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let
type list = {link: list,

key: int}
type tree = {key: int,

left: tree,
right: tree}

function maketree() = · · ·
function showtree(t: tree) = · · ·
in
let var x := list{link=nil,key=7}

var y := list{link=x,key=9}
in x.link := y
end;
let var p := maketree()

var r := p.right
var q := r.key

in garbage-collect here
showtree(r)

end
end
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FIGURE 13.1. A heap to be garbage collected.

From Modern Compiler Implementation in ML,
Cambridge University Press, c©1998 Andrew W. Appel
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function DFS(x)
if x is a pointer into the heap

if record x is not marked
mark x
for each field fi of record x

DFS(x . fi )

ALGORITHM 13.2. Depth-first search.
From Modern Compiler Implementation in ML,
Cambridge University Press, c©1998 Andrew W. Appel
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Mark phase:
for each root v

DFS(v)

Sweep phase:
p ← first address in heap
while p < last address in heap

if record p is marked
unmark p

else let f1 be the first field in p
p. f1 ← freelist

freelist← p
p ← p+(size of record p)

ALGORITHM 13.3. Mark-and-sweep garbage collection.
From Modern Compiler Implementation in ML,
Cambridge University Press, c©1998 Andrew W. Appel
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FIGURE 13.4. Mark-and-sweep collection.
From Modern Compiler Implementation in ML,
Cambridge University Press, c©1998 Andrew W. Appel
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function DFS(x)
if x is a pointer and record x is not marked

t ← 1
stack[t] ← x
while t > 0

x ← stack[t]; t ← t − 1
for each field fi of record x

if x . fi is a pointer and record x . fi is not marked
mark x . fi

t ← t + 1; stack[t] ← x . fi

ALGORITHM 13.5. Depth-first search using an explicit stack.
From Modern Compiler Implementation in ML,
Cambridge University Press, c©1998 Andrew W. Appel
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function DFS(x)
if x is a pointer and record x is not marked

t ← nil
mark x ; done[x] ← 0
while true

i ← done[x]
if i < # of fields in record x

y ← x . fi

if y is a pointer and record y is not marked
x . fi ← t; t ← x; x ← y
mark x ; done[x] ← 0

else
done[x] ← i + 1

else
y ← x; x ← t
if x = nil then return
i ← done[x]
t ← x . fi ; x . fi ← y
done[x] ← i + 1

ALGORITHM 13.6. Depth-first search using pointer reversal.
From Modern Compiler Implementation in ML,
Cambridge University Press, c©1998 Andrew W. Appel
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FIGURE 13.7. Copying collection.
From Modern Compiler Implementation in ML,
Cambridge University Press, c©1998 Andrew W. Appel
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function Forward(p)
if p points to from-space

then if p. f1 points to to-space
then return p. f1

else for each field fi of p
next. fi ← p. fi

p. f1 ← next

next← next+ size of record p
return p. f1

else return p

ALGORITHM 13.8. Forwarding a pointer.
From Modern Compiler Implementation in ML,
Cambridge University Press, c©1998 Andrew W. Appel
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scan← next← beginning of to-space
for each root r

r ← Forward(r)
while scan < next

for each field fi of record at scan
scan. fi ← Forward(scan. fi)

scan← scan+ size of record at scan

ALGORITHM 13.9. Breadth-first copying garbage collection.
From Modern Compiler Implementation in ML,
Cambridge University Press, c©1998 Andrew W. Appel
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FIGURE 13.10. Breadth-first copying collection.
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Cambridge University Press, c©1998 Andrew W. Appel
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FIGURE 13.12. Generational collection. The bold arrow is one of the rare
pointers from an older generation to a newer one.
From Modern Compiler Implementation in ML,
Cambridge University Press, c©1998 Andrew W. Appel
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while there are any grey objects
select a grey record p
for each field fi of p

if record p. fi is white
color record p. fi grey

color record p black

ALGORITHM 13.13. Basic tricolor marking.
From Modern Compiler Implementation in ML,
Cambridge University Press, c©1998 Andrew W. Appel
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