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Implementing a lock-free Queue

16/10/13

enqﬂ{"*'U'U e e~ (\ dequeue
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Implementing a lock-free Queue
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Empty queue

tail head

[ Dummy Node }
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Enqueve

Inode tail head
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2 concurrent enqueue operations

What can go wrong when using registers?
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tail head
_° ?
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Dequeve

tail head
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2 concurrent dequeue operations

What can go wrong when using registers?
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© ©

tail head
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Enqueue + Dequeue (Non-empty queue)
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© ©

tail head
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Enqueue + Dequeue (empty queve)
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© ©

tail head
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)

The dequeuer must advance tail before redirecting head
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Compare & swap (CAS)
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shared
register old new

L

CAS(A, B, C)

if A=B then A:=C; return(true)
else return(false)

Supported by Sun, Intel, AMD, ...
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CAS: The ABA problem

shared
register old new

l l l local:= A

CAS(A, B, C) CAS (A, local, 100)
local: | value |tag
if A=B then A:=C
A: value | tag

CAS (A, local, <100,local.tag+1>)
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In the following, we will ignore the ABA problem and assume that it is resolved
using additional tag fields.

=
N




n¢o © FCT-UNL 2013-14

)
1
=
o

—

-

I
£

A

]

©
S
@©

o

©
c
©

rrency

FCt departamento de informdtica
1 FACULDADE DE CIENCIAS E TECNOLOGIA
SeCtI O n 4' 5 UNISILEJRSIDADE NOVE DE LICSBO OOOOO

A Lock-Free (non-blocking) Queue

>

>

The algorithm is due to M. M. Michael and M.
L. Scott (1996).

The algorithm is included in the Standard
Java Concurrency Package.

Every process must be prepared to encounter
a half-finished enqueue operation, and help
to finish it.

Invariant: The tail refers to either the last node
or to the node just before the last node.
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Inode tail head
Enqueve i ’
—lo) 10
repeat t
Itail € tail _—— - true
Inext Itail done

Inext €= ltail.next
if Itail = tail then

if Inext=NULL then
if CAS (ltail.next, Inext, Inode) then done €= true fi

else CAS (tail, Itail, Inext) fi fi

to link Inode to the W

until done = true

CAS (tail, Itail, Inode)

enqueue done: try to swing tail to the
inserted node.
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Inode tail head
Enqueve i ’
—lo) 10
repeat t
Itail € tail _—— - true
Inext Itail done

Inext €= ltail.next
if Itail = tail then

if Inext = NULL then
if CAS (ltail.next, Inext, node) then done €= true fi

else CAS (tail, Itail, Inext) fi fi

until done = true .
Question: Would the enqueue

CAS (tail, Itail, Inode) operation be correct if the last line
is omitted?
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Inode tail head
Enqueve i ’
—lo) 10
repeat t
Itail € tail _—— - true
Inext Itail done

Inext €= ltail.next

if Itail = tail then /Ques‘non: Would the enqueue

Loperation be correct if this line is

Yes.

if Inext = NULL then omitted?

if CAS (ltail.next, Inext, node) then done €= true fi

else CAS (tail, Itail, Inext) fi fi
until done = true

CAS (tail, Itail, Inode)
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Dequeve

repeat lvalue @O ] [ _ O

-
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lhead € head NP
g Itail € tail Inextr Ita.il :z:e
=1 Inext € Ihead.next
% if Ihead = head then
g if lhead = Itail then /* empty or tail behind?
:If if Inext = NULL then return(NULL) fi; /* empty
g CAS (tail, Itail, Inext) /* try to advance tail
é else lvalue € Inext.value /* no need to deal with tail
g if CAS (head, Ihead, Inext) then done € true fi fi fi
g until done = true

free(lhead) ; return(lvalue)
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Dequeuve i =
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lhead € head 0 ___---
= ¢ ] = true ®
N ltail € tail
S Inext Itail done lhead
= Inext € lhead.next
E‘, . Question: Would the dequeue operation be
© if lhead = head then correct if this line is omitted?
§ if lhead = Itail then /* empty or tail behind?
_T! if Inext = NULL then return(NULL) fi; /* empty
£
= CAS (tail, Itail, Inext) /* try to advance tail
SE else lvalue € Inext.value /* no need to deal with tail
> if CAS (head, lhead, Inext) then done € true fi fi fi
= until done = true
o

free(lhead) ; return(lvalue)
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The End
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