
Cheney

pointer into memory

paired cells

broken heart 

cell

a car cellcar

a cdr cellcdr

!

new : new memory
old : old memory

root : root pointer
free : free pointer

S : scan pointer

pointers = ℕ

types = { !(tom), "(ointer), #(roken heart) }
cells = pointers × types

∗: pointers ⟶ cells : p ⟼ [&, ']

↑: pointers ⟶ pointers : p ⟼ p↑≡∗p&
↓: pointers ⟶ types : p ⟼ p↓≡∗p'
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S↑↓ ≠ !

Pointer to a 
pointer not to a 

broken heart

S = some 
pointer

Pointer to a 
pointer to a 
broken heartS↑↓ = !Pointer to 

an atom

S↓ = "

S + 1 → S

∗S↑ → ∗free
[ ∅ , ! ] → ∗S↑

(S↑ + 1)↑ → ∗(free + 1) 
[ free , # ] → ∗(S↑ + 1)

[ free , # ] → ∗S
free + 2 → free

S + 1 → S
(S↑ + 1)↑ → S↑

S + 1 → S 
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Pointer to 
a pointer

S↓ = #

!

∗old → ∗new
new → S

new + 1 → free 

"

S = free

All cells 
updated

old → new
new → old 

Pointer to a 
pointer

S < free
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!

{∗old , new , new + 1 } → { ∗new , S , free }

new

old root

⇒

S

root

rootnew

old
free



!

(S < free ) ∧ (S↓ = !) ∧ (S↑↓ ≠ ")

⇒

S

car cdr

S

car cdr

free free
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 { ∗S↑ , [ ∅ , " ] , ∗(S↑ + 1) , [ free , ! ] , [ free , ! ] , free + 2 , S + 1 } → { ∗free , ∗S↑ , ∗(free + 1) , ∗(S↑ + 1) , ∗S, free , S } 



S

(S < free ) ∧ (S↓ = !) ∧ (S↑↓ = ")

{ ∗(S↑ + 1) , S + 1 } → { ∗S , S }

S

⇒
free free

!!
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(S < free ) ∧ (S↓ = !)

{ S + 1 } → { S }

S

A

S

A

⇒
free free
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free

S

root

{ old , new } → { new , old } → 

!

new

old

new

old

S = free

⇒
free

S

root
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typedef struct CEL * ptr;
typedef enum {a, p, b} typ;
typedef struct CEL { ptr P; typ T; } cel;

ptr Free, New, Old;

void Cheney(void)
  { ptr S, S_;
    *New = *Old;                            // *New <- *Old
    S = New;                                // S <- New
    for (Free = New + 1;                    // Free <- New + 1
         S < Free;                          // S < Free
         S += 1)                            // S <- S + 1
      if (S->T == p)                        // Sv = p
        { S_ = S->P;                        // S^
          if (S_->T != b)                   // S^v ≠ b
            { *Free = *S_;                  // *Free <- *S^
              *S_ = (cel){ 0, b };          // *S^ <- [∅, b]
              *(Free + 1) = *(S_ + 1);      // *(Free + 1) <- *(S^ + 1)
              *(S_ + 1) = (cel){ Free, p }; // *(S^ + 1) <- [Free, p]
              *S = (cel){ Free, p };        // *S <- [Free, p]
              Free += 2; }                  // Free <- Free + 2
          else                              // S^v = b
            *S = *(S_ + 1); }               // *S <- *(S^ + 1)
      else;                                 // Sv = a
    S = Old;                                // Old
    Old = New;                              // Old <- New
    New = S; }                              // New <- old
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