
ARC: A SELF-TUNING, LOWOVERHEAD 
REPLACEMENT CACHE

By Zejun LI



Background



The real-life problem

● May contain long sequential I/Os or moving hot spots

● The frequency and scale of temporal locality may change with time

● The access pattern may fluctuate between

○ stable and repeating patterns

○ transient clustered references



Recency



LRU

● Always replaces the least recently used page

● Easy to implement and low overhead

● Only capture “recency”, no “frequency”



Frequency



LFU

● Assumes that each page reference is drawn in an independent fashion from a fixed distribution 

over the set of all pages

● Accumulates stale pages with high frequency counts the may no longer be useful



LRU-2 & 2Q

● For each page remember the last two times when it was requested, and to replace the page with 

the least recent penultimate reference

● Has two practical limitations

○ Needs to maintain a priority queue, requires logarithmic complexity

○ Contains at one crucial tunable parameter

● The algorithm 2Q mitigate the first limitation, but introduce a new parameter

○ The new parameter need a priori estimate of the miss rate



Hit ratio of LRU-2



Recency And Frequency



LRFU

● lambda -> 0 is LFU

● lambda -> 1 is LRU



Adaptive Replacement Cache



Highlights

● No tunable parameters

● Considering both recency and frequency

● Dynamically balancing between recency and frequency

● Has constant complexity per request

● Easy to implement

● ARC is scan-resistant

○ For a SPC1 like benchmark at 4GB cache, LRU get 9.19% and ARC achieves 20%



Starting with the DBL(2c )

● L1 contains pages accessed only once

●

● If x is in L1 or L2

○ Cache hit, make x the MRU page in L2

● If x not in DBL

○ If L1 has exactly c pages (L1 is full)

■ Delete the LRU page in L1

■ Make x the MRU page in L1

○ If L1 not full

■ If |L1| + |L2| = 2c (DBL cache full), delete LRU in L2 

to make room for new page

■ Insert x as MRU page in L1



Let’s discard the extra c  pages

1. Divide list to two parts T and B

○ T  hold the cached pages

○ B  is ghost list, It just keep the metadata of recently 

evicted pages

2. If |L1| + |L2| < c, then both B1 and B2 is empty

3. If |L1| + |L2| >= c, then |T1| + |T2| = c

4. The LRU page in T  is more recent than MRU page in B

○ So when T1/T2  is full, we will remove the LRU page in 

T1/T2 and move it to the MRU position in B1/B2

○ This rule keep the order of evict history

5. ARC will change the size ratio between T1 and T2



Cache miss can hit a ghost

1. x  is in T1 or T2, hit in ARC and BDL

○ Move x to MRU position in T2

2. x  is in B1, miss in ARC and hit in BDL

○ Make p larger

○ Make room if ARC full

○ Move page to MRU position in T2

3. x  is in B2, miss in ARC and hit in BDL

○ Make p smaller

○ Make room if ARC full

○ Move page to MRU position in T2



1. If |T1| + |T2| = c (L1 is full)

○ Delete LRU in B1

○ Make room if ARC full

○ Fetch x and move it to the MRU position in T1

2. If |T1| + |T2| < c

○ if BDL is full, delete LRU in B2

○ Make room if ARC full

○ Fetch x and move it to the MRU position in T1

If miss in ghost list



● If |T1| > p , discard the LRU page in T1 (move it to B1 )

● If |T1| < p , discard the LRU page in T2 (move it to B2 )

● If |T1| = p , no hard limits, origin paper choose

○ The new page hit B2, reclaim L1

○ Otherwise, reclaim L2

How to discard page in ARC



The adaptation of p

If hit B1

If hit B2



Evaluation



Long scan with random access



Change in access pattern



Thank You !


