
Lecture 17. Closures

1 . Review : What was our previous version of

function calling ?

Let add = Eun x -> Fury + x +

y
In add 3

↳ (Small Step B-reduction (

( Fonx →Fmy
→ xty ) 3

:

↳my+ 3 +

y The program is Changed:

IRL ,
It's hard and resource-heavy to always change

the program :

- In compiled language -> Change Machine Code
↳ JIT (Just in Time Compilation) ->

change machine code by happening on the fly
wery

hard to engineer such a system
- In dynamically interpreted languages ->



2. How are we actually implementing these ?

closure : a function (never changes
-+ evaluation fenpironment /changes

ー

depending on where the "function"
is created.

"definition site"

Who

Formally : ←

(XX .
e , p) where

P= y,
0
, yzt vz3 and

Y, , ..., yu are free variables in exe

皆舞;” km
」+品品 い

me
〜

Let fi = add 4 In E f 2 = 1x5継
9*上…

The same function bodydiff,



Lecture 17 .
Closures - Function Application

Agenda : 1. What is Cosme , Comparison to Fb

2
. JavaScript Closure

3
.

C++

4. Rust

5. Fo augmented with closure.

^

1 . What is Closma

Review wor did we do function call or abstractive

in Fb

sty些 : Fure xsFmy sxef" add3--"Adder : into int
,

result will be

- input + 3"

step?

up { Fun 図 →Fury )
3

replace x with 3

step34puy -> 3 +

y
-- adds3



Issue : we are performing code transformation each step
λ

G Compiled P rogramming Languages (C++, C ,
Rust

↳ the thing being executed : byte code Java)
ユ

↳ Memory (Static,gram . Stack , Kap)
Δ

G Bad !

↳ JIT /just-in-time - comparedonly (JS ,
Julia

㎡

↳ bytecode- optimization in 18 Google_
ー

↳ Good ! JS

Y
↳ Hard to get a JIT engine WebkinApple

↳ Interpreted ( Python) . -
E Mozilla

↳ AST manipulation
↳ okay but to

Let add = Fun x -> Fur y +Ay In

Let fl = add 1 In
add multiple times

Lef fz = add 3 In <

…



2. What isClosure :

ie, pey
tho

)

_

Function Environment {
_
—→~ Δ

env_

ー

e -> FV(e) = 3x3
Fun x →tmy →ty e is not closed
_

idd( Frysxey, { xD 33 )
〜 〜

] cimgexey. ( x - 4)d
same different
Code is not changed

Closure : (XX .
e

, p) where
…

p = S y ,
H V ,, yzt Vz

, . . .
, yn' Un3

w
다

{ y… Yn } = FV( λxe )
↑ ↑

Δ



(xx.e, p) v = etvi/yifor yilt vi iP][v/x ]

JavaScript : Interpreteda Handle during runtime

C+ + ? Compileda allow user to specify more

Rust : Compiled - Type Inference Engine

CIPS minuationPassing Style Programming

Javascript :

let add = (x) => &

yeturn (y) =9
return x +

y
;

}

}

add23) : (Cyl = Scetumx + y 3 .
&XH33)

1 . dynamically we collect the free variables in the scope



closure environment is just storing those that are

used

2. function pointer themselves are also in the env

just under a different group (scripts
3 .

variable liveliness - Garbage collection (GC) Handles

C++

male -
adderz

dxs c inty )
gnt
" w

二

⑫lofetime
returhyi
3 ↑

is still
slive ?

} 3 overwriting 3

た
s¤ 다
tσ (&x

)

3 + 3 や *(& x ) t yTimceudderX #(53)_

· = 6
main-

stopped after
returning

closure

X
is no

longer
alive



C+ Summary :

1. Without compilerhelp , you as programmer

need to specify captured variables

Treevariables(
_

and for each variable
, specify either

a capture by ref - save the ref inteur

b
. capture by value - copy the value

into enu

2. When we use capture by ref,

we need to pay attention tottiness of the
variable. We want the captured reference

to live longer than all the places where

the closure is invoked

eauto
[ & J .



Rust :

1 . Automatically capture by reference
2 lastline salysis

so that progres is

make sure that

captured ref outline closure


