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So what does GCAS give us?



A simple priority-based helping 
mechanism for wait-freedom 
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Eventually the highest priority operation stays in A until it is “done”
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(2) Space linear in the point contention
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Before process p accesses cell R it must gain the “right” to access R



p does so by incrementing the reference counter for R

1

ref R



+1

2

ref R

Now p has the “right” to access R

p does so by incrementing the reference counter for R



R

After p is done accessing cell R it relinquishes its “right” to access R

2

ref



2

ref R

p does so by decrementing the reference counter for R



ref R

-1

1

Now p relinquished access to R

p does so by decrementing the reference counter for R



ref R

To relinquishes its access to R, q decrements the reference counter for R

1



0

ref

-1

R

Now q relinquished access to R

To relinquishes its access to R, q decrements the reference counter for R



0

ref RR

Now no process has the right to access R



Now no process has the right to access R, so q can safely recycle it

0

ref RR



But where do we put the 
reference counter for R?



R



R

ref



ref

R

To acquire “the right” to access R



ref

R

a process must access R to 
increment its reference counter!

To acquire “the right” to access R



A chicken-and-egg situation

ref

R

To acquire “the right” to access R

a process must access R to 
increment its reference counter!



Rref



Rref

+1

To acquire “the right” to access R we no longer need to access R!



ref R

0

We can safely recycle a cell when its reference counter is zero

The problem: when can we safely recycle its reference counter?



ref R

0

?

We can safely recycle a cell when its reference counter is zero

The problem: when can we safely recycle its reference counter?



ref R

0

?

A different kind of chicken-and-egg situation!

We can safely recycle a cell when its reference counter is zero

The problem: when can we safely recycle its reference counter?



Solving the chicken-and-egg 
problems



Head R

• Thread the response cells of pending operations into a list



Head R

o

• Thread the response cells of pending operations into a list



Head

ref ref ref ref

• Thread the response cells of pending operations into a list

R

• Put the reference counter of each cell into the cell itself



refrefref

Head R

• Thread the response cells of pending operations into a list

• Put the reference counter of each cell into the cell itself

ref



its predecessor!

• Thread the response cells of pending operations into a list

• Put the reference counter of each cell into the cell itself

refrefref

Head R

ref



Head R-

its predecessor!

R

• Thread the response cells of pending operations into a list

• Put the reference counter of each cell into the cell itself

refrefref

R

ref



Head

refrefref ref

To access



Head

refrefref ref

p starts here To access



Head

refrefref ref

# of acquired cells: 1

To access
gain


access



Head

refrefref + 1 ref

# of acquired cells: 2

To access
gain


access



Head

refrefref + 1 ref

# of acquired cells: 2

To access
gained

access



Head

refrefref + 1 ref

# of acquired cells: 2

To access
gained

access

gain

access



Head

refref + 1ref + 1 ref

# of acquired cells: 3

To access
gained

access

gained

access



Head

refref + 1ref + 1 ref

# of acquired cells: 3

To access
gained

access

gained

access

gain

access



Head

ref + 1ref + 1ref + 1 ref

# of acquired cells: 4

To access
gained

access

gained

access

gained

access



Head

ref + 1ref + 1ref + 1 ref

# of acquired cells: 4

gain

access

gained

access

gained

access

gained

access



Head

ref + 1ref + 1ref + 1 ref + 1

# of acquired cells: 5

gained

access

gained

access

gained

access

gained

access



Observe: at this point p has the “right” to access every cell

Head

ref + 1ref + 1ref + 1 ref + 1

gained

access

gained

access

gained

access

gained

access



Head

ref + 1ref + 1ref + 1 ref + 1

# of acquired cells: 5

relinquish

access

gained

access

gained

access

gained

access



Head

ref + 1ref + 1ref + 1 ref

# of acquired cells: 4

relinquish

access

gained

access

gained

access

gained

access



Head

ref + 1ref + 1ref + 1 ref

# of acquired cells: 4

relinquished

access

gained

access

gained

access

gained

access



Head

ref + 1ref + 1ref + 1 ref

# of acquired cells: 4

relinquished

access

gained

access

gained

access

relinquish

access



Head

refref + 1ref + 1 ref

# of acquired cells: 3

relinquished

access

gained

access

gained

access

relinquished

access



Head

refref + 1ref + 1 ref

# of acquired cells: 3

relinquished

access

gained

access

relinquish

access

relinquished

access



Head

refrefref + 1 ref

# of acquired cells: 2

relinquished

access

gained

access

relinquished

access

relinquished

access



Head

refrefref + 1 ref

# of acquired cells: 2

relinquished

access

relinquish

access

relinquished

access

relinquished

access



Head

refrefref ref

# of acquired cells: 1

relinquished

access

relinquished

access

relinquished

access

relinquished

access



Head

refrefref ref

To access



Head

ref + 1ref + 1ref + 1 ref + 1

gained

access

gained

access

gained

access

gained

access



But what if p crashes when it has the “right” to access every cell?

Head

ref + 1ref + 1ref + 1 ref + 1



None of these cells can ever be recycled!

But what if p crashes when it has the “right” to access every cell?

Head

ref + 1ref + 1ref + 1 ref + 1



None of these cells can ever be recycled!

But what if p crashes when it has the “right” to access every cell?

c

Head

ref + 1ref + 1ref + 1 ref + 1



None of these cells can ever be recycled!

But what if p crashes when it has the “right” to access every cell?

The space complexity is Ω(c2) where c is the point contention
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Goal: reduce the number of 
cells any process has the right 
to access at any point in time

Improving the Space Complexity



Yes!



The Reversible Pebble Game 
[Bennett’89]
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This is not good enough:

We want O(c) not O(clog(c))!
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• Split each reference counter into an acquisition and revocation counter

• Put the acquisition counter of each cell into its predecessor

There is no chicken-and-egg issue for relinquishing access to cells!
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We can gain access to any cell in any list while 
having access to at most three cells simultaneously!
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Space complexity O(c), i.e, linear in the point contention c
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