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Reference counting

o ItIS
o a general techniqgue to manage the number of references for resources

o mainly used to reclaim resources in timely manner

e Scalabllity is the most important challenge in multicore environment

1. REF (increase counter)
2. Use resource
3. UNREF (decrease counter)




Known scalabllity issues of reference counting in Linux
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Four performance metrics we established
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Overhead analysis of prior proposals
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Overhead analysis of prior proposals (cont.)
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Overhead analysis of prior proposals (cont.)
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Overhead analysis of prior proposals (cont.)
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Overhead analysis of prior proposals (cont.)
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Overhead analysis of prior proposals (cont.)
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Overhead analysis of prior proposals (cont.)
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Overhead analysis of prior proposals (cont.)
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Overhead analysis of prior proposals (cont.)
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Overhead analysis of prior proposals (cont.)

Space
overhead

Query
overhead
Counting
overhead
Time

overhead

400

R N W
o o o
o O O

o

Throughput (Mops/sec)

256

1024

4096

Per-core Hash (RefCache)

16384

Number of Shared Objects (Pages)

14



Summarizing all these ...
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Summarizing all these ...
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Challenges for the space-time tradeoff
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Challenges for the space-time tradeoff (cont.)
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Our solution to this issue ...

Anchoring
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Our solution to this issue ...

PayGo
Pay Migration Tax to Homeland
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Issue for a single local counter

- local counter @ : lock;addl (atomic op.)
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Paygo
(Pay migration tax as you go to other core)

e Low counting overhead

o Scalable for local counters

e Low space overhead (per core hash)

o Proportional to the number of CPU cores

o Query overhead is still high

- Escaping the counting-query tradeoff is beyond the scope of this work.
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Overhead Analysis for a Reference Counter
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Data structures in PayGo

(per-core)

— PAYGO

—E|core|E E|coreE

(per-process)

task struct

arllchor info
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anchor core IDs

PAYGO entry

object local anchor
pointer | counter | counter
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cache line size (byte)

e Local counter increases the local
count by REF operation

e A process records core IDs along
with object pointer when REF
operation is performed



Extending PayGo design to support user-level objects

DEEE

user threads --------- object user mode
— sys_ref(void* obj) or sys_unref(void* obj) —
REF(obj, pid) reempt disable reempt enable 4
UNREF (obj, pid) P \p‘_ O P Pt / 0

referencing or unreferencin
kernel mode & 8




Experimental Setup

Kernel: Linux 4.12.5
CPU: four 24-core Intel Xeon E7-8890 v4 CPUs
RAM: 1 TiB DDR4 DRAM

Storage: Samsung SM1725 NVMe SSD
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Scalability Comparison of the Linux Page Cache
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Performance Spectrum on Varying Contention Levels

Utilization
(%)
—h
N A OO
O O O o6 &

0
29 300
£
2 200
Q0o
ﬁgmo
0

Vanilla = RefCache PAYGO
User Library s Misc. Kernel Refcnt == Lock mm Atomic ==

File Size (MiB)

29



Scalability of User-level Paygo
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Conclusion

e Designing scalable reference counting techniques should consider
space-time tradeoff as well as counting-query tradeoff.

e PayGo escapes the space-time tradeoff by using anchoring
technique.

e PayGo provides scalable counting and space efficiency with
negligible time delay for reclaiming obsolete hash entries.
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