is watching it happen.

Arrays: fixed-size values

Before slices, the thing they’re a view onto. An array has a length fixed at compile time, baked into its type, and it is a value: assigning it, or passing it to a function, copies the whole thing.

package main

import "fmt"

func main() {
	// Arrays are values. Assignment COPIES the whole array.
	a := [3]int{1, 2, 3}
	b := a // full copy
	b[0] = 99

	fmt.Println("a:", a) // unchanged
	fmt.Println("b:", b)

	// Length is part of the type: [3]int and [4]int are different types.
	fmt.Printf("type of a: %T\n", a)

	// A function receives a copy too.
	zero(a)
	fmt.Println("a after zero(a):", a)
}

func zero(arr [3]int) {
	for i := range arr {
		arr[i] = 0
	}
}

$ go run .
a: [1 2 3]
b: [99 2 3]
type of a: [3]int
a after zero(a): [1 2 3]

Writing b[0] = 99 left a untouched, and zero(a) zeroed a copy that vanished when the function returned. The length is part of the type — [3]int and [4]int are as distinct as int and string, and a function taking [3]int cannot be handed a [4]int. That rigidity is exactly why you rarely use arrays directly. They’re the fixed storage underneath; the thing you actually pass around is a slice.

The slice header: pointer, length, capacity

A slice is a small three-field struct — a header — that describes a stretch of some backing array:


	a pointer to the first element it can see,

	a length: how many elements it currently covers,

	a capacity: how many elements exist from its start to the end of the backing array.



That’s the whole model. The slice header is a value (copying a slice copies those three fields), but the pointer means every copy looks at the same underlying elements. Hold that thought; it’s the source of every aliasing surprise later.

You build a slice with a literal ([]int{1, 2, 3}), by slicing an array or another slice, or with make, which lets you set length and capacity separately:

package main

import "fmt"

func main() {
	// make([]T, len, cap): length 0, capacity 4.
	s := make([]int, 0, 4)
	fmt.Printf("start   len=%d cap=%d ptr=%p\n", len(s), cap(s), s)

	prev := cap(s)
	for i := 0; i < 10; i++ {
		s = append(s, i)
		if cap(s) != prev {
			fmt.Printf("grew at len=%d: cap %d -> %d ptr=%p\n", len(s), prev, cap(s), s)
			prev = cap(s)
		}
	}
	fmt.Println("final:", s)
}

$ go run .
start   len=0 cap=4 ptr=0x3615fc326100
grew at len=5: cap 4 -> 8 ptr=0x3615fc32a240
grew at len=9: cap 8 -> 16 ptr=0x3615fc39c080
final: [0 1 2 3 4 5 6 7 8 9]

This one run shows the whole life of append. We asked for capacity 4. The first four appends fit — length climbs, capacity and pointer stay put, so nothing prints. On the fifth append there’s no room, so Go allocates a new, larger backing array, copies the elements over, and returns a slice pointing at it. Watch the pointer: 0x...326100 to 0x...32a240 to 0x...39c080, a different address each time capacity grows. And capacity doubled, 4 to 8 to 16 — the common growth strategy for small slices, which amortizes the cost of copying so that appending N elements is O(N) overall, not O(N²).

Two lessons fall out of that. First, append may or may not reallocate, and you can’t tell by looking. Second — and this is why append’s signature returns a slice — you must assign the result back: s = append(s, x). If a reallocation happened, the old s header still points at the old, now-stale array. Forgetting the assignment is one of the first mistakes everyone makes.

Slice expressions and the aliasing gotcha

You can take a slice of a slice with s[i:j] — start at index i, run up to but not including j. The result is a new header over the same backing array. No copy happens. And that is where people get hurt, because two slices over one array are two windows onto shared memory: write through one, and the other sees it.

package main

import "fmt"

func main() {
	base := []int{0, 1, 2, 3, 4, 5}

	// Two slices over the SAME backing array.
	left := base[0:3]  // {0,1,2}
	right := base[2:5] // {2,3,4}  -- index 2 is shared

	fmt.Println("left: ", left)
	fmt.Println("right:", right)

	// Write through one, see it through the other AND through base.
	left[2] = 99
	fmt.Println("after left[2]=99")
	fmt.Println("left: ", left)
	fmt.Println("right:", right) // right[0] changed too
	fmt.Println("base: ", base)

	// append can also stomp the shared array when capacity allows.
	small := base[0:2]         // len 2, cap 6 (shares base)
	small = append(small, 777) // writes into base[2]!
	fmt.Println("after append to small")
	fmt.Println("small:", small)
	fmt.Println("base: ", base)
}

$ go run .
left:  [0 1 2]
right: [2 3 4]
after left[2]=99
left:  [0 1 99]
right: [99 3 4]
base:  [0 1 99 3 4 5]

Read the output slowly. left covers indices 0–2 of base and right covers 2–4, so they overlap at index 2. Writing left[2] = 99 changes that one element of the backing array, and it shows up three ways at once: as left[2], as right[0] (same physical slot), and as base[2]. Nobody copied anything; there is only one 99 in memory, seen through three windows.

The append case is subtler and nastier. small := base[0:2] has length 2 but capacity 6, because it can see all the way to the end of base. So append(small, 777) has room without reallocating, and it writes 777 into base[2] — clobbering data that logically belonged to base, left, and right. This is the classic slice bug: you append to a slice you carved out of a larger one, and silently corrupt the parent. The fix, when you need independence, is to force a copy.

copy, and the full-slice expression

When you want a slice that does not share memory, copy gives you one. It copies element-by-element into a destination you already sized, and returns how many it moved (the minimum of the two lengths):

package main

import "fmt"

func main() {
	// copy: independent backing arrays, no aliasing.
	src := []int{1, 2, 3}
	dst := make([]int, len(src))
	n := copy(dst, src)
	dst[0] = 99
	fmt.Printf("copied %d elements\n", n)
	fmt.Println("src:", src) // unchanged
	fmt.Println("dst:", dst)

	// The nil slice: usable as-is.
	var s []int
	fmt.Printf("nil slice: len=%d cap=%d nil?=%t\n", len(s), cap(s), s == nil)
	s = append(s, 1, 2) // append to nil works
	fmt.Println("after append:", s, "nil?", s == nil)
}

$ go run .
copied 3 elements
src: [1 2 3]
dst: [99 2 3]
nil slice: len=0 cap=0 nil?=true
after append: [1 2] nil? false

dst now has its own backing array, so dst[0] = 99 leaves src alone. When you carve a subslice you intend to append to independently, you can also cap it at the point of slicing with the full-slice expression base[i:j:k], where k sets the capacity boundary — set k == j and any append is forced to reallocate rather than reach into the parent. That’s the surgical fix for the aliasing bug above when a plain copy is more than you want.

The nil slice is a real slice

The output also shows something reassuring. A slice declared but never initialized is nil — its pointer is nil, length and capacity 0. Unlike a nil map (next chapter) or a nil pointer, a nil slice is fully usable: len and cap return 0, ranging over it iterates zero times, and append works on it, allocating a backing array on first use. So var s []T is the idiomatic way to start an empty, growable slice — you do not need make unless you want to preset a capacity. Note that after the first append, s is no longer nil; if you specifically care about the nil-versus-empty distinction (some JSON encoders do), test len(s) == 0 rather than s == nil.

Final thoughts

A slice is a three-word header — pointer, length, capacity — over a backing array that it may share with other slices. Arrays are fixed-size values that copy on assignment; slices are cheap views that don’t. append grows a slice, and when capacity runs out it silently allocates a fresh array and returns a new header, which is why you always write s = append(s, x). Two slices over one array alias each other, so a write through one is visible through the other, and an append with spare capacity can reach into a parent slice and corrupt it — the bug this chapter exists to inoculate you against. When you need isolation, copy or the three-index slice expression gives it to you. Once you’re reading a slice as a window rather than a box, the surprises stop being surprising.
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Maps: Comma-Ok, Random Order, and the Nil That Panics


A map is Go’s built-in hash table: an unordered collection of key-value pairs with average O(1) lookup, insertion, and deletion. The basics are unremarkable and you’ll pick them up in a paragraph. What’s worth your attention is the cluster of behaviors around the edges, because three of them — the comma-ok read, the deliberately randomized iteration order, and the nil-map write that panics — bite people who assumed a map worked like the dictionary in whatever language they came from. This chapter is mostly those edges, run so you can see them.

The basics, and comma-ok

You declare a map type as map[K]V, create one with make (or a literal), and index it with m[k]. The one twist is what happens when you read a key that isn’t there: instead of an error or an exception, you get the zero value of the value type. m["missing"] on a map[string]int returns 0, cleanly and silently.

That’s convenient, and it’s also a trap: 0 might be a real stored value or it might mean “absent,” and a bare read can’t tell you which. So map indexing has a two-value form, the comma-ok idiom, whose second result is a boolean that’s true only if the key was actually present.

package main

import "fmt"

func main() {
	// map[K]V via make (or a literal).
	inventory := make(map[string]int)
	inventory["apples"] = 3
	inventory["pears"] = 7

	// Reading a missing key returns the zero value, no error.
	fmt.Println("bananas:", inventory["bananas"]) // 0

	// comma-ok distinguishes "present and zero" from "absent".
	if v, ok := inventory["apples"]; ok {
		fmt.Println("apples present, qty", v)
	}
	if v, ok := inventory["bananas"]; !ok {
		fmt.Println("bananas absent, zero value was", v)
	}

	// delete removes a key (no-op if absent).
	delete(inventory, "pears")
	fmt.Println("len after delete:", len(inventory))
}

$ go run .
bananas: 0
apples present, qty 3
bananas absent, zero value was 0
len after delete: 1

The if v, ok := m[k]; ok shape is the if-with-init statement from the control-flow chapter, and it’s the canonical way to probe a map: ok tells you presence, v gives you the value in the same breath, and both are scoped to the if. Use it whenever “absent” and “present but zero” mean different things — which, for anything that can legitimately hold a zero, is most of the time. Deletion is the built-in delete(m, k), which quietly does nothing if the key is already gone, so you never guard it with a presence check.

Iteration order is randomized on purpose

Here’s the edge that surprises people the most. When you range over a map, the order is not defined, and Go actively randomizes it — the runtime picks a fresh starting point on each iteration. This is not “unspecified but stable in practice.” The order is genuinely randomized, so it varies run to run, and two loops over the same untouched map in the same program will often come out in different orders:

package main

import "fmt"

func main() {
	m := map[string]int{"a": 1, "b": 2, "c": 3, "d": 4, "e": 5}

	fmt.Print("pass 1: ")
	for k := range m {
		fmt.Print(k, " ")
	}
	fmt.Println()

	fmt.Print("pass 2: ")
	for k := range m {
		fmt.Print(k, " ")
	}
	fmt.Println()
}

$ go run .
pass 1: e a b c d 
pass 2: b c d e a 

Same map, two loops, and here they came out in different orders in a single run. Because each range is randomized independently, two passes usually diverge like this — though on a map this small they’ll occasionally coincide, which is exactly why you must never treat either outcome as something to rely on. This was a deliberate design decision. Early Go had a stable-ish order, and people wrote code that quietly depended on it; the team then randomized iteration precisely to break that dependency loudly and early, rather than letting it fail mysteriously when the map implementation changed. The lesson is blunt: never rely on map order for anything. When you need a stable order, pull the keys into a slice and sort it — keys := make([]string, 0, len(m)), append each key, sort.Strings(keys), then range the slice. That extra step is the price of a hash table, and it’s cheap.

Maps are references

A map value is a small header holding a pointer to the runtime’s hash-table structure. So when you assign a map to another variable or pass it to a function, you copy that header — but both copies point at the same underlying table. Mutations through one are visible through the other, no pointer or return value required:

package main

import "fmt"

// The map value is copied into the parameter, but that copy points at the
// same underlying data — so mutations are visible to the caller.
func addOne(m map[string]int) {
	m["count"]++
}

func main() {
	m := map[string]int{"count": 0}
	addOne(m)
	addOne(m)
	fmt.Println("count after two calls:", m["count"])
}

$ go run .
count after two calls: 2

addOne took the map by value, incremented a key, and the change stuck in the caller — both times. This is the same reference-like behavior slices have through their shared backing array, and it’s usually what you want: passing a big map around is cheap, and functions that mutate maps do so in place. The flip side is that it’s a shared mutable structure, so if two goroutines touch one concurrently you need a lock (a concurrent map write is a runtime fault, not something the race detector alone will always save you from). Concurrency is a later series; for now, just know that “passing a map makes a copy” is true only of the header, not the contents.

The nil map: reads fine, writes panic

A map’s zero value is nil. Like a nil slice, a nil map is safe to read — indexing returns the zero value, comma-ok returns ok == false, len is 0, and ranging does nothing. Unlike a nil slice, though, writing to a nil map panics at runtime:

package main

import "fmt"

func main() {
	var m map[string]int // nil map, never made

	// Reading a nil map is fine: zero value, ok=false.
	fmt.Println("read from nil:", m["x"])
	_, ok := m["x"]
	fmt.Println("ok:", ok, "len:", len(m))

	// Writing to a nil map panics.
	defer func() {
		if r := recover(); r != nil {
			fmt.Println("recovered:", r)
		}
	}()
	m["x"] = 1 // panic
	fmt.Println("never reached")
}

$ go run .
read from nil: 0
ok: false len: 0
recovered: assignment to entry in nil map

The reads all worked; the write blew up with assignment to entry in nil map, and only the deferred recover kept the program from crashing outright. This differs from slices, where append happily grows a nil slice — a nil map has no table to write into, and unlike append, a map assignment can’t return a new map to reassign, so there’s nowhere to lazily allocate one. The practical rule: make your map, or use a literal, before you write to it. The bug usually hides inside a struct — a field of map type is nil until you initialize it, so s.cache["k"] = v panics if nobody ran s.cache = make(...) first. When you see that panic message, you forgot a make.

Valid keys, and the set idiom

A map key can be any comparable type — one that supports ==. That covers booleans, numbers, strings, pointers, channels, interfaces, and structs or arrays built entirely from comparable fields. It rules out slices, maps, and functions, which are not comparable; try to use one as a key and the compiler stops you. Structs as keys are genuinely handy: a map[Point]string keyed on a two-int struct is perfectly legal and often cleaner than concatenating fields into a string.

That comparability rule powers the idiomatic set. Go has no built-in set type, so you build one from a map whose keys are your elements and whose values carry no information. The idiomatic value type is the empty struct, struct{}, because it occupies zero bytes — you’re paying only for the keys:

package main

import (
	"fmt"
	"unsafe"
)

func main() {
	// A set: map[T]struct{}. struct{} is zero-width, so values cost nothing.
	seen := make(map[string]struct{})
	words := []string{"go", "is", "fun", "go", "is", "go"}

	var unique []string
	for _, w := range words {
		if _, ok := seen[w]; !ok {
			seen[w] = struct{}{} // the empty struct value
			unique = append(unique, w)
		}
	}

	fmt.Println("unique, first-seen order:", unique)
	fmt.Println("set size:", len(seen))

	// Size of the value type: zero bytes.
	fmt.Printf("sizeof struct{}: %d bytes\n", unsafe.Sizeof(struct{}{}))
}

$ go run .
unique, first-seen order: [go is fun]
set size: 3
sizeof struct{}: 0 bytes

The pattern is map[T]struct{}, membership is a comma-ok read (_, ok := seen[w]), and adding an element is seen[w] = struct{}{} — that second {} is the empty struct’s one and only value. unsafe.Sizeof confirms it: the value type is genuinely zero bytes, so the set costs the same as the keys alone would. Some people use map[T]bool instead, which is a hair more readable (seen[w] = true) at the cost of a byte per entry and a slightly weaker signal — bool invites the question “what does false mean here?” that struct{} never raises. Both are common; struct{} is the one that says “this is a set, the value is nothing” out loud.

Final thoughts

Maps are map[K]V, made with make or a literal, read with m[k] or the comma-ok form that tells absent from zero. Their iteration order is randomized by design, so anything order-dependent needs a sorted slice of keys. They carry reference semantics — pass one to a function and mutations stick — so they’re cheap to share and dangerous to share across goroutines. Reading a nil map is fine but writing to one panics, which means make before you write, especially for map fields buried in structs. Keys must be comparable, which both restricts what you can key on and enables the map[T]struct{} set idiom where the zero-width empty struct makes the values free. Learn the edges and maps hold no more surprises.
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Strings, Bytes, and Runes: Text Without the Lies


Most languages let you pretend a string is a list of characters. Go does not, and the honesty is worth the small upfront cost. A Go string is an immutable sequence of bytes, and by strong convention those bytes are UTF-8. That single fact explains every surprise in this chapter: why len counts more than you expect, why indexing hands you a number, and why iterating a string has two completely different behaviors depending on how you write the loop.

If you only ever touch ASCII, you can coast for a while. The moment a name has an accent or your input arrives in Japanese, the difference between a byte and a character stops being academic. So let’s make it concrete, with real output at every step.

A string is bytes, and it is immutable

Two properties define the type. First, immutable: once you have a string, you cannot change a byte of it. s[0] = 'H' does not compile. Operations that “modify” a string actually build a new one, which matters for performance later in this chapter. Second, a byte sequence: the underlying data is raw bytes, and Go makes no promise on its own that they mean anything. The convention that string literals in your source are UTF-8 is what makes text work, but the type itself is bytes.

This is a deliberate design. Go’s authors wanted strings that were cheap to pass around (a string is a small header pointing at read-only bytes, so copying one is copying a pointer and a length), safe to share across goroutines without locking (immutability guarantees it), and honest about encoding rather than hiding it behind a “character” abstraction that leaks the moment you leave ASCII. The tradeoff is that you have to know whether you want bytes or characters, because Go will not guess.

len is a byte count, and indexing gives a byte

Here is the first thing that trips people. len(s) returns the number of bytes, not the number of characters. And s[i] returns the byte at that position, typed as uint8 (Go’s byte is an alias for uint8), not a character.

package main

import (
	"fmt"
	"unicode/utf8"
)

func main() {
	s := "héllo"
	fmt.Printf("string:      %q\n", s)
	fmt.Printf("len(s):      %d\n", len(s))
	fmt.Printf("rune count:  %d\n", utf8.RuneCountInString(s))

	jp := "日本語"
	fmt.Printf("string:      %q\n", jp)
	fmt.Printf("len(s):      %d\n", len(jp))
	fmt.Printf("rune count:  %d\n", utf8.RuneCountInString(jp))

	b := s[1]
	fmt.Printf("s[1] type:   %T\n", b)
	fmt.Printf("s[1] value:  %d\n", b)
}

$ go run .
string:      "héllo"
len(s):      6
rune count:  5
string:      "日本語"
len(s):      9
rune count:  3
s[1] type:   uint8
s[1] value:  195

Read those numbers carefully. "héllo" looks like five characters, and len reports 6, because the é is encoded as two bytes in UTF-8. "日本語" is three characters and reports a len of 9, three bytes each. And s[1] is not 'é'; it is the byte 195, which is only the first half of the two-byte sequence that encodes é. Indexing a string never gives you back a character unless every character happens to be ASCII.

utf8.RuneCountInString, from the standard library’s unicode/utf8 package, is how you count actual characters. Reach for it whenever “how long is this text” means characters rather than storage bytes.

Runes: the character type

Go’s name for a Unicode code point is rune, and it is an alias for int32. A rune holds one code point (the number Unicode assigns to a character), which is why it needs 32 bits: code points run well past what a byte can hold. When you write a character literal like 'é', its type is rune.

So a string has two natural granularities. As bytes, it is however many bytes UTF-8 needed. As runes, it is the sequence of code points those bytes encode. The confusion in most codebases comes from conflating the two. Keep them separate in your head and the rest falls out cleanly.

range iterates runes, with byte offsets

Now the payoff. A for i := 0; i < len(s); i++ loop walks bytes. But for i, r := range s walks runes — and it hands you two things: the byte offset i where the rune starts, and the rune r itself, already decoded. This is the loop you almost always want for text.

package main

import "fmt"

func main() {
	s := "héllo"

	fmt.Println("by byte index:")
	for i := 0; i < len(s); i++ {
		fmt.Printf("  %d: %d\n", i, s[i])
	}

	fmt.Println("by range (runes with byte offsets):")
	for i, r := range s {
		fmt.Printf("  offset %d: %q (code point %d, type %T)\n", i, r, r, r)
	}
}

$ go run .
by byte index:
  0: 104
  1: 195
  2: 169
  3: 108
  4: 108
  5: 111
by range (runes with byte offsets):
  offset 0: 'h' (code point 104, type int32)
  offset 1: 'é' (code point 233, type int32)
  offset 3: 'l' (code point 108, type int32)
  offset 4: 'l' (code point 108, type int32)
  offset 5: 'o' (code point 111, type int32)

Two details reward a close look. The byte loop shows six entries, including the raw pair 195 169 that together encode é. The range loop shows five, one per character, with é correctly decoded to code point 233 and typed int32 (that is, rune). And the offsets skip from 1 to 3: because é occupied bytes 1 and 2, the next rune l starts at byte offset 3. The index range gives you is a position in the byte sequence, not a character count. That is exactly what you want when you need to slice back into the original string, and exactly what surprises you if you assumed it counted characters.

Converting: []byte and []rune

When you genuinely need indexable characters, convert the string to a []rune. When you need raw mutable bytes, convert to []byte. Both conversions copy (a string is immutable, so the slice cannot alias it), and both round-trip back to a string.

package main

import "fmt"

func main() {
	s := "héllo"

	bs := []byte(s)
	rs := []rune(s)

	fmt.Printf("[]byte: %v (len %d)\n", bs, len(bs))
	fmt.Printf("[]rune: %v (len %d)\n", rs, len(rs))
	fmt.Printf("rs[1]:  %q\n", rs[1])
	fmt.Printf("string([]byte): %q\n", string(bs))
	fmt.Printf("string([]rune): %q\n", string(rs))
	fmt.Printf("string(rune 0x4e16): %q\n", string(rune(0x4e16)))
}

$ go run .
[]byte: [104 195 169 108 108 111] (len 6)
[]rune: [104 233 108 108 111] (len 5)
rs[1]:  'é'
string([]byte): "héllo"
string([]rune): "héllo"
string(rune 0x4e16): "世"

Now rs[1] is the character é, because a []rune is indexed by code point. The []byte has length 6 and the []rune has length 5, the same split we saw with len versus RuneCountInString. And a lone rune converts straight to its UTF-8 encoding as a string, which is how string(rune(0x4e16)) produces 世. One warning that catches everyone once: string(someInt) does not format the number as text, it interprets the integer as a code point. Use strconv.Itoa or fmt.Sprintf to turn a number into its digits.

Building strings: don’t += in a loop

Because strings are immutable, s += piece cannot append in place. It allocates a brand-new string every iteration and copies everything accumulated so far into it. Do that in a loop over n pieces and you have quadratic work and a trail of garbage. For a handful of concatenations it does not matter. In a loop, it does.

The idiomatic fix is strings.Builder, which holds a growable byte buffer and hands you a string at the end with no extra copy. It implements io.Writer, so fmt.Fprintf can write straight into it.

package main

import (
	"fmt"
	"strings"
)

func main() {
	var b strings.Builder
	for i := 0; i < 5; i++ {
		fmt.Fprintf(&b, "line %d\n", i)
	}
	out := b.String()
	fmt.Print(out)
	fmt.Printf("built %d bytes\n", b.Len())
}

$ go run .
line 0
line 1
line 2
line 3
line 4
built 35 bytes

The zero value of a strings.Builder is ready to use — no constructor, in keeping with the pattern you saw for other types. You append with WriteString, WriteByte, WriteRune, or by writing through fmt.Fprintf as above, and call String() once at the end. If you know the rough size in advance, b.Grow(n) preallocates so the buffer never has to resize. For joining a slice of strings with a separator, strings.Join is even simpler and does the same single-allocation trick.

Two kinds of string literal: interpreted and raw

Everything so far used the ordinary double-quoted form, "...". Go calls this an interpreted string literal: backslash escapes are processed, so \n becomes a newline and \t a tab, and the literal cannot span source lines. There’s a second form, the raw string literal, written between backticks `...`. Inside backticks nothing is an escape — \n is a literal backslash followed by an n — and the literal may run across multiple lines, with the newlines becoming part of the string.

package main

import "fmt"

func main() {
	interpreted := "line one\nline two\ttabbed"
	raw := `line one\nline two\ttabbed
still the same string`

	fmt.Println("interpreted:")
	fmt.Println(interpreted)
	fmt.Println("raw:")
	fmt.Println(raw)

	// A struct tag is itself a raw string literal.
	fmt.Printf("%q\n", `json:"name"`)
}

$ go run .
interpreted:
line one
line two	tabbed
raw:
line one\nline two\ttabbed
still the same string
"json:\"name\""

The interpreted string turned \n and \t into a real newline and tab. The raw string left them as the four literal characters you typed, and its own line break carried through into the output. That makes raw strings the natural choice for anything where backslashes are content rather than escapes — Windows paths, regular expressions, JSON blobs, or multi-line templates — none of which you want to double-escape. It’s also the same syntax struct tags use, those `json:"name"` annotations you’ll meet in the next chapter: a struct tag is a raw string literal precisely so the quotes inside it don’t need escaping. Both forms produce an ordinary string once compiled; the only difference is how the source text is read. And when you want to transform strings — case, trimming, splitting, number parsing — the standard library’s strings, strconv, and unicode packages are where those tools live.

What to carry forward

A Go string is immutable UTF-8 bytes. len and indexing work in bytes; range and []rune work in characters (runes, which are int32 code points). When you want the character count, use utf8.RuneCountInString; when you want to index characters, convert to []rune; when you want to build text in a loop, use strings.Builder rather than +=. None of this is Go being awkward for its own sake. It is Go refusing to hide the difference between storage and meaning, so that your code behaves the same whether the input is hello or 日本語.
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Structs and Composition: Building Up, Not Down


A struct is a typed collection of fields grouped under one name. That is the whole idea, and it is deliberately humble. Go has no classes, so the struct is where your data lives, and everything else you might expect from a class — methods, “inheritance”, polymorphism — is layered on separately and, as we will see, differently. This chapter is about the data half: how you define a struct, the literal forms, the zero value that lets you skip constructors, when two structs are equal, and the mechanism Go uses instead of inheritance.

Defining and building a struct

You declare a struct type with type and a list of fields, each a name and a type:

type Book struct {
	Title  string
	Author string
	Pages  int
}

There are two ways to write a literal value of that type, and the difference is worth a habit. A named-field literal lists field: value pairs; order does not matter and any field you leave out gets its zero value. A positional literal lists just the values, in declaration order, and must include every field.

package main

import "fmt"

type Book struct {
	Title  string
	Author string
	Pages  int
}

func main() {
	a := Book{Title: "The Go Programming Language", Author: "Donovan & Kernighan", Pages: 380}
	b := Book{"The Go Programming Language", "Donovan & Kernighan", 380}
	var z Book

	fmt.Printf("a: %+v\n", a)
	fmt.Printf("b: %+v\n", b)
	fmt.Printf("z: %+v\n", z)
	fmt.Printf("z.Pages defaulted to %d\n", z.Pages)
}

$ go run .
a: {Title:The Go Programming Language Author:Donovan & Kernighan Pages:380}
b: {Title:The Go Programming Language Author:Donovan & Kernighan Pages:380}
z: {Title: Author: Pages:0}
z.Pages defaulted to 0

The %+v verb prints field names alongside values, which is the format you want when debugging structs. Prefer the named form in almost all real code. Positional literals break silently the day someone adds a field or reorders two, whereas named literals keep compiling and simply zero the new field. The positional form earns its keep only for tiny, stable types like a two-field point.

The zero-value struct is a real value

Notice var z Book above. We never assigned it anything, yet it is a complete, usable Book whose fields hold their zero values: empty strings and 0. This is not a null or an “uninitialized” object waiting to blow up. It is a genuine value, and building types so their zero value is immediately useful is one of the most Go idioms there is.

You saw this already with strings.Builder, whose zero value is a ready-to-use empty builder, and with bytes.Buffer and sync.Mutex, which work the same way. The payoff is that a great deal of Go code needs no constructor at all: you declare a variable and start using it. When a type does need setup, the convention is a function named NewBook returning a Book or *Book, but you reach for that only when the zero value would genuinely be invalid. Design your structs so that, wherever you can manage it, the zero value means something sensible.

Comparability: when == works

Structs are comparable with == as long as all of their fields are comparable. Two struct values are equal when every corresponding field is equal. This is a real, field-by-field comparison, not an identity check, and it is decided at compile time based on the field types.

package main

import "fmt"

type Point struct {
	X, Y int
}

func main() {
	p := Point{1, 2}
	q := Point{1, 2}
	r := Point{1, 3}

	fmt.Printf("p == q: %t\n", p == q)
	fmt.Printf("p == r: %t\n", p == r)

	seen := map[Point]bool{}
	seen[p] = true
	fmt.Printf("seen[q]: %t (q equals p)\n", seen[q])
}

$ go run .
p == q: true
p == r: false
seen[q]: true (q equals p)

p and q are separate values that compare equal because their fields match, and that equality is what lets a struct serve as a map key — seen[q] finds the entry stored under p. The caveat is the “all fields comparable” rule. Slices, maps, and functions are not comparable, so a struct containing any of them is not comparable either, and == on it will not compile. When you need to compare structs that hold such fields, reach for reflect.DeepEqual or write the comparison yourself.

Embedding: composition instead of inheritance

Here is where Go diverges sharply from class-based languages. To build a bigger type out of a smaller one, you embed it: you name a type inside a struct with no field name. The embedded type’s fields and methods are then promoted — you can reach them directly on the outer value, as if they were declared there.

package main

import "fmt"

type Engine struct {
	Horsepower int
}

func (e Engine) Start() string {
	return fmt.Sprintf("engine started (%d hp)", e.Horsepower)
}

type Car struct {
	Engine
	Brand string
}

func main() {
	c := Car{
		Engine: Engine{Horsepower: 250},
		Brand:  "Fiat",
	}

	fmt.Printf("c.Horsepower: %d\n", c.Horsepower)
	fmt.Printf("c.Start():    %s\n", c.Start())
	fmt.Printf("c.Engine.Horsepower: %d\n", c.Engine.Horsepower)
}

$ go run .
c.Horsepower: 250
c.Start():    engine started (250 hp)
c.Engine.Horsepower: 250

Car embeds Engine by writing just the type name. From then on c.Horsepower reaches the embedded field directly (promotion), and c.Start() calls the embedded method directly, even though Start is defined on Engine. The embedded value is still there under its type name too, so c.Engine.Horsepower reaches the same field the long way. Promotion is pure convenience; nothing is copied or hidden.

Now the crucial distinction: this is composition, not inheritance. A Car is not a subtype of Engine. There is no “is-a” relationship, no overriding in the object-oriented sense, and — the part that surprises people from a class background — you cannot pass a Car where an Engine is expected. Embedding gives Car the use of Engine’s fields and methods; it does not make Car an Engine. If a promoted method’s name clashes with one the outer type defines, the outer one wins and the inner one is simply not promoted, with no special “override” machinery involved.

This is the concrete meaning of the advice that Go favors composition over inheritance. You assemble behavior by embedding the pieces you want rather than deriving from a base class, and because there is no subtyping, you never inherit a tangle you did not ask for. Polymorphism, when you need it, comes from interfaces, which describe what a type can do rather than what it is — a separate mechanism we give its own chapter. Keep the two ideas apart: embedding shares implementation, interfaces express capability.

Anonymous structs and a first look at tags

Sometimes you want a struct value without bothering to name the type — a one-off shape for a local grouping or a test case. Go lets you write the struct type inline, an anonymous struct:

package main

import "fmt"

type User struct {
	Name  string `json:"name"`
	Email string `json:"email"`
}

func main() {
	pos := struct {
		Lat, Lng float64
	}{Lat: 51.5, Lng: -0.12}

	fmt.Printf("pos: %+v\n", pos)

	u := User{Name: "Ada", Email: "ada@example.com"}
	fmt.Printf("user: %+v\n", u)
}

$ go run .
pos: {Lat:51.5 Lng:-0.12}
user: {Name:Ada Email:ada@example.com}

The pos variable has a struct type that exists only at that spot. It is handy for throwaway groupings, and you will see it most in table-driven tests where each row is an anonymous struct.

The User type shows the other new thing: the backtick strings after each field, called struct tags. A tag is metadata attached to a field, ignored by the compiler but readable at runtime through reflection. The json:"name" tag tells the encoding/json package to use name as the key when it marshals or unmarshals that field. Other libraries define their own tag conventions for database columns, form fields, validation rules, and more. We give tags and JSON their full treatment in a later series, Building Real Things in Go; for now just recognize the syntax and know that it is how a struct field carries instructions to the libraries that process it.

What to carry forward

A struct groups fields under a type. Prefer named-field literals so your code survives field changes; lean on the zero value so you rarely need a constructor; and remember that == works structurally as long as every field is comparable, which is what lets structs be map keys. Embedding builds bigger types from smaller ones by promoting fields and methods, and it is composition — a Car uses an Engine, it is not one. That single choice, composition over inheritance, shapes how you model everything in Go.
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Methods: Behavior, and the Receiver You Pick Every Time


A method is a function with a receiver: an extra parameter, written before the method name, that says which type the method is attached to. That small syntactic move is all that separates a method from a plain function in Go. There is no class holding the method; it lives at package level like any function, with a receiver that binds it to a type. From that one design choice flow two things worth understanding well: methods can attach to any named type, not only structs, and every method forces one decision — value receiver or pointer receiver — that decides whether the method can change the thing it was called on.

Declaring a method

The receiver goes in parentheses before the method name. Here it is on a struct:

func (g Greeter) Hello() string {
	return "Hello, " + g.Name
}

(g Greeter) is the receiver: inside the method, g is the value the method was called on, of type Greeter. You call it with dot syntax, g.Hello(), exactly as you would expect. That is the entire syntax. What makes methods interesting is everything the receiver lets you do.

Methods attach to any named type

A method’s receiver does not have to be a struct. It can be any named type you define in the same package, including one whose underlying type is a primitive. This is how Go gives plain values behavior without wrapping them in an object. Define a named type over float64 and you can hang methods on it:

package main

import "fmt"

type Celsius float64

func (c Celsius) Fahrenheit() float64 {
	return float64(c)*9/5 + 32
}

func (c Celsius) String() string {
	return fmt.Sprintf("%.1f°C", float64(c))
}

func main() {
	t := Celsius(100)
	fmt.Printf("%s is %.1f°F\n", t, t.Fahrenheit())

	body := Celsius(37)
	fmt.Printf("%s is %.1f°F\n", body, body.Fahrenheit())
}

$ go run .
100.0°C is 212.0°F
37.0°C is 98.6°F

Celsius is just a float64 with a name, and now it has a Fahrenheit method and a String method. That String method is quietly special: any type with a String() string method satisfies the fmt.Stringer interface, and fmt calls it automatically when formatting the value — which is why printing t produces 100.0°C and not 100. The restriction is that you can only define methods on a type declared in your package; you cannot add a method to int or to a type from another package. If you want to extend such a type, you define a new named type over it, exactly as Celsius does over float64.

Value receivers versus pointer receivers

Now the decision you make on every method. A receiver is a parameter, and Go passes parameters by value — it copies them. So a value receiver gets a copy of the value the method was called on. Any change the method makes is a change to that copy, and it vanishes when the method returns. A pointer receiver, written *T, gets a pointer to the original, so changes it makes reach through to the real value and stick.

package main

import "fmt"

type Counter struct {
	n int
}

func (c Counter) IncValue() {
	c.n++
}

func (c *Counter) IncPointer() {
	c.n++
}

func main() {
	c := Counter{}

	c.IncValue()
	fmt.Printf("after IncValue():   n = %d\n", c.n)

	c.IncPointer()
	fmt.Printf("after IncPointer(): n = %d\n", c.n)
}

$ go run .
after IncValue():   n = 0
after IncPointer(): n = 1

There it is, in the output. IncValue has a value receiver, so it incremented a copy and the original c.n stayed 0. IncPointer has a pointer receiver, so it incremented the real c and the change stuck at 1. If a method needs to modify its receiver, it must use a pointer receiver. This is not a style preference; it is the difference between a method that works and one that silently does nothing, and it is one of the most common early mistakes in Go.

The auto-address convenience

Look again at c.IncPointer(). c is a Counter, a plain value, not a pointer, yet we called a pointer-receiver method on it directly without writing (&c).IncPointer(). Go did that for us. When you call a pointer-receiver method on an addressable value, the compiler automatically takes its address. Symmetrically, when you call a value-receiver method through a pointer, Go automatically dereferences. The two forms read the same at the call site.

package main

import "fmt"

type Counter struct {
	n int
}

func (c *Counter) Inc() { c.n++ }

func main() {
	c := Counter{}
	c.Inc()
	c.Inc()
	fmt.Printf("value call:   n = %d\n", c.n)

	p := &Counter{}
	p.Inc()
	fmt.Printf("pointer call: n = %d\n", p.n)
}

$ go run .
value call:   n = 2
pointer call: n = 1

Both c.Inc() (on a value) and p.Inc() (on a pointer) call the same pointer-receiver method and both mutate correctly, because Go inserts the & or * as needed. The word doing the work is addressable. A local variable is addressable, so c.Inc() is fine. But a value with no address — a map element, or a value returned straight from a function call — is not addressable, and calling a pointer-receiver method on it will not compile. In practice you hold values in variables before mutating them, so this rarely bites, but when the compiler complains that it “cannot take the address” of something, this is why.

The consistency rule

Given the choice, the strong convention is: do not mix receiver kinds on a single type. If any method on a type needs a pointer receiver — because it mutates, or because you want to avoid copying a large struct — then give all of that type’s methods pointer receivers, even the ones that could get away with a value receiver. The reason is uniformity for callers and, more concretely, interface satisfaction: the set of methods a value carries versus the set a pointer carries can differ, and mixing receivers is the way to end up with a type that satisfies an interface as a *T but not as a T. Picking one receiver kind per type sidesteps the whole class of confusion.

So when should that one kind be a pointer? Three cases cover almost everything:


	The method mutates the receiver. A pointer is mandatory, as the counter showed.

	The struct is large. A value receiver copies the whole struct on every call. For anything beyond a few small fields, a pointer avoids the copy.

	Consistency. If some methods already need pointers, the rest take pointers too.



When none of those apply — a small, immutable value type like Celsius or Point — value receivers are clean and idiomatic. A useful default when you are unsure: reach for pointer receivers, since most types eventually grow a method that mutates, and consistency then pulls the rest along.

Method values and method expressions

Two smaller features round this out, both occasionally useful. A method value is a method accessed on a specific value but not called — you get a function bound to that receiver, which you can pass around and call later with no receiver argument. A method expression goes the other way: accessed on the type, it gives you an unbound function that takes the receiver as its explicit first argument.

package main

import "fmt"

type Greeter struct {
	Name string
}

func (g Greeter) Hello() string {
	return "Hello, " + g.Name
}

func main() {
	g := Greeter{Name: "Ada"}

	f := g.Hello
	fmt.Println(f())

	h := Greeter.Hello
	fmt.Println(h(Greeter{Name: "Grace"}))
}

$ go run .
Hello, Ada
Hello, Grace

f := g.Hello captured g as the receiver, so f() greets Ada with no argument. h := Greeter.Hello captured nothing, so h is a func(Greeter) string and you hand it the receiver explicitly. You will not write these every day, but method values are genuinely handy when you need to pass a bound method as a callback, and it is worth recognizing the syntax when you see it.

What to carry forward

A method is a function with a receiver, and the receiver can be any named type in your package, not just a struct. The decision you make on every method is value or pointer: a value receiver works on a copy so mutations do not stick, while a pointer receiver reaches the original. Follow the consistency rule and use one receiver kind per type, leaning toward pointers whenever a type mutates or grows large. Go’s automatic addressing makes the call sites read the same either way, so the receiver choice stays a matter of behavior rather than syntax.
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Pointers: Addresses Without the Footguns


A pointer is a value that holds the address of another value. That’s the whole idea. Instead of carrying a copy of some data around, you carry a small number that says “the data lives there,” and anyone holding that number can go read or write the original.

If you’ve met pointers in C, put half of what you know aside. Go has pointers, and they do the fundamental job you’d expect, but they deliberately drop the sharp parts: there is no pointer arithmetic, the garbage collector keeps track of what’s still reachable, and a pointer that points nowhere is caught at runtime instead of silently corrupting memory. This chapter is about what remains, which is exactly the useful part.

What a pointer is, and the two operators

Every value your program creates lives somewhere in memory, and that somewhere has an address. Two operators let you work with addresses:


	&x — the address-of operator. It gives you a pointer to x.

	*p — the dereference operator. It gives you the value that p points at, and you can read or assign through it.



The type of a pointer to an int is written *int, a pointer to a Book is *Book, and so on. The * in a type name and the * in an expression are the same symbol doing related jobs: *int is “pointer to int,” and *p is “the int that pointer points at.”

package main

import "fmt"

func main() {
	x := 42
	p := &x // p is *int, holds the address of x

	fmt.Println("x       =", x)
	fmt.Println("p       =", p != nil) // an address prints as 0x..., so just show it's set
	fmt.Println("*p      =", *p)       // dereference: read through the pointer

	*p = 100 // write through the pointer
	fmt.Println("x after =", x)

	// new(T) allocates a zeroed T and returns a *T
	q := new(int)
	fmt.Println("*q      =", *q) // zero value
	*q = 7
	fmt.Println("*q      =", *q)
}

x       = 42
p       = true
*p      = 42
x after = 100
*q      = 0
*q      = 7

The line that matters is *p = 100. We never touched x by name, yet x changed, because p pointed at it and we wrote through it. That is the entire reason pointers exist: shared access to one piece of data.

No pointer arithmetic, on purpose

In C you can take a pointer and add to it to walk through memory, p+1, p+2, stepping past the end of an array into whatever happens to be next. That flexibility is also the source of a large fraction of security bugs ever written. Go removes it. You cannot add to a pointer, subtract two pointers, or cast an integer into one in ordinary code. A *int points at exactly one int, forever, or it’s nil.

Two things depend on this restriction. The garbage collector can only reclaim memory safely if it always knows which pointers are live and what they point at; arbitrary arithmetic would make that impossible. And memory safety — no buffer overruns by pointer walking — falls out for free. When you need to iterate over a block of values you use a slice, which carries its own bounds and is checked on every access. The escape hatch exists (unsafe.Pointer), but it’s a specialist tool that shouts its own name, not something you reach for by accident.

new(T) versus &T{}

There are two ways to get a pointer to freshly allocated storage, and both appear above and below.

new(T) allocates a zeroed T and returns a *T. You saw new(int) produce a *int pointing at 0. It works for any type but gives you no way to set fields, so in practice you mostly see it for basic types.

&T{} takes the address of a composite literal, and it’s what Go programmers actually write for structs, because you can fill fields in the same breath:

b := &Book{Title: "The Go Programming Language", Price: 39.99}

&Book{} and new(Book) produce the same thing, a *Book to a zeroed struct, but only the literal form lets you initialize. Reach for &T{...} almost always; new is a niche convenience.

The nil pointer, and the panic it causes

A pointer’s zero value is nil: it points at nothing. Since Go has no uninitialized memory, a *int you declare without assigning is nil, not garbage. Reading through a nil pointer is a bug the runtime catches, and it catches it by panicking — stopping the goroutine with a diagnostic rather than reading address zero.

package main

import "fmt"

func main() {
	var p *int // declared but not pointed anywhere: the zero value is nil
	fmt.Println("p == nil:", p == nil)
	fmt.Println("about to dereference...")
	fmt.Println(*p) // panic: runtime error: invalid memory address or nil pointer dereference
}

p == nil: true
about to dereference...
panic: runtime error: invalid memory address or nil pointer dereference
[signal SIGSEGV: segmentation violation code=0x1 addr=0x0 pc=0xb38c7a5]

goroutine 1 [running]:
main.main()
	/Users/.../main.go:9 +0xa5
exit status 2

That’s a real panic, captured from the run. The lesson is not “pointers are dangerous” but “a nil dereference fails loudly and immediately,” with a stack trace pointing at the exact line, instead of corrupting something three functions away. When a function can return a pointer that might be nil, check it before you dereference — the same discipline you’ll apply to errors in the next chapter.

Pointers to structs: automatic dereference

Here’s a convenience that makes pointers pleasant to use in Go. When you have a pointer to a struct, you access its fields with . directly. You do not write (*b).Field; the compiler inserts the dereference for you.

package main

import "fmt"

type Book struct {
	Title string
	Price float64
}

func main() {
	// &T{} is the idiomatic way to make a pointer to a struct literal.
	b := &Book{Title: "The Go Programming Language", Price: 39.99}

	// Automatic dereference: b.Title, not (*b).Title.
	fmt.Println(b.Title)
	fmt.Printf("$%.2f\n", b.Price)

	b.Price = 34.99 // also auto-dereferenced through the pointer
	fmt.Printf("$%.2f\n", b.Price)

	// The explicit form is legal but nobody writes it:
	fmt.Println((*b).Title)
}

The Go Programming Language
$39.99
$34.99
The Go Programming Language

b.Title and (*b).Title compile to the same thing; the first is the one you write. This is why working with *SomeStruct feels almost identical to working with the struct itself, and it’s part of why passing a pointer to a struct is so common that it barely registers as a decision.

When to use a pointer

The whole question reduces to one word: mutation. If a function needs to change the caller’s value, the caller must hand it a pointer, because Go passes everything by value — every argument is a copy. A copy of a struct is a whole new struct, and writing to it changes nothing the caller can see.

package main

import "fmt"

type Account struct {
	Balance int
}

// byValue receives a COPY of the struct; changes are lost.
func byValue(a Account) {
	a.Balance += 100
}

// byPointer receives the address; changes reach the caller's value.
func byPointer(a *Account) {
	a.Balance += 100
}

func main() {
	acc := Account{Balance: 0}

	byValue(acc)
	fmt.Println("after byValue:  ", acc.Balance)

	byPointer(&acc)
	fmt.Println("after byPointer:", acc.Balance)
}

after byValue:   0
after byPointer: 100

byValue incremented its own private copy and threw it away at the return. byPointer was handed the address of the real account and changed the real account. That contrast is the single most important thing to internalize about pointers in Go, and it’s why a method that modifies its receiver takes a pointer receiver (a topic we treat with methods).

Mutation is the main reason, but two others count:


	Large structs. Passing a big struct by value copies every byte on every call. Passing a pointer copies one address. When a struct is large or copied in a hot path, a pointer avoids the copy. Don’t over-apply this to small structs, where a copy is cheap and often faster than the indirection.

	Optional or nullable values. A *T can be nil to mean “absent,” which a plain T (with its zero value) cannot always express unambiguously. A *int distinguishes “no value” from “the value zero.”



A word on where pointers live

You may be wondering whether taking &x forces x onto the heap, the way it would in C where a local’s address can’t outlive the stack frame. In Go it doesn’t have to. The compiler runs escape analysis: it works out whether a value’s address escapes the function, and if it does, the value is allocated on the heap and the garbage collector manages it; if it doesn’t, it stays on the stack and is freed for free when the function returns. You can return &x from a function safely, and Go does the right thing.

The practical upshot is that you rarely think about stack versus heap at all. You take an address when you need shared or mutable access, and the compiler figures out where the storage belongs. The deep treatment — reading the compiler’s -gcflags=-m output, tuning allocations — lives in the Go in Production series; here it’s enough to know the machinery exists and that it removes a whole category of decisions you might expect to have to make.

Final thoughts

A pointer holds an address; & makes one and * reads through it. Go keeps the useful half of pointers and drops the dangerous half: no arithmetic, a garbage collector that tracks reachability, and a nil dereference that panics loudly instead of corrupting memory. Use &T{...} to build pointers to structs, lean on automatic dereference so p.Field just works, and reach for a pointer when you need to mutate a caller’s value, avoid copying something large, or express “maybe absent.” Everything else about where the memory actually sits, the compiler handles.
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Interfaces: Satisfying a Contract Without Signing It


An interface is a set of method signatures. It names a behavior — “anything that can Speak,” “anything that can Write” — without saying a word about what concrete type provides it. This is the central idea in Go’s type system, the one that most shapes how idiomatic Go is written, and it works differently enough from interfaces in most other languages that it’s worth slowing down for.

The difference in one line: in Go, a type satisfies an interface simply by having the right methods. There is no implements keyword, no declaration linking the two, no ceremony at all. The compiler checks, structurally, that the methods exist. Get that idea to click and a lot of Go stops looking strange.

Structural satisfaction, and why it matters

Most languages use nominal typing for interfaces: a class implements an interface only if it says so, by name, at its definition. Go uses structural typing: a type implements an interface if it has the methods, whether or not anyone intended it to.

package main

import "fmt"

// A small interface: one method.
type Speaker interface {
	Speak() string
}

type Dog struct{ Name string }

// Dog has a Speak method, so Dog satisfies Speaker. No "implements Speaker"
// anywhere — the compiler checks structurally.
func (d Dog) Speak() string { return d.Name + " says woof" }

type Robot struct{ ID int }

func (r Robot) Speak() string { return fmt.Sprintf("unit-%d beeps", r.ID) }

func announce(s Speaker) {
	fmt.Println(s.Speak())
}

func main() {
	var s Speaker // an interface variable

	s = Dog{Name: "Rex"} // Dog satisfies Speaker
	announce(s)

	s = Robot{ID: 7} // so does Robot, unrelated to Dog
	announce(s)
}

Rex says woof
unit-7 beeps

Dog and Robot never mention Speaker. They just have a Speak() string method, and that is sufficient. Assigning a Dog to a Speaker variable compiles because the method set matches. If you deleted Dog’s Speak method, the assignment would fail to compile at that line with a clear message that Dog does not implement Speaker.

Why did Go choose this? Because it decouples. The type and the interface don’t need to know about each other, which means you can write an interface that describes exactly what your function needs and have existing types satisfy it retroactively, without editing them. A type from a library you don’t control can satisfy an interface you just defined, if it happens to have the methods. Nominal typing can’t do that; the type would have had to declare your interface up front, which it couldn’t, because your interface didn’t exist yet.

Keep interfaces small

Structural typing pushes a whole culture: small interfaces. The fewer methods an interface has, the more types satisfy it and the easier it is to implement. The canonical examples live in the standard library’s io package, and they are one method each:

type Reader interface {
	Read(p []byte) (n int, err error)
}

type Writer interface {
	Write(p []byte) (n int, err error)
}

That’s the whole of io.Reader and io.Writer. Because they’re so small, an enormous number of types satisfy them: files, network connections, in-memory buffers, HTTP bodies, compressors, hashers. Any function written against io.Writer works with all of them, and you can write a new sink that plugs into the entire ecosystem by implementing one method.

package main

import (
	"fmt"
	"io"
	"strings"
)

// countingWriter satisfies io.Writer (a Write method with that signature) and
// nothing else. Because fmt.Fprintf takes an io.Writer, it works here for free.
type countingWriter struct{ n int }

func (c *countingWriter) Write(p []byte) (int, error) {
	c.n += len(p)
	return len(p), nil
}

func main() {
	// The stdlib's io.Writer is one method: Write([]byte) (int, error).
	var w io.Writer = &countingWriter{}
	fmt.Fprintf(w, "hello, %s", "interfaces")
	fmt.Println("bytes written:", w.(*countingWriter).n)

	// strings.Builder also satisfies io.Writer — same call, different sink.
	var sb strings.Builder
	fmt.Fprintf(&sb, "hello, %s", "interfaces")
	fmt.Println("built string:", sb.String())
}

bytes written: 17
built string: hello, interfaces

fmt.Fprintf doesn’t know or care what it’s writing to; it asks for an io.Writer and calls Write. Our thirty-line counter and the standard library’s strings.Builder both slot in, because both have the one method. The Go proverb captures the culture: the bigger the interface, the weaker the abstraction. Define interfaces with as few methods as the job needs.

Embedding interfaces

Small interfaces stay useful because you can compose them. Just as a struct can embed another type, an interface can embed other interfaces — you name them inside, with no method of your own required, and the composite interface’s method set is the union of all of them. The standard library does exactly this: io.ReadWriter is nothing but io.Reader and io.Writer glued together.

type ReadWriter interface {
	Reader
	Writer
}

A type satisfies the composite when it satisfies every embedded piece — that is, when it has all the methods. Here’s the pattern with a pair of tiny interfaces and one type that implements both:

package main

import "fmt"

type Reader interface {
	Read() string
}

type Writer interface {
	Write(s string)
}

// ReadWriter is composed by embedding the two smaller interfaces.
type ReadWriter interface {
	Reader
	Writer
}

// buffer has both Read and Write, so it satisfies Reader, Writer, AND ReadWriter.
type buffer struct{ data string }

func (b *buffer) Read() string   { return b.data }
func (b *buffer) Write(s string) { b.data += s }

func use(rw ReadWriter) {
	rw.Write("hello ")
	rw.Write("world")
	fmt.Println("read back:", rw.Read())
}

func main() {
	var b buffer
	use(&b) // *buffer satisfies the composed ReadWriter

	// It satisfies the parts too.
	var r Reader = &b
	var w Writer = &b
	fmt.Printf("as Reader: %q, as Writer set: %t\n", r.Read(), w != nil)
}

read back: hello world
as Reader: "hello world", as Writer set: true

*buffer never mentions any of the three interfaces, yet because it has both Read and Write it satisfies Reader, Writer, and the composed ReadWriter all at once — structural satisfaction again, now at the level of a combined contract. This is how the standard library keeps its abstractions both small and combinable: define one-method interfaces, then embed them into the larger contracts a function actually asks for. You get to demand exactly ReadWriter in a signature while every implementer only ever had to write two ordinary methods.

The empty interface: any

If an interface with one method is satisfied by many types, an interface with zero methods is satisfied by every type — nothing is required, so everything qualifies. Go has a name for it: any, which is an alias for interface{} (you’ll see the older spelling in code predating Go 1.18; they are identical). A variable of type any can hold a value of any type at all.

var x any = "hello"
x = 42
x = []string{"a", "b"}

any is the tool for genuinely heterogeneous data — the value decoded from arbitrary JSON, the argument to fmt.Println (which takes ...any). It’s also a blunt instrument: once a value is inside an any, the compiler knows nothing about it, and you have to ask at runtime what it really is before you can do much. Generics (a later chapter) have replaced many former uses of any. Reach for it when the data truly is untyped, not to dodge writing a real type.

What’s inside an interface value: (type, value)

Here is the model that explains every surprising thing interfaces do. An interface value is not just the underlying value. It’s a pair: a dynamic type and a dynamic value. When you assign a Dog to a Speaker, the interface stores both “the type is Dog” and “the value is this particular dog.” Method calls dispatch on the type half; the value half is passed as the receiver.

An interface is nil only when both halves are empty — no type and no value. This sounds like pedantry until it produces one of the most famous bugs in the language.

The typed-nil trap

Watch closely. A function returns an error (an interface). Inside, it has a nil pointer of a concrete error type, and it returns that pointer. The returned interface is not nil, even though the pointer inside it is.

package main

import "fmt"

type myError struct{ msg string }

func (e *myError) Error() string { return e.msg }

// broken returns a *myError that is nil, but declared as the error interface.
func broken() error {
	var p *myError // nil pointer
	return p       // wrapped into a non-nil interface value!
}

func main() {
	var e error = broken()

	// The interface holds (type=*myError, value=nil). It is NOT == nil,
	// because the type slot is filled.
	fmt.Println("e == nil:", e == nil)

	// A truly empty interface — no type, no value — IS == nil.
	var empty error
	fmt.Println("empty == nil:", empty == nil)
}

e == nil: false
empty == nil: true

Read that output twice. broken returned a nil *myError, but the moment that pointer was stored in the error interface, the interface’s type slot became *myError. The value slot is nil, but the type slot is not, so the pair is not both-empty, so e == nil is false. A caller writing the completely reasonable if err != nil sees a non-nil error that has no actual failure inside it, and reports a problem that didn’t happen.

The fix is a discipline: don’t return a typed nil pointer as an interface. Return a literal nil when there’s no error. Functions should be written return nil on the success path, not return someNilPointer. This trap has bitten essentially every Go programmer once; now it won’t bite you.

Getting the concrete type back: assertions and switches

A value inside an interface has lost its static type as far as the compiler is concerned. To get it back — to ask “is this actually a string?” — you use a type assertion, and the safe form returns a second boolean rather than panicking on a mismatch.

package main

import "fmt"

func describe(x any) {
	// Type switch: one branch per possible dynamic type.
	switch v := x.(type) {
	case int:
		fmt.Printf("int, doubled: %d\n", v*2)
	case string:
		fmt.Printf("string of length %d\n", len(v))
	case bool:
		fmt.Printf("bool: %t\n", v)
	default:
		fmt.Printf("unhandled type %T\n", v)
	}
}

func main() {
	var x any = "hello" // an empty interface holds anything

	// Comma-ok type assertion: ask if the dynamic type is string.
	s, ok := x.(string)
	fmt.Printf("assert string: %q, ok=%t\n", s, ok)

	// Asking for the wrong type with comma-ok is safe — ok is false, no panic.
	n, ok := x.(int)
	fmt.Printf("assert int:    %d, ok=%t\n", n, ok)

	describe(42)
	describe("go")
	describe(true)
	describe(3.14)
}

assert string: "hello", ok=true
assert int:    0, ok=false
int, doubled: 84
string of length 2
bool: true
unhandled type float64

Two forms, both here. v, ok := x.(T) is the type assertion: ok tells you whether the dynamic type is T, and when it isn’t, v is T’s zero value and nothing panics. (There’s a one-result form, v := x.(T), that does panic on a mismatch — use the comma-ok form unless you’re certain.) The type switch, switch v := x.(type), is the assertion generalized to many types at once, with v bound to the right concrete type in each branch. When you’re branching on more than one possible type, the type switch is the idiom; a single check is an assertion.

Accept interfaces, return structs

One maxim ties the chapter together: accept interfaces, return structs. Take interface types as function parameters, so callers can pass anything that satisfies the behavior you need — the most flexible possible input. But return concrete types, so callers get the full, specific value with all its methods and fields, and aren’t boxed into whatever interface you guessed they’d want.

fmt.Fprintf follows it: it accepts an io.Writer (maximally flexible) and returns concrete int and error. Applied consistently, this keeps your inputs open and your outputs precise, and it’s a reliable default when you’re deciding whether a given type in a signature should be an interface or a concrete type. Accept the abstraction; hand back the real thing.

Final thoughts

An interface is a set of methods, and a type satisfies it by having those methods — structurally, with no implements keyword and no link between the two. That decoupling is the point, and it drives the small-interface culture that io.Reader and io.Writer exemplify. Every interface value is a (type, value) pair, which explains both any (the zero-method interface everything satisfies) and the typed-nil trap (a non-nil type slot makes a non-nil interface even when the value is nil). Recover concrete types with the comma-ok assertion or a type switch, and when you design signatures, accept interfaces and return structs. This is the idea Go is built around; the rest of the language reads more easily once it clicks.
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Errors Are Values: Returned, Not Thrown


Go does not have exceptions. A function that can fail returns an error as an ordinary value, alongside its result, and the caller checks it with an ordinary if. There is no try, no catch, no invisible unwinding of the stack to some handler far away. Failure is data you receive and inspect, exactly like any other return value.

This is one of Go’s most divisive choices and one of its most consistent. It’s the source of the if err != nil you’ll write more than any other line, and the source of the complaint that Go is verbose. It’s worth understanding not just how the machinery works but why the language made this trade, because once you see errors as values the whole standard library falls into place.

error is just an interface

There’s no special error machinery in the language. error is a plain interface, and a tiny one:

type error interface {
	Error() string
}

Anything with an Error() string method is an error. That’s it. The error you return from functions, the one errors.New produces, the one a database driver hands you — all of them are values satisfying this one-method interface. This is the interface chapter’s structural typing at work: you can make your own error type by giving a struct an Error() method, and it slots in everywhere an error is expected, with no registration.

Because an error is just a value, it follows every rule other values follow. You can store it, pass it, compare it, put it in a struct, return it. Nothing about it is magic.

Returned and checked, not thrown

The convention: a function that can fail returns (result, error), and by universal agreement the error is the last return value. The caller checks whether it’s nil, and nil means success.

package main

import (
	"errors"
	"fmt"
)

// half returns a value AND an error. The caller checks the error.
func half(n int) (int, error) {
	if n%2 != 0 {
		return 0, errors.New("cannot halve an odd number")
	}
	return n / 2, nil
}

func main() {
	if v, err := half(10); err != nil {
		fmt.Println("error:", err)
	} else {
		fmt.Println("half of 10 is", v)
	}

	if v, err := half(7); err != nil {
		fmt.Println("error:", err)
	} else {
		fmt.Println("half of 7 is", v)
	}

	// fmt.Errorf builds a formatted error.
	err := fmt.Errorf("job %d failed after %d retries", 42, 3)
	fmt.Println(err)
}

half of 10 is 5
error: cannot halve an odd number
job 42 failed after 3 retries

Two ways to make an error appear here. errors.New("...") builds a simple error from a fixed string. fmt.Errorf(...) builds one from a format string, the way fmt.Printf builds output, which is what you want whenever the message needs to include specifics like an id or a count.

Now the tradeoff, stated honestly. This is explicit but verbose. The upside is that every place a function can fail is visible in the code, right where it happens; you cannot accidentally ignore an error’s possibility, because the failure is sitting in a variable you have to do something with. There’s no invisible control flow leaping past your code to a handler you forgot to write. The downside is the noise: real Go has these three-line if err != nil blocks scattered throughout, and reading past them is a skill you develop. Go’s designers took that deal deliberately — they decided that error handling is part of the program’s logic and should be as visible as the rest of it, not tucked into a separate channel. Whether the visibility is worth the verbosity is the enduring argument about the language, but the choice is coherent.

Sentinels, custom types, wrapping, and matching

A bare string error is fine for a leaf function, but real programs need more: to recognize a specific error a caller can react to, to attach structured data, and to add context as an error travels up through layers without losing what it originally was. Go handles all three with the same small toolkit.

A sentinel error is a package-level error value that callers compare against by identity. A custom error type is a struct implementing error, carrying fields. Wrapping with the %w verb nests one error inside another so the outer message adds context while the inner error stays discoverable. And errors.Is and errors.As walk that nested chain — Is looks for a specific sentinel value, As looks for a specific type and extracts it.

package main

import (
	"errors"
	"fmt"
)

// A sentinel error: a package-level value callers compare against.
var ErrNotFound = errors.New("not found")

// A custom error type: a struct that implements error.
type QueryError struct {
	Query string
	Err   error
}

func (e *QueryError) Error() string {
	return fmt.Sprintf("query %q: %v", e.Query, e.Err)
}

// Unwrap lets errors.Is / errors.As walk into the wrapped error.
func (e *QueryError) Unwrap() error { return e.Err }

func lookup(id string) error {
	// Wrap the sentinel with %w so it stays discoverable up the chain.
	return &QueryError{Query: "SELECT " + id, Err: fmt.Errorf("row %s: %w", id, ErrNotFound)}
}

func main() {
	err := lookup("42")
	fmt.Println("err:", err)

	// errors.Is walks the chain looking for a specific sentinel value.
	fmt.Println("Is ErrNotFound:", errors.Is(err, ErrNotFound))

	// errors.As walks the chain looking for a specific type, and extracts it.
	var qe *QueryError
	if errors.As(err, &qe) {
		fmt.Println("As QueryError, .Query =", qe.Query)
	}
}

err: query "SELECT 42": row 42: not found
Is ErrNotFound: true
As QueryError, .Query = SELECT 42

Follow the chain. lookup returns a *QueryError whose Err field wraps ErrNotFound via %w. The printed message reads outside-in: the query context, then the row context, then not found at the bottom. Even though ErrNotFound is buried two layers deep, errors.Is(err, ErrNotFound) finds it, because %w and the Unwrap method let Is descend through the layers comparing identities. That’s the payoff of sentinels: a caller anywhere up the stack can write if errors.Is(err, ErrNotFound) and react to that exact condition, however much context got wrapped around it on the way up.

errors.As does the parallel job for types. It walks the same chain looking for a *QueryError, and when it finds one it fills in your pointer so you can read qe.Query. Use Is when you care which known error this is, and As when you need the structured data off a specific error type.

Two rules of thumb keep this tidy. Wrap with %w when the caller should be able to see through to the underlying error; use %v when you want to state a message but deliberately hide the internals. And define a sentinel or a custom type only for conditions callers will actually branch on — most errors just need a good message and don’t need to be individually recognizable.

Joining several errors with errors.Join

Wrapping nests one error inside another, but sometimes you have several independent failures at once — a validation pass that finds three problems, a cleanup step where two of five closers error. For that, errors.Join (added in Go 1.20) combines any number of errors into a single one. The joined error prints each on its own line, and — the useful part — errors.Is matches any of the errors that went in.

package main

import (
	"errors"
	"fmt"
)

var (
	ErrTooShort = errors.New("too short")
	ErrNoDigit  = errors.New("no digit")
)

// validate joins every failure it finds into one error.
func validate(pw string) error {
	var errs []error
	if len(pw) < 8 {
		errs = append(errs, ErrTooShort)
	}
	if !containsDigit(pw) {
		errs = append(errs, ErrNoDigit)
	}
	return errors.Join(errs...) // nil if errs is empty
}

func containsDigit(s string) bool {
	for _, r := range s {
		if r >= '0' && r <= '9' {
			return true
		}
	}
	return false
}

func main() {
	err := validate("abc")
	fmt.Println("err:", err)

	// errors.Is matches ANY of the joined errors.
	fmt.Println("Is ErrTooShort:", errors.Is(err, ErrTooShort))
	fmt.Println("Is ErrNoDigit: ", errors.Is(err, ErrNoDigit))
}

err: too short
no digit
Is ErrTooShort: true
Is ErrNoDigit:  true

The password "abc" failed both checks, so validate joined ErrTooShort and ErrNoDigit into one error whose message is the two lines stacked. A caller can then test for each condition independently: errors.Is(err, ErrTooShort) and errors.Is(err, ErrNoDigit) are both true against the same combined value, because Is walks the whole set, not just a single chain. Two conveniences make this pleasant in practice: errors.Join ignores nil arguments, so you can append conditionally without filtering, and it returns nil when everything you passed was nil — so return errors.Join(errs...) is a correct success path when the slice is empty.

panic and recover: not your exceptions

Go does have a mechanism that unwinds the stack: panic stops normal execution, runs deferred functions on the way up, and crashes the program if nothing stops it. recover, called inside a deferred function, halts that unwinding and returns the panic value. It looks like throw/catch, and reaching for it that way is the most common mistake newcomers make.

It is not for ordinary errors. Panic is for the truly unexpected — a bug, a broken invariant, a state that should be impossible — where continuing would be meaningless. A nil map write, an out-of-bounds index, an integer divide by zero all panic, because they signal a programming fault, not a runtime condition you planned for. You use recover at a boundary where you’d rather convert an unexpected fault into a controlled failure than let one bad request take the whole process down.

package main

import "fmt"

// safeDivide recovers from a panic and turns it into an ordinary error, so a
// programming fault in one call can't take the whole program down.
func safeDivide(a, b int) (result int, err error) {
	defer func() {
		if r := recover(); r != nil {
			err = fmt.Errorf("recovered: %v", r)
		}
	}()
	return a / b, nil // a / 0 panics with "integer divide by zero"
}

func main() {
	if v, err := safeDivide(10, 2); err != nil {
		fmt.Println("error:", err)
	} else {
		fmt.Println("10 / 2 =", v)
	}

	if _, err := safeDivide(10, 0); err != nil {
		fmt.Println("error:", err)
	}

	fmt.Println("program continues normally")
}

10 / 2 = 5
error: recovered: runtime error: integer divide by zero
program continues normally

Three things this demonstrates. recover only works inside a deferred function — a call to recover() anywhere else returns nil and does nothing, because there’s no panic in flight for it to catch. The deferred closure uses a named return value (err), which is how it hands the recovered problem back to the caller as a normal error. And after the recovery, main keeps running to its end: the panic from dividing by zero was contained, converted, and the program continued.

But notice what we’re not doing. safeDivide doesn’t use panic as its normal failure channel; dividing by zero is a bug in the caller, and we recovered only to stop it from killing the process. In your own code, a condition you expect and can handle should be an ordinary error return, not a panic. Panic-and-recover is a seatbelt for the unexpected, most often at a server’s request boundary or a worker’s top level, and it is not a substitute for if err != nil. Save it for the genuinely exceptional, and let values carry everything else.

Final thoughts

Errors in Go are values: error is a one-method interface, failures are returned rather than thrown, and callers check them with if err != nil — explicit and a little verbose, by deliberate design, so that every point of failure is visible in the code. Build errors with errors.New and fmt.Errorf, add context by wrapping with %w, and recover intent from the chain with errors.Is (match a sentinel) and errors.As (extract a type). Reserve panic and recover for the genuinely unexpected, always recovering inside a defer, and never as a stand-in for exceptions. Handled as values, errors are just more of the program, which is exactly how Go wants you to treat them.
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Generics: Type Parameters Without the Guilt


Go shipped without generics for its first decade, and the language did fine. That history matters, because it tells you generics arrived as a considered addition, not a founding feature, and the way to use them well is to remember that the language worked without them. Type parameters landed in Go 1.18 to solve one specific pain: writing the same typed container or algorithm over and over, once per element type, or throwing away type safety with interface{} and casting on the way out. That is the problem generics solve, and it is a narrower problem than “everything.” This chapter teaches the mechanics and then, just as carefully, teaches when to leave them alone.

Type parameters on functions

A generic function declares one or more type parameters in square brackets before its value parameters. Inside the function, those type parameters are ordinary types you can use in signatures and bodies:

import "cmp"

// Min returns the smaller of a and b, for any ordered type.
func Min[T cmp.Ordered](a, b T) T {
	if a < b {
		return a
	}
	return b
}

[T cmp.Ordered] reads as “for any type T that satisfies cmp.Ordered.” cmp.Ordered is a constraint from the standard library’s cmp package: it admits exactly the types the < operator works on (integers, floats, strings). The rest of the signature uses T like any concrete type. One definition now works for every ordered type, and — this is the point — the compiler still type-checks each call. There is no boxing, no interface{}, no runtime cast.

Type inference: you usually omit the type argument

You can spell the type argument out (Min[int](10, 4)), but you rarely need to. Go infers T from the values you pass:

func main() {
	fmt.Println(Min(3, 7))            // inferred: T = int
	fmt.Println(Min("pear", "apple")) // inferred: T = string
	fmt.Println(Min(2.5, 1.5))        // inferred: T = float64
	fmt.Println(Min[int](10, 4))      // explicit type argument
}

$ go run .
3
apple
1.5
4

"apple" sorts before "pear", so Min returns it — the same code path a moment after it returned an integer. Inference is why generic Go reads almost like non-generic Go at the call site: the brackets are declared once, at the definition, and disappear everywhere the function is used.

Constraints: what a type parameter is allowed to be

A type parameter is only as capable as its constraint says. Inside Min, you can use < only because cmp.Ordered promises it. Try to use an operation the constraint doesn’t guarantee and the code won’t compile. That is the whole idea: a constraint is the contract that tells the compiler which operations are legal on T.

Two constraints are built into the language:


	any is the constraint that admits every type. It is a new spelling of interface{}, and it means “no requirements” — you can store and pass a T, but you can’t compare, add, or index it, because nothing is promised.

	comparable admits every type usable with == and !=. You need it whenever a type parameter becomes a map key or gets equality-checked.



For anything richer, you write a constraint interface. A constraint interface can list ordinary methods (the same interfaces you already use for behavior), or it can list a set of permitted types with a type set:

// Number is a constraint: any type whose underlying type is one of these.
// The ~ means "and every named type built on it," not just the type itself.
type Number interface {
	~int | ~int64 | ~float64
}

func Sum[T Number](xs []T) T {
	var total T
	for _, x := range xs {
		total += x
	}
	return total
}

The | unions the allowed types; the ~ is the load-bearing detail. ~int means “any type whose underlying type is int,” not just int itself. That matters the moment your program uses named types — and idiomatic Go uses a lot of them (type Celsius float64, type UserID int64). Without ~, a constraint of plain int | float64 would reject Celsius, and your generic function would be useless on exactly the domain types you defined for clarity. With ~float64, Celsius is admitted:

// Celsius has underlying type float64, so ~float64 admits it.
type Celsius float64

func main() {
	fmt.Println(Sum([]int{1, 2, 3, 4}))
	fmt.Println(Sum([]float64{1.5, 2.5}))
	fmt.Println(Sum([]Celsius{20.0, 1.5, -0.5}))
}

$ go run .
10
4
21

Note var total T in Sum: even a type parameter has a zero value, and var total T gives you the right one for whatever T turns out to be. For the numeric types here it is 0, the correct seed for a sum.

Type parameters on types

Types take type parameters too, which is how you build a typed container — the original motivation. Here is a stack that holds any element type without giving up type safety:

// Stack is a last-in, first-out container of any element type.
type Stack[T any] struct {
	items []T
}

func (s *Stack[T]) Push(v T) {
	s.items = append(s.items, v)
}

func (s *Stack[T]) Pop() (T, bool) {
	var zero T
	if len(s.items) == 0 {
		return zero, false
	}
	last := s.items[len(s.items)-1]
	s.items = s.items[:len(s.items)-1]
	return last, true
}

func (s *Stack[T]) Len() int { return len(s.items) }

The methods carry the receiver’s type parameter: *Stack[T], not *Stack. Inside Pop, var zero T builds the correct zero value to return alongside the false — the same comma-ok shape you already use for map lookups and channel receives. A Stack[int] and a Stack[string] are distinct types, each fully checked:

func main() {
	var nums Stack[int]
	nums.Push(1)
	nums.Push(2)
	nums.Push(3)
	for nums.Len() > 0 {
		v, _ := nums.Pop()
		fmt.Print(v, " ")
	}
	fmt.Println()

	var words Stack[string]
	words.Push("go")
	words.Push("generics")
	v, ok := words.Pop()
	fmt.Println(v, ok)

	_, ok = (&Stack[float64]{}).Pop()
	fmt.Println("pop empty ok:", ok)
}

$ go run .
3 2 1 
generics true
pop empty ok: false

Push an int onto words and it won’t compile. That is the entire value proposition over a []interface{} stack: the mistakes are caught at build time, and no cast is needed on the way out.

Map and Filter: two type parameters

Algorithms over collections are the other natural fit. Map needs two type parameters, because it can change the element type — take a []T, produce a []U:

// Map applies f to every element, producing a new slice of a possibly new type.
func Map[T, U any](xs []T, f func(T) U) []U {
	out := make([]U, len(xs))
	for i, x := range xs {
		out[i] = f(x)
	}
	return out
}

// Filter keeps the elements for which keep returns true.
func Filter[T any](xs []T, keep func(T) bool) []T {
	var out []T
	for _, x := range xs {
		if keep(x) {
			out = append(out, x)
		}
	}
	return out
}

func main() {
	nums := []int{1, 2, 3, 4, 5, 6}
	evens := Filter(nums, func(n int) bool { return n%2 == 0 })
	fmt.Println(evens)

	labels := Map(evens, func(n int) string { return fmt.Sprintf("#%d", n) })
	fmt.Println(labels)

	words := []string{"go", "is", "fun"}
	shouted := Map(words, strings.ToUpper)
	fmt.Println(shouted)
}

$ go run .
[2 4 6]
[#2 #4 #6]
[GO IS FUN]

Inference handles both parameters: from Map(evens, func(n int) string {...}) the compiler reads T = int from evens and U = string from the function’s result. You never write the brackets. The standard library ships these now in the slices and maps packages (slices.Sort, slices.Contains, maps.Keys), so before you write your own generic helper, check whether the standard library already has it.

An edge worth knowing: methods can’t add type parameters

A method may use its receiver’s type parameters, as Stack’s methods used T. What it may not do is introduce a new one of its own. There is no func (s Set[T]) Map[U any](f func(T) U) Set[U]; the compiler rejects a type parameter list on a method. This surprises people arriving from languages where a generic method on a non-generic type is routine, and it is a deliberate limitation, not an oversight — allowing it would complicate interface satisfaction and the compiler’s dispatch model in ways the Go team judged not worth the cost.

The practical consequence: when you need a “method” that ranges over its own extra type, write a free function with two type parameters instead. That is exactly why Map above is a package-level func Map[T, U any](...) and not a method on some collection type. The function form has all the power; the method form is the one with the restriction. Keep transformations that change the element type as functions, and reserve methods for operations that stay within the receiver’s own type parameters.

When not to use generics

Here is the part most tutorials skip. Go ran for ten years without type parameters, and most Go code still doesn’t need them. The reach-for-generics reflex from other languages is the thing to unlearn.


	For behavior, use an interface, not a type parameter. If your function only needs to call .Read() or .String() on its argument, an ordinary interface expresses that better and stays simpler. Generics are for when the concrete type must be preserved across the call — a container that gives back exactly what you put in, or a function whose input and output types are linked. If the type is immediately erased to “something with these methods,” that is an interface’s job, and it has been since Go 1.0.

	Don’t parameterize for a single type. A “generic” function called at exactly one type is a concrete function wearing brackets. Write the concrete version; generalize only when a second real caller at a second real type shows up.

	Prefer clarity to cleverness. A little duplication reads better than a constraint interface with four unions and a ~ you have to squint at. Generics can obscure as easily as they clarify; the win has to be real.



The honest rule: generics are the right tool for typed containers and algorithms that are genuinely used across many types — the Stack, the Map, the Min. They are the wrong tool as a default. When you are unsure, write the non-generic version first. It will compile just as fast, read just as clearly, and if a second type never arrives, you saved yourself the abstraction.

Final thoughts

Generics give you type parameters on functions and types, a constraint system built from any, comparable, and type-set interfaces where the ~ element reaches named types, and inference that keeps the call sites clean. They erase a real category of boilerplate and the interface{}-and-cast pattern it used to force. But they are an addition to a language that was already complete without them, and the best Go still treats them as a targeted tool for typed containers and multi-type algorithms — not a new default. Reach for them when the concrete type must survive the call; reach for an interface when only behavior matters.
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Packages and Modules: Organizing Real Go


Everything so far has fit in one main package. Real programs don’t. This final chapter is about the two units Go uses to organize code at scale: the package, which is how you group and hide code within a project, and the module, which is how a project is versioned, depended upon, and shared. Both are deliberately simple, both are enforced by the compiler rather than by convention, and both were designed — like the rest of the language — to keep a large codebase legible years after it was written.

Packages: one directory, one package

The rule is mechanical: a directory is a package. Every .go file in a directory must declare the same package name on its first line, and together they form one package. There are no nested packages within a file, no namespaces to open, no header to include. The files in a directory are compiled together and share a single scope, so a function in one file can call an unexported function in another file of the same package without any import.

The package name is what callers type; the import path is how the toolchain finds it. They’re usually the last element of the path but need not be. You already know the visibility rule from chapter one, and it is the whole access-control system: an identifier exported if and only if it starts with an uppercase letter. No public, no private, no export. greet.Hello is callable from another package; greet.language is not.

Here is a library package. Note the doc comment on the package line, the capitalized Hello, and the lowercase language that nothing outside can reach:

// Package greet formats friendly greetings.
package greet

import "fmt"

// language is package-private: lowercase, so no other package can see it.
var language = "English"

// Hello returns a greeting for name. It is exported: capitalized.
func Hello(name string) string {
	return fmt.Sprintf("Hello, %s", name)
}

// init runs automatically when the package is first loaded,
// before any exported function is called. A package may have several.
func init() {
	fmt.Printf("[greet] initialized (language=%s)\n", language)
}

init() and when it runs

init is a special function: you never call it, the runtime does. When a package is first loaded, Go initializes its package-level variables, then runs every init function in the package, and only then does control reach any code that uses the package. A package may declare several init functions (even across its files); they all run. Crucially, a package’s dependencies are fully initialized before it is — so if main imports greet, greet’s variables and init complete before main starts. Use init sparingly, for genuine one-time setup like registering a driver; heavy logic hidden in init is hard to follow precisely because nobody calls it.

The blank import: importing purely for init

That “registering a driver” case has its own syntax, and it looks strange until you know the rule behind it. Normally an unused import is a compile error — Go refuses to build code that imports a package it never names. But sometimes you want a package only for the side effect its init produces, and you never call anything it exports. The database/sql drivers work this way: importing the driver registers it, and from then on you talk to it through the standard database/sql API, never by name. To ask for a package’s init without naming the package, you give the import the blank identifier _:

package main

import (
	"fmt"

	// Blank import: we never name driver, we only want its init side effect.
	_ "example.com/hello/driver"
)

func main() {
	fmt.Println("main running")
}

The driver package here does nothing but record, in its init, that it was loaded:

// Package driver registers itself as a side effect of being imported.
package driver

import "fmt"

var registered bool

func init() {
	registered = true
	fmt.Println("[driver] init ran: registered =", registered)
}

Run it and the init fires before main, exactly as the initialization rule promises, even though main never references the package:

$ go run .
[driver] init ran: registered = true
main running

The _ says “import this for its effects, and yes, I know I’m not using its name — that’s on purpose.” It’s the one sanctioned way around the unused-import rule, and it exists precisely for this register-on-load pattern. Reach for it only when a package documents that importing it does something; a blank import with no side effect is just dead weight.

The import graph has no cycles

A main package imports the library by its import path — the module path plus the directory:

package main

import (
	"fmt"

	"example.com/hello/greet"
)

func main() {
	fmt.Println(greet.Hello("Ada"))
	fmt.Println(greet.Hello("Grace"))
}

Run it, and greet’s init fires first, before main prints anything:

$ go run .
[greet] initialized (language=English)
Hello, Ada
Hello, Grace

That ordering is the initialization rule made visible: greet is fully set up before main runs. One hard constraint governs the whole graph: imports may not form a cycle. If package a imports b, then b may not import a, directly or through a chain. The compiler rejects it outright. This feels strict the first time it bites, but it is one of Go’s quiet superpowers — the import graph is always a DAG, so you can always find a bottom to start reading from, and the build can always be ordered. When you hit a cycle, it is a design signal: the two packages want to be one, or a shared third package should hold what they both need.

The internal/ directory

Exported-by-capitalization is the only visibility control within a package’s public surface, but it is all-or-nothing: capitalize Hello and the entire world can call it. Sometimes you want code that is exported to your own packages but closed to outside importers. That is what internal/ is for, and the compiler enforces it: a package whose import path contains an internal/ element may be imported only by code rooted at internal’s parent directory.

// Package token lives under internal/, so only code rooted at
// example.com/hello may import it. The compiler enforces this.
package token

import "fmt"

func New(id int) string {
	return fmt.Sprintf("tok-%04d", id)
}

A main package that shares the parent of internal/ imports it normally:

$ go run .
tok-0042

But a package outside that subtree cannot, and the failure is a compile error, not a lint warning. Dropping a sibling package that reaches into the same internal/token and building it gives:

$ go build .
package example.com/hello
	main.go:6:2: use of internal package example.com/hello/internal/token not allowed

This is how a library exposes a small, deliberate public API while keeping its guts private and refactorable. Everything under internal/ can change freely; no external code was ever allowed to depend on it.

Modules: the unit of versioning

A module is a tree of packages versioned and released together, rooted at a go.mod file. You met go mod init in chapter one; here is what the file it writes actually carries. A fresh module with one dependency looks like this:

module example.com/shop

go 1.26.5

require rsc.io/quote/v4 v4.0.1

require (
	golang.org/x/text v0.0.0-20170915032832-14c0d48ead0c // indirect
	rsc.io/sampler v1.3.0 // indirect
)

Four things to read here:


	The module path (example.com/shop) is the import prefix for every package inside. It is conventionally a URL you control, because that is also where go get will fetch it from.

	The go directive records the language version the module is written for.

	require lists dependencies with exact semantic versions. Go’s dependency resolution is deterministic: it picks the minimum version that satisfies all requirements, so builds are reproducible without a separate lockfile step.

	// indirect marks a dependency you don’t import directly but that something you do import needs. Go records the whole graph, not just your direct edges.



Adding a dependency

You add one with go get, which downloads it and updates go.mod:

$ go get rsc.io/quote/v4
go: added golang.org/x/text v0.0.0-20170915032832-14c0d48ead0c
go: added rsc.io/quote/v4 v4.0.1
go: added rsc.io/sampler v1.3.0

It resolved three modules from the one you asked for: rsc.io/quote/v4 directly, plus rsc.io/sampler and golang.org/x/text, which quote needs. Those two become the // indirect lines in go.mod.

Then you import and use it like any package:

$ go run .
Don't communicate by sharing memory, share memory by communicating.

Notice the /v4 in the import path rsc.io/quote/v4. That is semantic import versioning: a module at major version 2 or above puts its major version in the path itself. It looks odd, but it is what lets v1 and v4 of the same library coexist in one build — they have literally different import paths, so an upgrade across a breaking major version is an explicit code change, never a silent one.

go.sum and go mod tidy

Alongside go.mod sits go.sum, the integrity ledger. It records a cryptographic hash for every module version in your graph, so a later download that doesn’t match is rejected — supply-chain tampering fails the build rather than slipping through:

rsc.io/quote/v4 v4.0.1 h1:i/LHLEinr65wwTCqlP4OnMoMWeCgnFIZFvifdXNK+5M=
rsc.io/quote/v4 v4.0.1/go.mod h1:w/DafQky66grMesu3uPhdDMS3knhBippwwemZtMOyCI=

Both go.mod and go.sum are checked into version control. Keeping them honest is one command: go mod tidy adds every dependency your code actually imports, removes every one it no longer uses, and reconciles go.sum. Run it before you commit, and the module file reflects the code rather than its history.

The standard project layout

Go’s layout is more convention than rule, but the conventions are widely shared:


	go.mod / go.sum at the repository root define the module.

	main packages — the commands you build — live under cmd/<name>/, one directory per binary.

	Library packages live at the root or under descriptive directories; put shared-but-private code under internal/.

	Package directories are named for what they provide (store, token, httpapi), lowercase, no underscores. The directory name is usually the package name.



There is no framework-mandated src/, no deep nesting for its own sake. A small tool can be a single package; a large service groups packages by responsibility with internal/ guarding the parts that aren’t a public API.

go doc reads your own packages

The documentation tool you used on the standard library works on your code with no extra step, because Go’s docs are the source comments. Point go doc at your package:

$ go doc ./greet
package greet // import "example.com/hello/greet"

Package greet formats friendly greetings.

func Hello(name string) string

It lists the exported surface and the package-level comment. Ask for a symbol and you get its doc comment too:

$ go doc ./greet Hello
func Hello(name string) string
    Hello returns a greeting for name. It is exported: capitalized.

That is the whole loop: write a comment above an exported identifier, and it is documentation — readable in the terminal, on pkg.go.dev, and in your editor, all from the one source of truth. This is why idiomatic Go comments the exported names carefully and leaves the private ones to speak for themselves.

Final thoughts

Packages and modules close the language. A package is a directory; capitalization decides what leaves it; internal/ closes what should stay in; imports form a cycle-free graph the compiler guarantees. A module is a go.mod, a set of versioned dependencies pinned reproducibly, a go.sum that makes tampering fail the build, and go mod tidy to keep it all honest. None of it needs a build framework, because the go command is the build system.

Step back and the whole language rhymes with the philosophy from chapter one. One obvious way to do things. A small surface you can hold in your head. Rules the compiler enforces so humans don’t have to argue: unused imports don’t build, exports are a capital letter, formatting is gofmt, cycles are illegal. Errors are values you check, not exceptions you catch. Composition over inheritance, interfaces satisfied structurally, zero values that mean there is no uninitialized memory. Go trades expressiveness for the thing that actually dominates the cost of software over years — reading code you didn’t write — and nearly every spartan choice pays into that.

There is one large piece of Go this series deliberately left for its own book: concurrency. Goroutines and channels are why many people choose the language, and they deserve more than a closing section. That is the next series in this track, Concurrency in Go, where the go keyword, channels, select, and the patterns for coordinating thousands of concurrent tasks get the room they need. You now have the whole sequential language — types, methods, interfaces, errors, generics, and the tools and structure to ship it. That is more than enough to build real things.






Versions and Verification


These are the versions the examples in this book were run against, not a claim
about what is current. A pinned baseline is what makes a printed result
reproducible; software released after this edition may behave differently.

What each chapter was run against


	Chapter	Run against


	Chapters 1–7, 14, 15	Go 1.26.5.
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