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type Employee struct {

ID int

Name, Address string

DoB time.Time

Position string

Salary int

ManagerID int

}

Field order is sig nificant to typ e identity. Had we als o combined the declarat ion of the Posi-

tion field (also a str ing), or int erc hange d Name and Address, we wou ld be defining a dif ferent
st ruc t type. Typic ally we only com bine the declarat ions of rel ate d fields.

The name of a str uct field is exp orted if it beg ins wit h a capit al letter; this is Go’s main access
cont rol mechanism. A st ruc t type may cont ain a mixture of exp orted and unexp orted fields.

St ruc t types tend to be verb ose because the y of ten invo l ve a line for each field. Alt hough we
could write out the whole typ e each time it is needed, the rep etit ion wou ld get tires ome.
In ste ad, str uct typ es usually app ear wit hin the declarat ion of a named typ e li ke Employee.

A named str uct typ e S can’t declare a field of the same typ e S: an aggregate value cannot con-
tain its elf. (An analogou s rest ric tion app lies to arrays.) But S may declare a field of the
pointer typ e *S, which lets us cre ate rec ursive dat a st ruc tures like lin ked lists and tre es. This is
illustrated in the code below, which uses a binar y tree to imp lement an ins ertion sor t:

gopl.io/ch4/treesort

type tree struct {

value int

left, right *tree

}

// Sort sorts values in place.

func Sort(values []int) {

var root *tree

for _, v := range values {

root = add(root, v)

}

appendValues(values[:0], root)

}

// appendValues appends the elements of t to values in order

// and returns the resulting slice.

func appendValues(values []int, t *tree) []int {

if t != nil {

values = appendValues(values, t.left)

values = append(values, t.value)

values = appendValues(values, t.right)

}

return values

}
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func add(t *tree, value int) *tree {

if t == nil {

// Equivalent to return &tree{value: value}.

t = new(tree)

t.value = value

return t

}

if value < t.value {

t.left = add(t.left, value)

} else {

t.right = add(t.right, value)

}

return t

}

The zero value for a str uct is composed of the zero values of each of its fields. It is usu ally
desirable that the zero value be a natural or sensible defau lt. For example, in bytes.Buffer,
the initial value of the str uct is a ready-to-use emp ty buf fer, and the zero value of sync.Mutex,
which we’ll see in Chapt er 9, is a ready-to-use unlocke d mu tex. Som etimes this sensible initial
behavior happens for fre e, but som etimes the typ e desig ner has to wor k at it.

The str uct typ e with no fields is cal le d the empty str uct, writt en struct{}. It has size zero and
carries no infor mat ion but may be useful non etheless. Som e Go programmers use it ins tead
of bool as the value typ e of a map that represents a set, to emp hasize that only the keys are sig-
nificant, but the space sav ing is marginal and the syntax more cumbers ome, so we general ly
avoid it.

seen := make(map[string]struct{}) // set of strings

// ...

if _, ok := seen[s]; !ok {

seen[s] = struct{}{}

// ...first time seeing s...

}

4.4.1. Struct Literals

A value of a str uct typ e can be writt en using a st ruc t litera l that specifies values for its fields.

type Point struct{ X, Y int }

p := Point{1, 2}

There are two for ms of str uct lit eral. The firs t form, shown above , re quires that a value be
sp ecified for ever y field, in the rig ht order. It burdens the writer (and reader) wit h rememb er-
ing exac tly what the fields are , and it makes the code frag i le should the set of fields later grow
or be reordered. Accordingly, this for m tend s to be used only wit hin the package that defines
the str uct typ e, or wit h smal ler st ruc t types for which there is an obv iou s field order ing con-
vent ion, like image.Point{x, y} or color.RGBA{red, green, blue, alpha}.
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Mo re often, the secon d form is used, in which a str uct value is initialize d by listing som e or all
of the field names and their corresponding values, as in this statement fro m the Lissajous
prog ram of Sec tion 1.4:

anim := gif.GIF{LoopCount: nframes}

If a field is omitt ed in this kind of lit eral, it is set to the zero value for its typ e. Because names
are provide d, the order of fields doesn’t matter.

The two for ms cannot be mixed in the same lit eral. Nor can you use the (order-b ased) firs t
form of lit eral to sne ak aro und the rule that unexp orted identifiers may not be refer red to
from another package.

package p

type T struct{ a, b int } // a and b are not exported

package q

import "p"

var _ = p.T{a: 1, b: 2} // compile error: can't reference a, b

var _ = p.T{1, 2} // compile error: can't reference a, b

Although the last line above doesn’t mention the unexp orted field identifiers, it’s really using
them implicitly, so it’s not allow ed.

St ruc t values can be passed as arguments to functions and retur ned fro m them. For ins tance,
this function scales a Point by a specified fac tor :

func Scale(p Point, factor int) Point {

return Point{p.X * factor, p.Y * factor}

}

fmt.Println(Scale(Point{1, 2}, 5)) // "{5 10}"

Fo r efficiency, larger str uct typ es are usu ally passed to or retur ned fro m func tions indirec tly
using a point er,

func Bonus(e *Employee, percent int) int {

return e.Salary * percent / 100

}

and this is required if the function must modif y its argument, since in a cal l-by-value langu age
li ke Go, the cal le d func tion receives only a copy of an argument, not a reference to the original
argument.

func AwardAnnualRaise(e *Employee) {

e.Salary = e.Salary * 105 / 100

}

Becaus e st ruc ts are so commonly dealt wit h thro ugh point ers, it’s possible to use this
shorthand notation to cre ate and initialize a struct var iable and obt ain its address:

pp := &Point{1, 2}

It is exac tly equivalent to
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pp := new(Point)

*pp = Point{1, 2}

but &Point{1, 2} can be used direc tly wit hin an expression, such as a function cal l.

4.4.2. Comparing Structs

If all the fields of a  str uct are comparable, the str uct its elf is comparable, so two expressions of
that typ e may be compare d using == or !=. The == op erat ion compares the cor responding
fields of the two str ucts in order, so the two print ed expressions below are equivalent:

type Point struct{ X, Y int }

p := Point{1, 2}

q := Point{2, 1}

fmt.Println(p.X == q.X && p.Y == q.Y) // "false"

fmt.Println(p == q) // "false"

Comp arable str uct typ es, li ke other comp arable typ es, may be used as the key typ e of a map.

type address struct {

hostname string

port int

}

hits := make(map[address]int)

hits[address{"golang.org", 443}]++

4.4.3. Struct Embedding and Anonymous Fields

In this sec tion, we’ll see how Go’s unu sual st ruc t embedding me chanism lets us use one named
st ruc t type as an an ony mou s fiel d of another str uct typ e, providing a convenient syntactic
shortcut so that a simple dot expression like x.f can stand for a chain of fields like x.d.e.f.

Consider a 2-D drawing program that provides a librar y of shapes, such as rec tangles, ellipses,
st ars, and whe els. Here are two of the typ es it mig ht define:

type Circle struct {

X, Y, Radius int

}

type Wheel struct {

X, Y, Radius, Spokes int

}

A Circle has fields for the X and Y co ordinates of its center, and a Radius. A Wheel has all the
fe atures of a Circle, plu s Spokes, the number of ins cribed radi al sp okes. Let’s cre ate a whe el:
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var w Wheel

w.X = 8

w.Y = 8

w.Radius = 5

w.Spokes = 20

As the set of shapes grows, we’re bound to not ice similarities and rep etit ion among them, so it
may be convenient to fac tor out their common par ts:

type Point struct {

X, Y int

}

type Circle struct {

Center Point

Radius int

}

type Wheel struct {

Circle Circle

Spokes int

}

The app lic ation may be cle arer for it, but this change makes accessing the fields of a Wheel

more verb ose:

var w Wheel

w.Circle.Center.X = 8

w.Circle.Center.Y = 8

w.Circle.Radius = 5

w.Spokes = 20

Go lets us declare a field wit h a typ e but no name; such fields are cal le d an ony mou s fiel ds. The
type of the field must be a named typ e or a point er to a named typ e. Below, Circle and Wheel

have one anony mou s field each. We say that a Point is embedded within Circle, and a
Circle is emb edde d within Wheel.

type Circle struct {

Point

Radius int

}

type Wheel struct {

Circle

Spokes int

}

Than ks to emb edding, we can refer to the names at the leaves of the imp licit tre e without
giving the int ervening names:
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var w Wheel

w.X = 8 // equivalent to w.Circle.Point.X = 8

w.Y = 8 // equivalent to w.Circle.Point.Y = 8

w.Radius = 5 // equivalent to w.Circle.Radius = 5

w.Spokes = 20

The explicit for ms shown in the comments above are still valid, how ever, showing that
‘‘anonymou s field’’ is som ething of a misnomer. The fields Circle and Point do have
names—that of the named typ e—but those names are opt ion al in dot expressions. We may
omit any or all of the anony mou s fields when selec ting their subfields.

Unfortunately, there’s no cor responding shorthand for the str uct lit eral synt ax, so neither of
thes e wi l l comp ile:

w = Wheel{8, 8, 5, 20} // compile error: unknown fields

w = Wheel{X: 8, Y: 8, Radius: 5, Spokes: 20} // compile error: unknown fields

The str uct lit eral must fol low the shap e of the typ e de clarat ion, so we must use one of the two
forms below, which are equivalent to each other :

gopl.io/ch4/embed

w = Wheel{Circle{Point{8, 8}, 5}, 20}

w = Wheel{

Circle: Circle{

Point: Point{X: 8, Y: 8},

Radius: 5,

},

Spokes: 20, // NOTE: trailing comma necessary here (and at Radius)

}

fmt.Printf("%#v\n", w)

// Output:

// Wheel{Circle:Circle{Point:Point{X:8, Y:8}, Radius:5}, Spokes:20}

w.X = 42

fmt.Printf("%#v\n", w)

// Output:

// Wheel{Circle:Circle{Point:Point{X:42, Y:8}, Radius:5}, Spokes:20}

No tice how the # adverb causes Printf’s %v verb to displ ay values in a for m simi lar to Go syn-
tax. For str uct values, this for m includes the name of each field.

Becaus e ‘‘anonymou s’’ fields do have imp licit names, you can’t have two anony mou s fields of
the same typ e since their names wou ld conflic t. And because the name of the field is imp lic-
it ly deter mined by its typ e, so too is the visibilit y of the field. In the examples abov e, the Point
and Circle anonymou s fields are exp orted. Had the y been unexp orted (point and circle),
we cou ld still use the shorthand for m

w.X = 8 // equivalent to w.circle.point.X = 8

but the explicit lon g form shown in the comment wou ld be forbidden outside the declaring
package because circle and point would be inaccessible.
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