
CMSC 430 - 20 Oct 2026
Compiling function definitions and calls

• Iniquity - Function definitions and calls

• designing a calling convention for Iniquity

• arity checking at run-time


• Jig - tail calls



CMSC 430 - 20 Oct 2026
Announcements

• Assignment 5 due tonight

• Assignment 6 due next Thursday

• Survey released after class, due by start of Thursday



Iniquity
(cont.)



Designing our own calling convention
Function calls are like “let at a distance”

#lang racket

(define (f x y)
(+ x y))

(f 3 4)
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#lang racket

(define (f x y)
(+ x y))

(f 3 4)
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#lang racket
(require a86)

(let ((x 3) (y 4))
(+ x y))

(define p
(seq (Global 'entry)

(Label 'entry)
(Mov 'rax 42)
(Push 'rax)
(Call 'g)
(Add 'rsp 8)
(Ret)

(Label 'f) ; (define (f) 42)
(Mov 'rax 42)
(Ret)

(Label 'g) ; (define (g x) (+ x x))
(Mov 'rax (Offset 'rsp 0)) ;; ??
(Add 'rax 'rax)
(Ret)))
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Except the code for f is not

part of the application expression

is like



Designing our own calling convention
A first attempt (doesn’t work)

#lang racket

(define (f x y)
(+ x y))

(f 3 4)
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10 (Push 3)

(Push 4)

(Call ‘f)

(Pop)

(Pop)

#lang racket

(define (f x y)
(+ x y))

(f 3 4)
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(Label ‘f)

(compile-e (parse ‘(+ x y)) ‘(y x)) 
(Ret) 

Idea: arguments passed on the stack,

return point after arguments,

caller pushes and pops



Designing our own calling convention
Same thing without Call (still doesn’t work)

(Push 3)

(Push 4)

(Lea ‘rax ‘r)

(Push ‘rax)

(Jmp ‘f)

(Label ‘r)

(Pop)

(Pop)

(Label ‘f)

(compile-e (parse ‘(+ x y)) ‘(y x)) 
(Ret) 

#lang racket

(define (f x y)
(+ x y))

(f 3 4)
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#lang racket

(define (f x y)
(+ x y))

(f 3 4)
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Idea: arguments passed on the stack,

return point after arguments,

caller pushes and pops



Designing our own calling convention
Return point before arguments (still doesn’t work)

(Lea ‘rax ‘r)

(Push ‘rax)

(Push 3)

(Push 4)

(Jmp ‘f)

(Label ‘r)

(Pop)

(Pop)

(Label ‘f)

(compile-e (parse ‘(+ x y)) ‘(y x)) 
(Ret) 


#lang racket

(define (f x y)
(+ x y))

(f 3 4)

1
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10

#lang racket

(define (f x y)
(+ x y))

(f 3 4)

1
2
3
4
5
6
7
8
9

10

Idea: arguments passed on the stack,

return point before arguments,

caller pushes and pops



Designing our own calling convention
Return point before arguments (works!)

(Lea ‘rax ‘r)

(Push ‘rax)

(Push 3)

(Push 4)

(Jmp ‘f)

(Label ‘r)


(Label ‘f)

(compile-e (parse ‘(+ x y)) ‘(y x)) 
(Pop)

(Pop)

(Ret)

#lang racket

(define (f x y)
(+ x y))

(f 3 4)

1
2
3
4
5
6
7
8
9

10

#lang racket

(define (f x y)
(+ x y))

(f 3 4)

1
2
3
4
5
6
7
8
9

10

Idea: arguments passed on the stack,

return point before arguments,

caller pushes, callee pops



Compiling function definitions

(Dq 0))]))

;; [Listof Defn] -> Asm
(define (compile-defines ds)
  (match ds
    ['() (seq)]
    [(cons d ds)
     (seq (compile-define d)
          (compile-defines ds))]))

;; Defn -> Asm
(define (compile-define d)
  (match d
    [(Defn f xs e)
     (seq (Label (symbol->label f))
          (Cmp r8 (length xs)) ; arity check
          (Jne 'err)
          (compile-e e (reverse xs))
          (Add rsp (* 8 (length xs))) ; pop args
          (Ret))]))

;; type CEnv = (Listof [Maybe Id])
;; Expr CEnv -> Asm
(define (compile-e e c)
  (match e
    [(Lit d) (compile-datum d)]
    [(Eof) (seq (Mov rax (value->bits eof)))]
    [(Var x) (compile-variable x c)]
    [(Prim0 p) (compile-prim0 p)]
    [(Prim1 p e) (compile-prim1 p e c)]
    [(Prim2 p e1 e2) (compile-prim2 p e1 e2 c)]
    [(Prim3 p e1 e2 e3) (compile-prim3 p e1 e2 e3
c)]
    [(If e1 e2 e3) (compile-if e1 e2 e3 c)]
    [(Begin e1 e2) (compile-begin e1 e2 c)]
    [(Let x e1 e2) (compile-let x e1 e2 c)]
    [(App f es) (compile-app f es c)]))

;; Datum -> Asm
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Compiling function applications

;; Expr Expr CEnv -> Asm
(define (compile-begin e1 e2 c)
  (seq (compile-e e1 c)
       (compile-e e2 c)))

;; Id Expr Expr CEnv -> Asm
(define (compile-let x e1 e2 c)
  (seq (compile-e e1 c)
       (Push rax)
       (compile-e e2 (cons x c))
       (Add rsp 8)))

;; Id [Listof Expr] CEnv -> Asm
;; The return address is placed above the arguments, so callee pops
;; arguments and return address is next frame
(define (compile-app f es c)
  (let ((r (gensym 'ret)))
    (seq (Lea rax r)
         (Push rax)
         (compile-es es (cons #f c))
         (Mov r8 (length es)) ; pass arity info
         (Jmp (symbol->label f))
         (Label r))))

;; [Listof Expr] CEnv -> Asm
(define (compile-es es c)
  (match es
    ['() '()]
    [(cons e es)
     (seq (compile-e e c)
          (Push rax)
          (compile-es es (cons #f c)))]))

;; Id CEnv -> Integer
(define (lookup x cenv)
  (match cenv
    ['() (error "undefined variable:" x)]
    [(cons y rest)
     (match (eq? x y)
       [#t 0]
       [#f (+ 8 (lookup x rest))])]))
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Compiling function arguments

;; Expr Expr CEnv -> Asm
(define (compile-begin e1 e2 c)
  (seq (compile-e e1 c)
       (compile-e e2 c)))

;; Id Expr Expr CEnv -> Asm
(define (compile-let x e1 e2 c)
  (seq (compile-e e1 c)
       (Push rax)
       (compile-e e2 (cons x c))
       (Add rsp 8)))

;; Id [Listof Expr] CEnv -> Asm
;; The return address is placed above the arguments, so callee pops
;; arguments and return address is next frame
(define (compile-app f es c)
  (let ((r (gensym 'ret)))
    (seq (Lea rax r)
         (Push rax)
         (compile-es es (cons #f c))
         (Mov r8 (length es)) ; pass arity info
         (Jmp (symbol->label f))
         (Label r))))

;; [Listof Expr] CEnv -> Asm
(define (compile-es es c)
  (match es
    ['() '()]
    [(cons e es)
     (seq (compile-e e c)
          (Push rax)
          (compile-es es (cons #f c)))]))

;; Id CEnv -> Integer
(define (lookup x cenv)
  (match cenv
    ['() (error "undefined variable:" x)]
    [(cons y rest)
     (match (eq? x y)
       [#t 0]
       [#f (+ 8 (lookup x rest))])]))
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Jig



Consider this program
#lang racket
(require a86)
(define value->bits #f)

(define (f x)
(if (zero? x)

0
(f (sub1 x))))

(f 100)

;; Morally:
(seq (Mov 'rax (value->bits 100))

(Lea 'r8 'ret1)
(Push 'r8)
(Push 'rax)
(Jmp 'f)
(Label 'ret1)

(Label 'f)
(Mov 'rax (Offset 'rsp 0))
(Cmp 'rax 0)
(Je 'done)
(Sub 'rax (value->bits 1))
(Lea 'r8 'ret2)
(Push 'r8)
(Push 'rax)
(Jmp 'f)
(Label 'ret2)
(Label 'done)
(Add 'rsp 8) ; pop x
(Ret))

'[

[ ret1 ]
[ 100 ]
[ ret2 ]
[ 99 ]
[ ret2 ]
[ 98 ]
...
[ ret2 ]
[ 1 ]
[ ret2 ]
[ 0 ]

]
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#lang racket
(require a86)
(define value->bits #f)

(define (f x)
(if (zero? x)

0
(f (sub1 x))))

(f 100)

;; Morally:
(seq (Mov 'rax (value->bits 100))

(Lea 'r8 'ret1)
(Push 'r8)
(Push 'rax)
(Jmp 'f)
(Label 'ret1)
(Ret)

(Label 'f)
(Mov 'rax (Offset 'rsp 0))
(Cmp 'rax 0)
(Je 'done)
(Sub 'rax (value->bits 1))
(Lea 'r8 'ret2)
(Push 'r8)
(Push 'rax)
(Jmp 'f)
(Label 'ret2)
(Label 'done)
(Add 'rsp 8) ; pop x
(Ret))

;; Morally:
(seq (Mov 'rax (value->bits 100))

(Lea 'r8 'ret1)
(Push 'r8)
(Push 'rax)
(Jmp 'f)
(Label 'ret1)
(Ret)

(Label 'f)
(Mov 'rax (Offset 'rsp 0))
(Cmp 'rax 0)
(Je 'done)
(Sub 'rax (value->bits 1))
(Lea 'r8 'ret2)
(Push 'r8) ; push return
(Push 'rax) ; push argument
(Jmp 'f)
(Label 'ret2)
(Label 'done)
(Add 'rsp 8) ; pop x
(Ret)
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A view of the stack

#lang racket
(require a86)
(define value->bits #f)

(define (f x)
(if (zero? x)

0
(f (sub1 x))))

(f 100)

;; Morally:
(seq (Mov 'rax (value->bits 100))

(Lea 'r8 'ret1)
(Push 'r8)
(Push 'rax)
(Jmp 'f)
(Label 'ret1)
(Ret)

(Label 'f)
(Mov 'rax (Offset 'rsp 0))
(Cmp 'rax 0)
(Je 'done)
(Sub 'rax (value->bits 1))
(Lea 'r8 'ret2)
(Push 'r8)
(Push 'rax)
(Jmp 'f)
(Label 'ret2)
(Label 'done)
(Add 'rsp 8) ; pop x
(Ret))

'[

[ ret1 ]
[ 100 ]
[ ret2 ]
[ 99 ]
[ ret2 ]
[ 98 ]

⋮
[ ret2 ]
[ 1 ]
[ ret2 ]
[ 0 ]

]
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#lang racket
(require a86)
(define value->bits #f)

(define (f x)
(if (zero? x)

0
(f (sub1 x))))

(f 100)

;; Morally:
(seq (Mov 'rax (value->bits 100))

(Lea 'r8 'ret1)
(Push 'r8)
(Push 'rax)
(Jmp 'f)
(Label 'ret1)
(Ret)

(Label 'f)
(Mov 'rax (Offset 'rsp 0))
(Cmp 'rax 0)
(Je 'done)
(Sub 'rax (value->bits 1))
(Lea 'r8 'ret2)
(Push 'r8)
(Push 'rax)
(Jmp 'f)
(Label 'ret2)
(Label 'done)
(Add 'rsp 8) ; pop x
(Ret))

;; Morally:
(seq (Mov 'rax (value->bits 100))

(Lea 'r8 'ret1)
(Push 'r8)
(Push 'rax)
(Jmp 'f)
(Label 'ret1)
(Ret)

(Label 'f)
(Mov 'rax (Offset 'rsp 0))
(Cmp 'rax 0)
(Je 'done)
(Sub 'rax (value->bits 1))
(Lea 'r8 'ret2)
(Push 'r8) ; push return
(Push 'rax) ; push argument
(Jmp 'f)
(Label 'ret2)
(Label 'done)
(Add 'rsp 8) ; pop x
(Ret)
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A view of the stack

#lang racket
(require a86)
(define value->bits #f)

(define (f x)
(if (zero? x)

0
(f (sub1 x))))

(f 100)

;; Morally:
(seq (Mov 'rax (value->bits 100))

(Lea 'r8 'ret1)
(Push 'r8)
(Push 'rax)
(Jmp 'f)
(Label 'ret1)
(Ret)

(Label 'f)
(Mov 'rax (Offset 'rsp 0))
(Cmp 'rax 0)
(Je 'done)
(Sub 'rax (value->bits 1))
(Lea 'r8 'ret2)
(Push 'r8)
(Push 'rax)
(Jmp 'f)
(Label 'ret2)
(Label 'done)
(Add 'rsp 8) ; pop x
(Ret))

'[

[ ret1 ]
[ 100 ]
[ ret2 ]
[ 99 ]
[ ret2 ]
[ 98 ]

⋮
[ ret2 ]
[ 1 ]
[ ret2 ]
[ 0 ]

]
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#lang racket
(require a86)
(define value->bits #f)

(define (f x)
(if (zero? x)

0
(f (sub1 x))))

(f 100)

;; Morally:
(seq (Mov 'rax (value->bits 100))

(Lea 'r8 'ret1)
(Push 'r8)
(Push 'rax)
(Jmp 'f)
(Label 'ret1)
(Ret)

(Label 'f)
(Mov 'rax (Offset 'rsp 0))
(Cmp 'rax 0)
(Je 'done)
(Sub 'rax (value->bits 1))
(Lea 'r8 'ret2)
(Push 'r8)
(Push 'rax)
(Jmp 'f)
(Label 'ret2)
(Label 'done)
(Add 'rsp 8) ; pop x
(Ret))

'[

[ ret1 ]
[ 100 ]
[ ret2 ]
[ 99 ]
[ ret2 ]
[ 98 ]

⋮
[ ret2 ]
[ 1 ]
[ ret2 ]
[ 0 ]

]
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#lang racket
(require a86)
(define value->bits #f)

(define (f x)
(if (zero? x)

0
(f (sub1 x))))

(f 100)

;; Morally:
(seq (Mov 'rax (value->bits 100))

(Lea 'r8 'ret1)
(Push 'r8)
(Push 'rax)
(Jmp 'f)
(Label 'ret1)
(Ret)

(Label 'f)
(Mov 'rax (Offset 'rsp 0))
(Cmp 'rax 0)
(Je 'done)
(Sub 'rax (value->bits 1))
(Lea 'r8 'ret2)
(Push 'r8)
(Push 'rax)
(Jmp 'f)
(Label 'ret2)
(Label 'done)
(Add 'rsp 8) ; pop x
(Ret))

'[

[ ret1 ]
[ 100 ]
[ ret2 ]
[ 99 ]
[ ret2 ]
[ 98 ]

⋮
[ ret2 ]
[ 1 ]
[ ret2 ]
[ 0 ]

]
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#lang racket
(require a86)
(define value->bits #f)

(define (f x)
(if (zero? x)

0
(f (sub1 x))))

(f 100)

;; Morally:
(seq (Mov 'rax (value->bits 100))

(Lea 'r8 'ret1)
(Push 'r8)
(Push 'rax)
(Jmp 'f)
(Label 'ret1)
(Ret)

(Label 'f)
(Mov 'rax (Offset 'rsp 0))
(Cmp 'rax 0)
(Je 'done)
(Sub 'rax (value->bits 1))
(Lea 'r8 'ret2)
(Push 'r8)
(Push 'rax)
(Jmp 'f)
(Label 'ret2)
(Label 'done)
(Add 'rsp 8) ; pop x
(Ret))

'[

[ ret1 ]
[ 100 ]
[ ret2 ]
[ 99 ]
[ ret2 ]
[ 98 ]

⋮
[ ret2 ]
[ 1 ]
[ ret2 ]
[ 0 ]

]
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#lang racket
(require a86)
(define value->bits #f)

(define (f x)
(if (zero? x)

0
(f (sub1 x))))

(f 100)

;; Morally:
(seq (Mov 'rax (value->bits 100))

(Lea 'r8 'ret1)
(Push 'r8)
(Push 'rax)
(Jmp 'f)
(Label 'ret1)
(Ret)

(Label 'f)
(Mov 'rax (Offset 'rsp 0))
(Cmp 'rax 0)
(Je 'done)
(Sub 'rax (value->bits 1))
(Lea 'r8 'ret2)
(Push 'r8)
(Push 'rax)
(Jmp 'f)
(Label 'ret2)
(Label 'done)
(Add 'rsp 8) ; pop x
(Ret))

'[

[ ret1 ]
[ 100 ]
[ ret2 ]
[ 99 ]
[ ret2 ]
[ 98 ]

⋮
[ ret2 ]
[ 1 ]
[ ret2 ]
[ 0 ]

]
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… …

#lang racket
(require a86)
(define value->bits #f)

(define (f x)
(if (zero? x)

0
(f (sub1 x))))

(f 100)

;; Morally:
(seq (Mov 'rax (value->bits 100))

(Lea 'r8 'ret1)
(Push 'r8)
(Push 'rax)
(Jmp 'f)
(Label 'ret1)
(Ret)

(Label 'f)
(Mov 'rax (Offset 'rsp 0))
(Cmp 'rax 0)
(Je 'done)
(Sub 'rax (value->bits 1))
(Lea 'r8 'ret2)
(Push 'r8)
(Push 'rax)
(Jmp 'f)
(Label 'ret2)
(Label 'done)
(Add 'rsp 8) ; pop x
(Ret))

;; Morally:
(seq (Mov 'rax (value->bits 100))

(Lea 'r8 'ret1)
(Push 'r8)
(Push 'rax)
(Jmp 'f)
(Label 'ret1)
(Ret)

(Label 'f)
(Mov 'rax (Offset 'rsp 0))
(Cmp 'rax 0)
(Je 'done)
(Sub 'rax (value->bits 1))
(Lea 'r8 'ret2)
(Push 'r8) ; push return
(Push 'rax) ; push argument
(Jmp 'f)
(Label 'ret2)
(Label 'done)
(Add 'rsp 8) ; pop x
(Ret)
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A view of the stack
#lang racket
(require a86)
(define value->bits #f)

(define (f x)
(if (zero? x)

0
(f (sub1 x))))

(f 100)

;; Morally:
(seq (Mov 'rax (value->bits 100))

(Lea 'r8 'ret1)
(Push 'r8)
(Push 'rax)
(Jmp 'f)
(Label 'ret1)

(Label 'f)
(Mov 'rax (Offset 'rsp 0))
(Cmp 'rax 0)
(Je 'done)
(Sub 'rax (value->bits 1))
(Lea 'r8 'ret2)
(Push 'r8)
(Push 'rax)
(Jmp 'f)
(Label 'ret2)
(Label 'done)
(Add 'rsp 8) ; pop x
(Ret))

'[

[ ret1 ]
[ 100 ]
[ ret2 ]
[ 99 ]
[ ret2 ]
[ 98 ]
...
[ ret2 ]
[ 1 ]
[ ret2 ]
[ 0 ]

]
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Call with a return label so that we can pop off x and return….


But we’re done with x.  What if we popped first?

#lang racket
(require a86)
(define value->bits #f)

(define (f x)
(if (zero? x)

0
(f (sub1 x))))

(f 100)

;; Morally:
(seq (Mov 'rax (value->bits 100))

(Lea 'r8 'ret1)
(Push 'r8)
(Push 'rax)
(Jmp 'f)
(Label 'ret1)
(Ret)

(Label 'f)
(Mov 'rax (Offset 'rsp 0))
(Cmp 'rax 0)
(Je 'done)
(Sub 'rax (value->bits 1))
(Lea 'r8 'ret2)
(Push 'r8)
(Push 'rax)
(Jmp 'f)
(Label 'ret2)
(Label 'done)
(Add 'rsp 8) ; pop x
(Ret))

;; Morally:
(seq (Mov 'rax (value->bits 100))

(Lea 'r8 'ret1)
(Push 'r8)
(Push 'rax)
(Jmp 'f)
(Label 'ret1)
(Ret)

(Label 'f)
(Mov 'rax (Offset 'rsp 0))
(Cmp 'rax 0)
(Je 'done)
(Sub 'rax (value->bits 1))
(Lea 'r8 'ret2)
(Push 'r8) ; push return
(Push 'rax) ; push argument
(Jmp 'f)
(Label 'ret2)
(Label 'done)
(Add 'rsp 8) ; pop x
(Ret)
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Pop before call

Call with a return label so that we can pop off x and return….


But we’re done with x.  What if we popped first?

#lang racket
(require a86)
(define value->bits #f)

(define (f x)
(if (zero? x)

0
(f (sub1 x))))

(f 100)

;; Morally:
(seq (Mov 'rax (value->bits 100))

(Lea 'r8 'ret1)
(Push 'r8)
(Push 'rax)
(Jmp 'f)
(Label 'ret1)
(Ret)

(Label 'f)
(Mov 'rax (Offset 'rsp 0))
(Cmp 'rax 0)
(Je 'done)
(Sub 'rax (value->bits 1))
(Lea 'r8 'ret2)
(Push 'r8)
(Push 'rax)
(Jmp 'f)
(Label 'ret2)
(Label 'done)
(Add 'rsp 8) ; pop x
(Ret))

;; Morally:
(seq (Mov 'rax (value->bits 100))

(Lea 'r8 'ret1)
(Push 'r8)
(Push 'rax)
(Jmp 'f)
(Label 'ret1)
(Ret)

(Label 'f)
(Mov 'rax (Offset 'rsp 0))
(Cmp 'rax 0)
(Je 'done)
(Sub 'rax (value->bits 1))
(Lea 'r8 'ret2)
(Push 'r8) ; push return
(Push 'rax) ; push argument
(Jmp 'f)
(Label 'ret2)
(Label 'done)
(Add 'rsp 8) ; pop x
(Ret)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58

(Lea 'r8 'ret2)
(Push 'r8) ; push return
(Push 'rax) ; push argument
(Add 'rsp 8) ; pop x
(Jmp 'f)
(Label 'ret2)
(Label 'done)
(Ret)

(Lea 'r8 'ret2)
(Push 'r8) ; push return
(Add 'rsp 8) ; pop x
(Push 'rax) ; push argument
(Jmp 'f)
(Label 'ret2)
(Label 'done)
(Ret)

(Add 'rsp 8) ; pop x
(Lea 'r8 'ret2)
(Push 'r8) ; push return
(Push 'rax) ; push argument
(Jmp 'f)
(Label 'ret2)
(Label 'done)
(Ret)

)

'[ ⋯

[ ret1 ]
[ 100 ]
[ ret2 ]
[ 99 ]
[ ret2 ]
[ 98 ]

⋮
[ ret2 ]
[ 1 ]
[ ret2 ]
[ 0 ]

]

59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108

🫣



Pop before call

Call with a return label so that we can pop off x and return….


But we’re done with x.  What if we popped first?

#lang racket
(require a86)
(define value->bits #f)

(define (f x)
(if (zero? x)

0
(f (sub1 x))))

(f 100)

;; Morally:
(seq (Mov 'rax (value->bits 100))

(Lea 'r8 'ret1)
(Push 'r8)
(Push 'rax)
(Jmp 'f)
(Label 'ret1)
(Ret)

(Label 'f)
(Mov 'rax (Offset 'rsp 0))
(Cmp 'rax 0)
(Je 'done)
(Sub 'rax (value->bits 1))
(Lea 'r8 'ret2)
(Push 'r8)
(Push 'rax)
(Jmp 'f)
(Label 'ret2)
(Label 'done)
(Add 'rsp 8) ; pop x
(Ret))

;; Morally:
(seq (Mov 'rax (value->bits 100))

(Lea 'r8 'ret1)
(Push 'r8)
(Push 'rax)
(Jmp 'f)
(Label 'ret1)
(Ret)

(Label 'f)
(Mov 'rax (Offset 'rsp 0))
(Cmp 'rax 0)
(Je 'done)
(Sub 'rax (value->bits 1))
(Lea 'r8 'ret2)
(Push 'r8) ; push return
(Push 'rax) ; push argument
(Jmp 'f)
(Label 'ret2)
(Label 'done)
(Add 'rsp 8) ; pop x
(Ret)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58

🫣

(Lea 'r8 'ret2)
(Push 'r8) ; push return
(Push 'rax) ; push argument
(Add 'rsp 8) ; pop x
(Jmp 'f)
(Label 'ret2)
(Label 'done)
(Ret)

(Lea 'r8 'ret2)
(Push 'r8) ; push return
(Add 'rsp 8) ; pop x
(Push 'rax) ; push argument
(Jmp 'f)
(Label 'ret2)
(Label 'done)
(Ret)

(Add 'rsp 8) ; pop x
(Lea 'r8 'ret2)
(Push 'r8) ; push return
(Push 'rax) ; push argument
(Jmp 'f)
(Label 'ret2)
(Label 'done)
(Ret)

)

'[ ⋯

[ ret1 ]
[ 100 ]
[ ret2 ]
[ 99 ]
[ ret2 ]
[ 98 ]

⋮
[ ret2 ]
[ 1 ]
[ ret2 ]
[ 0 ]

]

59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108



Pop before call

Call with a return label so that we can pop off x and return….


But we’re done with x.  What if we popped first?

#lang racket
(require a86)
(define value->bits #f)

(define (f x)
(if (zero? x)

0
(f (sub1 x))))

(f 100)

;; Morally:
(seq (Mov 'rax (value->bits 100))

(Lea 'r8 'ret1)
(Push 'r8)
(Push 'rax)
(Jmp 'f)
(Label 'ret1)
(Ret)

(Label 'f)
(Mov 'rax (Offset 'rsp 0))
(Cmp 'rax 0)
(Je 'done)
(Sub 'rax (value->bits 1))
(Lea 'r8 'ret2)
(Push 'r8)
(Push 'rax)
(Jmp 'f)
(Label 'ret2)
(Label 'done)
(Add 'rsp 8) ; pop x
(Ret))

;; Morally:
(seq (Mov 'rax (value->bits 100))

(Lea 'r8 'ret1)
(Push 'r8)
(Push 'rax)
(Jmp 'f)
(Label 'ret1)
(Ret)

(Label 'f)
(Mov 'rax (Offset 'rsp 0))
(Cmp 'rax 0)
(Je 'done)
(Sub 'rax (value->bits 1))
(Lea 'r8 'ret2)
(Push 'r8) ; push return
(Push 'rax) ; push argument
(Jmp 'f)
(Label 'ret2)
(Label 'done)
(Add 'rsp 8) ; pop x
(Ret)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
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(Ret))

;; Revised:
(seq (Mov 'rax (value->bits 100))

(Lea 'r8 'ret1)
(Push 'r8)
(Push 'rax)
(Jmp 'f)
(Label 'ret1)
(Ret)

(Label 'f)
(Mov 'rax (Offset 'rsp 0))
(Add 'rsp 8) ; pop x
(Cmp 'rax 0)
(Je 'done)
(Sub 'rax (value->bits 1))
(Lea 'r8 'ret2)
(Push 'r8) ; push return
(Push 'rax) ; push argument
(Jmp 'f)
(Label 'ret2)
(Label 'done)
(Ret)

(Lea 'r8 'ret2)
(Push 'r8) ; push return
(Push 'rax) ; push argument
(Add 'rsp 8) ; pop x
(Jmp 'f)
(Label 'ret2)

34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66



Revised view of the stack

[ ret1 ]
[ 100 ]
[ ret2 ]
[ 99 ]
[ ret2 ]
[ 98 ]

⋮
[ ret2 ]
[ 1 ]
[ ret2 ]
[ 0 ]

[ ret1 ]
[ 100 ]

[ ret1 ]
[ ret2 ]
[ 99 ]

[ ret1 ]
[ ret2 ]
[ ret2 ]

⋮
[ ret2 ]
[ ret2 ]
[ 0 ]

[ ret1 ]

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132

[ ret1 ]
[ 100 ]
[ ret2 ]
[ 99 ]
[ ret2 ]
[ 98 ]

⋮
[ ret2 ]
[ 1 ]
[ ret2 ]
[ 0 ]

[ ret1 ]
[ 100 ]

[ ret1 ]
[ ret2 ]
[ 99 ]

[ ret1 ]
[ ret2 ]
[ ret2 ]

⋮
[ ret2 ]
[ ret2 ]
[ 0 ]

[ ret1 ]

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132

[ ret1 ]
[ 100 ]
[ ret2 ]
[ 99 ]
[ ret2 ]
[ 98 ]

⋮
[ ret2 ]
[ 1 ]
[ ret2 ]
[ 0 ]

[ ret1 ]
[ 100 ]

[ ret1 ]
[ ret2 ]
[ 99 ]

[ ret1 ]
[ ret2 ]
[ ret2 ]

⋮
[ ret2 ]
[ ret2 ]
[ 0 ]

[ ret1 ]

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132

(Ret))

;; Revised:
(seq (Mov 'rax (value->bits 100))

(Lea 'r8 'ret1)
(Push 'r8)
(Push 'rax)
(Jmp 'f)
(Label 'ret1)
(Ret)

(Label 'f)
(Mov 'rax (Offset 'rsp 0))
(Add 'rsp 8) ; pop x
(Cmp 'rax 0)
(Je 'done)
(Sub 'rax (value->bits 1))
(Lea 'r8 'ret2)
(Push 'r8) ; push return
(Push 'rax) ; push argument
(Jmp 'f)
(Label 'ret2)
(Label 'done)
(Ret)

(Lea 'r8 'ret2)
(Push 'r8) ; push return
(Push 'rax) ; push argument
(Add 'rsp 8) ; pop x
(Jmp 'f)
(Label 'ret2)

34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66

[ ret1 ]
[ 100 ]
[ ret2 ]
[ 99 ]
[ ret2 ]
[ 98 ]

⋮
[ ret2 ]
[ 1 ]
[ ret2 ]
[ 0 ]

[ ret1 ]
[ 100 ]

[ ret1 ]
[ ret2 ]
[ 99 ]

[ ret1 ]
[ ret2 ]
[ ret2 ]

⋮
[ ret2 ]
[ ret2 ]
[ 0 ]

[ ret1 ]

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132

[ ret1 ]
[ 100 ]
[ ret2 ]
[ 99 ]
[ ret2 ]
[ 98 ]

⋮
[ ret2 ]
[ 1 ]
[ ret2 ]
[ 0 ]

[ ret1 ]
[ 100 ]

[ ret1 ]
[ ret2 ]
[ 99 ]

[ ret1 ]
[ ret2 ]
[ ret2 ]

⋮
[ ret2 ]
[ ret2 ]
[ 0 ]

[ ret1 ]

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132

[ ret1 ]
[ 100 ]
[ ret2 ]
[ 99 ]
[ ret2 ]
[ 98 ]

⋮
[ ret2 ]
[ 1 ]
[ ret2 ]
[ 0 ]

[ ret1 ]
[ 100 ]

[ ret1 ]
[ ret2 ]
[ 99 ]

[ ret1 ]
[ ret2 ]
[ ret2 ]

⋮
[ ret2 ]
[ ret2 ]
[ 0 ]

[ ret1 ]

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132

… …



Returning just to return

Pushes a return point so that when control returns, we can return 
to the caller.


What if we just didn’t?

[ ret1 ]
[ 100 ]
[ ret2 ]
[ 99 ]
[ ret2 ]
[ 98 ]

⋮
[ ret2 ]
[ 1 ]
[ ret2 ]
[ 0 ]

[ ret1 ]
[ 100 ]

[ ret1 ]
[ ret2 ]
[ 99 ]

[ ret1 ]
[ ret2 ]
[ ret2 ]

⋮
[ ret2 ]
[ ret2 ]
[ 0 ]

[ ret1 ]

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132

[ ret1 ]
[ 100 ]
[ ret2 ]
[ 99 ]
[ ret2 ]
[ 98 ]

⋮
[ ret2 ]
[ 1 ]
[ ret2 ]
[ 0 ]

[ ret1 ]
[ 100 ]

[ ret1 ]
[ ret2 ]
[ 99 ]

[ ret1 ]
[ ret2 ]
[ ret2 ]

⋮
[ ret2 ]
[ ret2 ]
[ 0 ]

[ ret1 ]

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132

[ ret1 ]
[ 100 ]
[ ret2 ]
[ 99 ]
[ ret2 ]
[ 98 ]

⋮
[ ret2 ]
[ 1 ]
[ ret2 ]
[ 0 ]

[ ret1 ]
[ 100 ]

[ ret1 ]
[ ret2 ]
[ 99 ]

[ ret1 ]
[ ret2 ]
[ ret2 ]

⋮
[ ret2 ]
[ ret2 ]
[ 0 ]

[ ret1 ]

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132

[ ret1 ]
[ 100 ]
[ ret2 ]
[ 99 ]
[ ret2 ]
[ 98 ]

⋮
[ ret2 ]
[ 1 ]
[ ret2 ]
[ 0 ]

[ ret1 ]
[ 100 ]

[ ret1 ]
[ ret2 ]
[ 99 ]

[ ret1 ]
[ ret2 ]
[ ret2 ]

⋮
[ ret2 ]
[ ret2 ]
[ 0 ]

[ ret1 ]

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132

[ ret1 ]
[ 100 ]
[ ret2 ]
[ 99 ]
[ ret2 ]
[ 98 ]

⋮
[ ret2 ]
[ 1 ]
[ ret2 ]
[ 0 ]

[ ret1 ]
[ 100 ]

[ ret1 ]
[ ret2 ]
[ 99 ]

[ ret1 ]
[ ret2 ]
[ ret2 ]

⋮
[ ret2 ]
[ ret2 ]
[ 0 ]

[ ret1 ]

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132

[ ret1 ]
[ 100 ]
[ ret2 ]
[ 99 ]
[ ret2 ]
[ 98 ]

⋮
[ ret2 ]
[ 1 ]
[ ret2 ]
[ 0 ]

[ ret1 ]
[ 100 ]

[ ret1 ]
[ ret2 ]
[ 99 ]

[ ret1 ]
[ ret2 ]
[ ret2 ]

⋮
[ ret2 ]
[ ret2 ]
[ 0 ]

[ ret1 ]

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132

… …

(Ret))

;; Revised:
(seq (Mov 'rax (value->bits 100))

(Lea 'r8 'ret1)
(Push 'r8)
(Push 'rax)
(Jmp 'f)
(Label 'ret1)
(Ret)

(Label 'f)
(Mov 'rax (Offset 'rsp 0))
(Add 'rsp 8) ; pop x
(Cmp 'rax 0)
(Je 'done)
(Sub 'rax (value->bits 1))
(Lea 'r8 'ret2)
(Push 'r8) ; push return
(Push 'rax) ; push argument
(Jmp 'f)
(Label 'ret2)
(Label 'done)
(Ret)

(Lea 'r8 'ret2)
(Push 'r8) ; push return
(Push 'rax) ; push argument
(Add 'rsp 8) ; pop x
(Jmp 'f)
(Label 'ret2)

34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66

[ ret2 ]
[ 99 ]
[ ret2 ]
[ 98 ]

⋮
[ ret2 ]
[ 1 ]
[ ret2 ]
[ 0 ]

[ ret1 ]
[ 100 ]

[ ret1 ]
[ 99 ]

[ ret1 ]
[ 98 ]

[ ret1 ]
[ 1 ]

[ ret1 ]
[ 0 ]

133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165

[ ret2 ]
[ 99 ]
[ ret2 ]
[ 98 ]

⋮
[ ret2 ]
[ 1 ]
[ ret2 ]
[ 0 ]

[ ret1 ]
[ 100 ]

[ ret1 ]
[ 99 ]

[ ret1 ]
[ 98 ]

[ ret1 ]
[ 1 ]

[ ret1 ]
[ 0 ]

133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165

…

[ ret2 ]
[ 99 ]
[ ret2 ]
[ 98 ]

⋮
[ ret2 ]
[ 1 ]
[ ret2 ]
[ 0 ]

[ ret1 ]
[ 100 ]

[ ret1 ]
[ 99 ]

[ ret1 ]
[ 98 ]

[ ret1 ]
[ 1 ]

[ ret1 ]
[ 0 ]

133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165



Tail calls (asymptotically) save SPACE

[ ret2 ]
[ 99 ]
[ ret2 ]
[ 98 ]

⋮
[ ret2 ]
[ 1 ]
[ ret2 ]
[ 0 ]

[ ret1 ]
[ 100 ]

[ ret1 ]
[ 99 ]

[ ret1 ]
[ 98 ]

[ ret1 ]
[ 1 ]

[ ret1 ]
[ 0 ]

133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165

[ ret2 ]
[ 99 ]
[ ret2 ]
[ 98 ]

⋮
[ ret2 ]
[ 1 ]
[ ret2 ]
[ 0 ]

[ ret1 ]
[ 100 ]

[ ret1 ]
[ 99 ]

[ ret1 ]
[ 98 ]

[ ret1 ]
[ 1 ]

[ ret1 ]
[ 0 ]

133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165

…

[ ret2 ]
[ 99 ]
[ ret2 ]
[ 98 ]

⋮
[ ret2 ]
[ 1 ]
[ ret2 ]
[ 0 ]

[ ret1 ]
[ 100 ]

[ ret1 ]
[ 99 ]

[ ret1 ]
[ 98 ]

[ ret1 ]
[ 1 ]

[ ret1 ]
[ 0 ]

133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165

#lang racket
(require a86)
(define value->bits #f)

(define (f x)
(if (zero? x)

0
(f (sub1 x))))

(f 100)

;; Morally:
(seq (Mov 'rax (value->bits 100))

(Lea 'r8 'ret1)
(Push 'r8)
(Push 'rax)
(Jmp 'f)
(Label 'ret1)
(Ret)

(Label 'f)
(Mov 'rax (Offset 'rsp 0))
(Cmp 'rax 0)
(Je 'done)
(Sub 'rax (value->bits 1))
(Lea 'r8 'ret2)
(Push 'r8)
(Push 'rax)
(Jmp 'f)
(Label 'ret2)
(Label 'done)
(Add 'rsp 8) ; pop x
(Ret))

'[

[ ret1 ]
[ 100 ]
[ ret2 ]
[ 99 ]
[ ret2 ]
[ 98 ]

⋮
[ ret2 ]
[ 1 ]
[ ret2 ]
[ 0 ]

]

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

#lang racket
(require a86)
(define value->bits #f)

(define (f x)
(if (zero? x)

0
(f (sub1 x))))

(f 100)

;; Morally:
(seq (Mov 'rax (value->bits 100))

(Lea 'r8 'ret1)
(Push 'r8)
(Push 'rax)
(Jmp 'f)
(Label 'ret1)
(Ret)

(Label 'f)
(Mov 'rax (Offset 'rsp 0))
(Cmp 'rax 0)
(Je 'done)
(Sub 'rax (value->bits 1))
(Lea 'r8 'ret2)
(Push 'r8)
(Push 'rax)
(Jmp 'f)
(Label 'ret2)
(Label 'done)
(Add 'rsp 8) ; pop x
(Ret))

'[

[ ret1 ]
[ 100 ]
[ ret2 ]
[ 99 ]
[ ret2 ]
[ 98 ]

⋮
[ ret2 ]
[ 1 ]
[ ret2 ]
[ 0 ]

]

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

#lang racket
(require a86)
(define value->bits #f)

(define (f x)
(if (zero? x)

0
(f (sub1 x))))

(f 100)

;; Morally:
(seq (Mov 'rax (value->bits 100))

(Lea 'r8 'ret1)
(Push 'r8)
(Push 'rax)
(Jmp 'f)
(Label 'ret1)
(Ret)

(Label 'f)
(Mov 'rax (Offset 'rsp 0))
(Cmp 'rax 0)
(Je 'done)
(Sub 'rax (value->bits 1))
(Lea 'r8 'ret2)
(Push 'r8)
(Push 'rax)
(Jmp 'f)
(Label 'ret2)
(Label 'done)
(Add 'rsp 8) ; pop x
(Ret))

'[

[ ret1 ]
[ 100 ]
[ ret2 ]
[ 99 ]
[ ret2 ]
[ 98 ]

⋮
[ ret2 ]
[ 1 ]
[ ret2 ]
[ 0 ]

]

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

#lang racket
(require a86)
(define value->bits #f)

(define (f x)
(if (zero? x)

0
(f (sub1 x))))

(f 100)

;; Morally:
(seq (Mov 'rax (value->bits 100))

(Lea 'r8 'ret1)
(Push 'r8)
(Push 'rax)
(Jmp 'f)
(Label 'ret1)
(Ret)

(Label 'f)
(Mov 'rax (Offset 'rsp 0))
(Cmp 'rax 0)
(Je 'done)
(Sub 'rax (value->bits 1))
(Lea 'r8 'ret2)
(Push 'r8)
(Push 'rax)
(Jmp 'f)
(Label 'ret2)
(Label 'done)
(Add 'rsp 8) ; pop x
(Ret))

'[

[ ret1 ]
[ 100 ]
[ ret2 ]
[ 99 ]
[ ret2 ]
[ 98 ]

⋮
[ ret2 ]
[ 1 ]
[ ret2 ]
[ 0 ]

]

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

#lang racket
(require a86)
(define value->bits #f)

(define (f x)
(if (zero? x)

0
(f (sub1 x))))

(f 100)

;; Morally:
(seq (Mov 'rax (value->bits 100))

(Lea 'r8 'ret1)
(Push 'r8)
(Push 'rax)
(Jmp 'f)
(Label 'ret1)
(Ret)

(Label 'f)
(Mov 'rax (Offset 'rsp 0))
(Cmp 'rax 0)
(Je 'done)
(Sub 'rax (value->bits 1))
(Lea 'r8 'ret2)
(Push 'r8)
(Push 'rax)
(Jmp 'f)
(Label 'ret2)
(Label 'done)
(Add 'rsp 8) ; pop x
(Ret))

'[

[ ret1 ]
[ 100 ]
[ ret2 ]
[ 99 ]
[ ret2 ]
[ 98 ]

⋮
[ ret2 ]
[ 1 ]
[ ret2 ]
[ 0 ]

]

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

… …Non-tail call:

Tail call:

(saving space may save time too)



Key idea
Some calls don’t need to be returned to

When a function call doesn’t need to be returned to:

• Pop local environment

• Push arguments

• Jump



When can’t you do this?
When there’s work to do after the call
#lang racket
(require a86)
(define value->bits #f)

(define (f x)
(if (zero? x)

0
(f (sub1 x))))

(f 100)

(define (g x)
(if (zero? x)

0
(add1 (g (sub1 x)))))

(g 100)

;; Morally:
(seq (Mov 'rax (value->bits 100))

(Lea 'r8 'ret1)
(Push 'r8)
(Push 'rax)
(Jmp 'f)
(Label 'ret1)
(Ret)

(Label 'f)
(Mov 'rax (Offset 'rsp 0))
(Cmp 'rax 0)

1
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4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

#lang racket
(require a86)
(define value->bits #f)

(define (f x)
(if (zero? x)

0
(f (sub1 x))))

(f 100)

(define (g x)
(if (zero? x)

0
(add1 (g (sub1 x)))))

(g 100)

;; Morally:
(seq (Mov 'rax (value->bits 100))

(Lea 'r8 'ret1)
(Push 'r8)
(Push 'rax)
(Jmp 'f)
(Label 'ret1)
(Ret)

(Label 'f)
(Mov 'rax (Offset 'rsp 0))
(Cmp 'rax 0)

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

✅ 🚫



Sometimes you can rewrite to enable tail calls
So there’s no work to do after the call

#lang racket
(require a86)
(define value->bits #f)

(define (f x)
(if (zero? x)

0
(f (sub1 x))))

(f 100)

(define (g x)
(if (zero? x)

0
(add1 (g (sub1 x)))))

(g 100)

;; Morally:
(seq (Mov 'rax (value->bits 100))

(Lea 'r8 'ret1)
(Push 'r8)
(Push 'rax)
(Jmp 'f)
(Label 'ret1)
(Ret)

(Label 'f)
(Mov 'rax (Offset 'rsp 0))
(Cmp 'rax 0)

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

🚫

#lang racket
(require a86)
(define value->bits #f)

(define (f x)
(if (zero? x)

0
(f (sub1 x))))

(f 100)

#;
(define (g x)

(if (zero? x)
0
(add1 (g (sub1 x)))))

(g 100)

(define (g x)
(g/a x 0))

(define (g/a x a)
(if (zero? x)

a
(g/a (sub1 x) (add1 a))))

(g 100)

1
2
3
4
5
6
7
8
9

10
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13
14
15
16
17
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28
29
30
31
32
33

✅

✅



Sometimes you can rewrite to enable tail calls
So there’s no work to do after the call

🚫

✅

✅

(define (reverse xs)
(match xs

['() '()]
[(cons x xs)
(append (reverse xs)

(list x))]))

(define (rev xs)
(rev-append xs '()))

;; (rev-append xs ys)
;; ≡ (append (reverse xs) ys)
(define (rev-append xs ys)

(match xs
['() ys]
[(cons x xs)
(rev-append xs (cons x ys))]))

;; Morally:
(seq (Mov 'rax (value->bits 100))

(Lea 'r8 'ret1)

34
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47
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52
53
54
55
56
57
58
59
60
61
62
63
64
65
66

#;
(define (reverse xs)

(match xs
['() '()]
[(cons x xs)
(append (reverse xs)

(list x))]))

(define (reverse xs)
(append-reverse xs '()))

;; (append-reverse xs ys)
;; ≡ (append (reverse xs) ys)
(define (append-reverse xs ys)

(match xs
['() ys]
[(cons x xs)
(append-reverse xs (cons x ys))]))

;; Morally:
(seq (Mov 'rax (value->bits 100))

(Lea 'r8 'ret1)

34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66



DrRacket will show you tail positions
Hover over a function definition

Any function call in these 
positions is a tail call.



When does a call not need to be returned to?
When it occurs in tail position

(define (f x ...) <tail>)

<tail> ::=
(if e1 <tail> e3)
(if e1 e2 <tail>)
(let ((x e)) <tail>)
(begin e <tail>)
(f e1 ...)

(define e1 1)
(define e2 2)
(define e3 3)
(define ... 1)

(define ::= 1)

(define e 1)
(define <tail> 2)

#;
(define (reverse xs)

34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66

Compile calls in these positions 
to pop environment, push 
arguments, and jump.


Compile calls in other positions 
to push return label, push 
arguments, jump.



When does a call not need to be returned to?
When it occurs in tail position

t? - is this expression in tail 
position

callee-save register
(Pop rbx)
(Ret)
(compile-defines ds)
(Label 'err)
pad-stack
(Call 'raise_error))]))

;; [Listof Defn] -> Asm
(define (compile-defines ds)

(match ds
['() (seq)]
[(cons d ds)
(seq (compile-define d)

(compile-defines ds))]))

;; Defn -> Asm
(define (compile-define d)

(match d
[(Defn f xs e)
(seq (Label (symbol->label f))

(compile-e e (reverse xs) #t)
(Add rsp (* 8 (length xs))) ;

pop args
(Ret))]))

;; type CEnv = (Listof [Maybe Id])

;; Expr CEnv Boolean -> Asm
(define (compile-e e c t?) ...)

(define ... 0)
#|

30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
52
53
54
55
56
57
58
59
60
61 ;; Defn -> Asm

(define (compile-define d)
(match d
[(Defn f xs e)
(seq (Label (symbol->label f))

(compile-e e (reverse xs) #t)
(Add rsp (* 8 (length xs))) ; pop args
(Ret))]))

;; type CEnv = (Listof [Maybe Id])

;; Expr CEnv Boolean -> Asm
(define (compile-e e c t?) ...)

(define ... 0)
#|
(match e
[(Lit d) (compile-value d)]
[(Eof) (compile-value eof)]
[(Var x) (compile-variable x c)]
[(Prim0 p) (compile-prim0 p)]
[(Prim1 p e) (compile-prim1 p e c)]
[(Prim2 p e1 e2) (compile-prim2 p e1 e2 c)]
[(Prim3 p e1 e2 e3) (compile-prim3 p e1 e2 e3 c)]
[(If e1 e2 e3)
(compile-if e1 e2 e3 c t?)]
[(Begin e1 e2)
(compile-begin e1 e2 c t?)]
[(Let x e1 e2)
(compile-let x e1 e2 c t?)]
[(App f es)
(compile-app f es c t?)]))

|#

;; Value -> Asm
(define (compile-value v)
(cond [(string? v) (compile-string v)]

[else (Mov rax (value->bits v))]))

;; Id CEnv -> Asm
(define (compile-variable x c)
(let ((i (lookup x c)))
(seq (Mov rax (Offset rsp i)))))

;; String -> Asm
(define (compile-string s)
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96



;; Expr Expr Expr CEnv Boolean -> Asm
(define (compile-if e1 e2 e3 c t?)
(let ((l1 (gensym 'if))

(l2 (gensym 'if)))
(seq (compile-e e1 c #f)

(Cmp rax (value->bits #f))
(Je l1)
(compile-e e2 c t?)
(Jmp l2)
(Label l1)
(compile-e e3 c t?)
(Label l2))))

;; Expr Expr CEnv Boolean -> Asm
(define (compile-begin e1 e2 c t?)
(seq (compile-e e1 c #f)

(compile-e e2 c t?)))
;; Id Expr Expr CEnv Boolean -> Asm
(define (compile-let x e1 e2 c t?)
(seq (compile-e e1 c #f)

(Push rax)
(compile-e e2 (cons x c) t?)
(Add rsp 8)))

;; Id [Listof Expr] CEnv -> Asm
;; The return address is placed above the arguments, so callee pops
;; arguments and return address is next frame

;; Id [Listof Expr] CEnv Boolean -> Asm
(define (compile-app f es c t?)
(if t?

(compile-app-tail f es c)
(compile-app-nontail f es c)))

;; Id [Listof Expr] CEnv -> Asm
(define (compile-app-tail f es c)
(seq (compile-es es c)

(move-args (length es) (length c))
(Add rsp (* 8 (length c)))
(Jmp (symbol->label f))))

;; Integer Integer -> Asm
(define (move-args i off)
(cond [(zero? off) (seq)]

[(zero? i) (seq)]
[else

145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
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163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192

When does a call not need to be returned to?
When it occurs in tail position

t? - is this expression in tail 
position

callee-save register
(Pop rbx)
(Ret)
(compile-defines ds)
(Label 'err)
pad-stack
(Call 'raise_error))]))

;; [Listof Defn] -> Asm
(define (compile-defines ds)

(match ds
['() (seq)]
[(cons d ds)
(seq (compile-define d)

(compile-defines ds))]))

;; Defn -> Asm
(define (compile-define d)

(match d
[(Defn f xs e)
(seq (Label (symbol->label f))

(compile-e e (reverse xs) #t)
(Add rsp (* 8 (length xs))) ;

pop args
(Ret))]))

;; type CEnv = (Listof [Maybe Id])

;; Expr CEnv Boolean -> Asm
(define (compile-e e c t?) ...)

(define ... 0)
#|
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57
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When does a call not need to be returned to?
When it occurs in tail position

t? - is this expression in tail 
position


callee-save register
(Pop rbx)
(Ret)
(compile-defines ds)
(Label 'err)
pad-stack
(Call 'raise_error))]))

;; [Listof Defn] -> Asm
(define (compile-defines ds)

(match ds
['() (seq)]
[(cons d ds)
(seq (compile-define d)

(compile-defines ds))]))

;; Defn -> Asm
(define (compile-define d)

(match d
[(Defn f xs e)
(seq (Label (symbol->label f))

(compile-e e (reverse xs) #t)
(Add rsp (* 8 (length xs))) ;

pop args
(Ret))]))

;; type CEnv = (Listof [Maybe Id])

;; Expr CEnv Boolean -> Asm
(define (compile-e e c t?) ...)

(define ... 0)
#|

30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
52
53
54
55
56
57
58
59
60
61

;; Expr Expr Expr CEnv Boolean -> Asm
(define (compile-if e1 e2 e3 c t?)
(let ((l1 (gensym 'if))

(l2 (gensym 'if)))
(seq (compile-e e1 c #f)

(Cmp rax (value->bits #f))
(Je l1)
(compile-e e2 c t?)
(Jmp l2)
(Label l1)
(compile-e e3 c t?)
(Label l2))))

;; Expr Expr CEnv Boolean -> Asm
(define (compile-begin e1 e2 c t?)
(seq (compile-e e1 c #f)

(compile-e e2 c t?)))
;; Id Expr Expr CEnv Boolean -> Asm
(define (compile-let x e1 e2 c t?)
(seq (compile-e e1 c #f)

(Push rax)
(compile-e e2 (cons x c) t?)
(Add rsp 8)))

;; Id [Listof Expr] CEnv -> Asm
;; The return address is placed above the arguments, so callee pops
;; arguments and return address is next frame

;; Id [Listof Expr] CEnv Boolean -> Asm
(define (compile-app f es c t?)
(if t?

(compile-app-tail f es c)
(compile-app-nontail f es c)))

;; Id [Listof Expr] CEnv -> Asm
(define (compile-app-tail f es c)
(seq (compile-es es c)

(move-args (length es) (length c))
(Add rsp (* 8 (length c)))
(Jmp (symbol->label f))))

;; Integer Integer -> Asm
(define (move-args i off)
(cond [(zero? off) (seq)]

[(zero? i) (seq)]
[else
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Non-tail calls
More work to do after call, so need to return
(compile-app-nontail 'f (list e1 e2 e3)) c) 

(seq 

  (Lea rax (Mem 'return)) 

  (Push rax)  

  (compile-e e1 (cons #f c)) 

  (Push rax) 

  (compile-e e2 (cons #f (cons #f c))) 

  (Push rax) 

  (compile-e e3 (cons #f (cons #f (cons #f c)))) 

  (Push rax) 

  (Jmp 'f)  

  (Label 'return)) 

   

return address

v1

v2

v3

return address

c



Non-tail calls
More work to do after call, so need to return

(compile-define (Defn 'f (list 'x 'y 'z)) e)) 

(seq 

  (Label 'f) 

  (compile-e e (list 'z 'y 'x) #t) 

  (Add rsp 24) 

  (Ret)) 

   

return address

v1

v2

v3

return address

c



Non-tail calls
More work to do after call, so need to return

(compile-define (Defn ‘f (list ‘x ‘y ‘z)) e)) 

(seq 

  (Label 'f) 

  (compile-e e (list 'z 'y 'x) #t) 

  (Add rsp 24) 

  (Ret)) 

   

return address

v1

v2

v3

return address

c



Non-tail calls
More work to do after call, so need to return

(compile-define (Defn 'f (list 'x 'y 'z)) e)) 

(seq 

  (Label 'f) 

  (compile-e e (list 'z 'y 'x) #t) 

  (Add rsp 24) 

  (Ret)) 

   

return address

return address

c



Non-tail calls
More work to do after call, so need to return
(compile-app-nontail ‘f (list e1 e2 e3)) c) 

(seq 

  (Lea rax 'return) 

  (Push rax)  

  (compile-e e1 (cons #f c)) 

  (Push rax) 

  (compile-e e2 (cons #f (cons #f c))) 

  (Push rax) 

  (compile-e e3 (cons #f (cons #f (cons #f c)))) 

  (Push rax) 

  (Jmp 'f)  

  (Label 'return)) 

   

return address

c



Tail calls (first attempt)
No more work to do after call, so don’t return

(compile-app-tail 'f (list e1 e2 e3)) c) 

(seq 

  (compile-e e1 c) 

  (Push 'rax) 

  (compile-e e2 (cons #f c)) 

  (Push 'rax) 

  (compile-e e3 (cons #f (cons #f c))) 

  (Push 'rax) 

  (Jmp 'f)) 

   

v1

v2

v3

return address

c



c

Tail calls (first attempt)
No more work to do after call, so don’t return

(compile-define (Defn 'f (list 'x 'y 'z)) e)) 

(seq 

  (Label 'f) 

  (compile-e e (list 'z 'y 'x) #t) 

  (Add rsp 24) 

  (Ret)) 

   

v1

v2

v3

return address



c

Tail calls (first attempt)
No more work to do after call, so don’t return

(compile-define (Defn 'f (list 'x 'y 'z)) e)) 

(seq 

  (Label 'f) 

  (compile-e e (list 'z 'y 'x) #t) 

  (Add rsp 24) 

  (Ret)) 

   

return address



Tail calls (second attempt)
No more work to do after call, so don’t return

(compile-app-tail 'f (list e1 e2 e3)) c) 

(seq 

  (Add rsp (* 8 (length c))) 

  (compile-e e1 c) 

  (Push rax) 

  (compile-e e2 (cons #f c)) 

  (Push rax) 

  (compile-e e3 (cons #f (cons #f c))) 

  (Push rax) 

  (Jmp 'f)) 

   

return address

v1

v2

v3



Tail calls (third attempt)
No more work to do after call, so don’t return

(compile-app-tail 'f (list e1 e2 e3)) c) 

(seq 

  (compile-e e1 c) 

  (Push rax) 

  (compile-e e2 (cons #f c)) 

  (Push rax) 

  (compile-e e3 (cons #f (cons #f c))) 

  (Push rax) 

  (Add rsp (* 8 (length c))) 

  (Jmp 'f)) 

   

return address

?

?

?



Tail calls (final attempt)
No more work to do after call, so don’t return

(compile-app-tail 'f (list e1 e2 e3)) c) 

(seq 

  (compile-e e1 c) 

  (Push rax) 

  (compile-e e2 (cons #f c)) 

  (Push rax) 

  (compile-e e3 (cons #f (cons #f c))) 

  (Push rax) 

  (move-args (length es) (length c)) 

  (Add rsp (* 8 (length c))) 

  (Jmp 'f)) 

   

return address

v1

v2

v3

c



Tail calls (final attempt)
No more work to do after call, so don’t return

(compile-app-tail 'f (list e1 e2 e3)) c) 

(seq 

  (compile-e e1 c) 

  (Push rax) 

  (compile-e e2 (cons #f c)) 

  (Push rax) 

  (compile-e e3 (cons #f (cons #f c))) 

  (Push rax) 

  (move-args 3 (length c)) 

  (Add rsp (* 8 (length c))) 

  (Jmp 'f)) 

   

return address

v1

v2

v3



Tail calls (final attempt)
No more work to do after call, so don’t return

(compile-define (Defn 'f (list 'x 'y 'z)) e)) 

(seq 

  (Label 'f) 

  (compile-e e (list 'z 'y 'x) #t) 

  (Add rsp 24) 

  (Ret)) 

   

return address

v1

v2

v3



Tail calls (final attempt)
No more work to do after call, so don’t return

(compile-define (Defn 'f (list 'x 'y 'z)) e)) 

(seq 

  (Label 'f) 

  (compile-e e (list 'z 'y 'x) #t) 

  (Add rsp 24) 

  (Ret)) 

   

return address


