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I. BACKGROUND

Large-scale storage systems often use object-level repli-
cation to protect against server failures. This calls for the
development of efficient algorithms to map replicas to servers
at scale. Consistent hashes are ideal for this purpose: they
map each object to the “K closest” servers based on a nu-
meric distance metric and require minimal data movement on
membership change. If membership is stable, then consistent
hashes can be calculated locally with no communication.

Consistent hashes are often conceptually represented as a
ring, as shown in Figure 1, with proximity measured in terms
of numerical difference between IDs [1]. Alternative distance
metrics, such as the hash function in Ceph’s straw bucket
CRUSH algorithm [2], can be used in place of numerical
distance. Virtual nodes can also be added to improve load
balancing. The multiring hashing algorithm [3] further deviates
from the basic conceptual model by placing each virtual node
for a given server on a separate ring.

We introduce a modular, open-source consistent hashing li-
brary called libch-placement and use it to investigate distance
metrics for consistent hashing. The choice of distance metric
for consistent hashing determines:

• Replica declustering → rebuild time and MTTDL
• CPU efficiency → latency and bulk calculation cost
• Object set sharding → aggregate HPC bandwidth

An ideal distance metric would strike a balance between these
properties.

Svr A: 12

Svr B: 27

Svr C: 60

Svr D: 75

Svr E: 87

100 0

OID 33 and its replicas
will be mapped to the
3 "closest" clockwise 
servers: 60,75,87.

Fig. 1. 1D ring consistent hashing example with five servers randomly
dispersed in a numerical range of 0 to 100.
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Fig. 2. Comparison of simple 1D ring and hash-based distance metrics.

II. EMPIRICAL METHODOLOGY

Figure 2 illustrates how consistent hashing distance metrics
can differ radically in key properties. Figure 2(a) shows how
many replicas would be rebuilt on each server in a 128-
server storage system, assuming 5 million random objects, 3-
way replication, and a single server fault. Figure 2(b) shows
the placement calculation rate on a 2 GHz AMD Opteron
as the system size increases. The 1D ring exhibits poor
declustering but excellent CPU efficiency. The hash metric
exhibits excellent declustering but poor CPU efficiency, bound
by an O(n) per-object calculation.

Consistent hashing properties can be altered not only by
changing the distance metric itself, but also by applying a va-
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Fig. 3. Declustering in a 1D ring distance metric as the ratio of virtual nodes
to physical nodes is increased.

riety of metric-agnostic optimizations. Figure 3, for example,
illustrates how virtual nodes can be used to improve decluster-
ing. Other optimizations, such as OpenMP directives, can be
used to improve CPU efficiency. In this poster we examine the
interaction between distance metrics and consistent hashing
optimizations to identify the most promising overall algorithms
to improve performance, improve reliability, and manage data
placement with per-object granularity in large-scale storage
systems.

III. SUMMARY OF RESULTS

The findings of our study include the following:
• Virtual nodes can dramatically increase declustering, but

it may take as many as 65,536 virtual nodes to achieve
near-maximal declustering at scale.

• The multiring hashing algorithm balances declustering
and CPU efficiency while also supporting optimal object
set sharding.

• Consistent hashes are highly amenable to parallelism for
bulk calculation.

• Large-scale systems can recalculate placement at an ag-
gregate rate of tens of billions of objects per second to
enable placement with per-object granularity.

The libch-placement library, including additional mod-
ular distance metric implementations not shown in this
work, is freely available at https://xgitlab.cels.anl.gov/codes/
ch-placement/.
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