N

Tall Ca”s (defn (sum n acc)

(if (= n 9)

cc

(sum (+ n -1) (+ acc n))))
7%\/\/‘\)

€2
Swmw /5D O
— ¢um 99 (0®°
* .
sub rsp, 8%*3 oot

J fun_body sum: ] —sum ©

mov rax, [rbp - 8*-2] // mov roaX, Yu
mov [rbp - 8*1], rax

E———

mov rax, ©
cmp Pax,‘T?bp - 8*1]
mov rax, 1
jne eq _exit 2
mov rax, 3
eq_exit 2:

cmp rax, 1
je label else 2 \
mov rax, [rbp - 8*-3] (j:) /VQD /’¢7f9/

jmp label_exit_2

label else 2: @ WW /@C

mov rax, [rbp - 8%*-2]
mov [rbp - 8*1], rax (i:)
mov rax, -2 n'l ﬁo G €, €, €,
add rax, [rb *]1
moV| [ rbp F 8*1] r‘a>]< <e)
: a & mov [rbp-8:spJ, o
mov-trax, [rbp - 8*-3] <€>
mov [rbp - 8*2], rax nt+acc oV Lrb’%@m)lf‘*
mov rax, [rbp - 8*%-2] " :
add ﬁg;, [rbp - 8%*2]
push rax mov [rbp + 24], rax
mov rcx, [rbp - 8*1] mov rcx, [rbp - 8*1]
Call | push rex mov [rbp + 161, rcx | Tail Call
call fun_start_sum jmp fun_body sum
add rsp, 8%*2

label exit_2:
mov rsp, rbp
pop rbp

ret



Tail Calls

(defn (sum n acc) (defn (fac n acc)
(if (= n 9) (if [(= n 0) f 1
acc acc T
(sum (+ n -1) (+ acc n)))) (if (= n 2)* ¢
(*12][(fac (+ n -1) (* acc n))J|
(sum input 0) (fac (+ n -1) (* acc n))
) 1
)
)

Which e can have tail call?

il= n
) true b ocle

false (ﬁw
input

x €,
(addl e)

(let (x €1) e2)

(+ el e2)

(= el e2)

(if el e2 e3)

(set x e)

(block el...en)

(loop @)

(break e)

(print e)

(calllge)

(ca112§el e2)

[+ j0 (et (xS (oeo)))
. ———~——~ S




Which calls are “tail-calls”?

fn compile expr(e: &Expr,env: &Stack, sp: usize, count: &mut i32; tr: bool,...) -> String {

match e {
Add1(subexpr) => compile expr(subexpr, env, sp, count, brk, , ) + ...,
Plus(el, e2) => { ‘
let el code = compile expr(el, env, sp, count, brk, , )3
let e2 code = compile expr(e2, env, sp + 1, count, brk, , )3
}
Eq(el, e2) => {
let el code = compile expr(el, env, sp, count, brk, , )3
let e2 code = compile expr(e2, env, sp + 1, count, brk, , )5
}
Let(x, el, e2) => {
let el code = compile_expr(el, env, sp, count, brk, , )3
let e2_code = compile_expr(e2, &newenv, sp+l, count, brk, ,tY» , )3
}
If(cnd, tbp, elg) => {
let cnd_code = compile_expr(cnd, env, sp, count, brk, , )3
let thn_code = compile_expr(thn, env, sp, count, brk, f1f , )3
let els_code = compile_expr(els, env, sp, count, brk, _t;/' > )5
}
Set(x, e) => {
let e _code = compile expr(e, env, sp, count, brk, faglﬁﬂL , )3
}
Block(es) => {
let = es.len();

—_—

let e _codes: Vec<String> = es.iter().enumerate()

.map(| (i, e)| compile_expr(e, env, sp, count, brk,(iérgg L:: n-1 > )

.collect();

}
Expr::Loop(e) => {

let e _code = compile_expr(e, env, sp, count, &loop_exit, (ZQ/(K , T);
}
Break(e) => {

let e code = compile_expr(e, env, sp, count, brk, , T);
}
Print(e) => {

let e code = compile_expr(e, env, sp, count, brk, , T);
}
Call2(f, el, e2) => {

let el code = compile_expr(el, env, sp, count, brk, fg ‘Q&i. , F);

> )5

let e2 code = compile _expr(e2, env, sp + 1, count, brk, (zllﬁstf




Calls: How much space for a stack frame?

fn compile def body(args: &[String], sp: usize, body: &Expr, count: &mut i32) -> String

{
let fun_entry

let body_code
let fun_exit

compile_entry(body, sp);

compile_exit();

format! ("{fun_entry} — @\l - - %We '_AQAA&

A_exit _> W%M ~%QAV\A'— LLV\dQILCQ

}

fn compile_entry(e: &Expr, sp: usize) -> String {
let vars = expr_\acsfe)—+—sp;
format! (['push Cgp

mov rbp, rsp

sub rsp, 8*{vars}")/

fn compile exit() -> String {
format! ("mov rsp, rbp
pop rbp
ret")

compile expr(body, &init_env(args), sp, count, "time_to_exit");
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Calls: How much space for a stack frame?

fn expr_vars(e: &Expr) -> usize {

match e {

Expr::Num(_) | Expr::Var(_) | Expr::Input | Expr::True | Expr::False

=>0

Expr::Addi(e) | Expr::Subl(e) | Expr::Neg(e) Expr::Set(_, e)

| Expr::Loop(e) | Expr::Break(e) | Expr::Print(e) | Expr::Calll(_, e)

ba Do cunlo!
> expros (€) F+ e e,) " kecyle
I
l(éd (x. (et (Lx; lL))
Expr::Call2(_, el, e}_) | Expr::let(_, el, e2) %“:;'3)) (_:5 3)
| Expr::Eq(el, e2) | Expr::Plus(el, e2) (;mﬂm) (K ()

NN C YourS (e,)—) 7+ vmg(eg) Xoo ) Yoo )

Expr::If(el, e2, e3)

=> (}’na)(( vaas (€) 9 VM(OL)y \/M(e-%))]

Expr::Block(es) éﬂ - €?VL,

T o (Vs - vars () )




Next: structured data!

expr := ... | (vec <expr> <expr>) | nil
| (vec-get <expr> 0) | (vec-get <expr> 1)

(defn (head 1) (vec-get 1 0))
(defn (tail 1) (vec-get 1 1))
(defn (inc xs)
(if (= xs nil)

nil

(vec (+ (head 1) 1) (inc (tail 1)))))

(inc (vec 10 (vec 20 nil)))

(defn (sum 1lst)
(let (total 0)

(loop
(if (= 1lst nil) (break total)
(block

(set! total (+ total (head 1st)))
(set! 1st (tail 1st)))))))

(sum (vec 1 (vec 2 (vec 3 nil))))

use std::env;

#[1link(name = "our_code")]
extern "C" {
#[1link_name = "\xO@lour_code_starts_here"]

fn our_code_starts_here(input : i64

}

#[no_mangle]
#[export_name = "\x0@lsnek_print"]
fn snek_print(val : i64) -> i64 {
if val == 3 { println!("true"); }
else if val == 1 { println!("false"); }

else if val % 2 == @ { println!("{}", val >> 1); }

else {
println!("Unknown value: {}", val);

}

return val;

}

fn parse_arg(v : &Vec<String>) -> i64 {
if v.len() < 2 { return 1 }
let s = &v[1];
if s == "true" { 3 }
else if s == "false" {1 }
else { s.parse::<i64>().unwrap() << 1 }

}

fn main() {
let args: Vec<String> = env::args().collect();
let input = parse_arg(&args);

let i : i64 = unsafe { our_code_starts_here(input, buffer) };

snek_print(i);

enum Expr {

Vec (Box<Expr>, Box<Expr>),
Nil,

Get(Box<Expr>, usize)

) -> i64; }




