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Abstract

In this paper, we qualitatively and quantitatively discuss the
design choices, production experience, and lessons in building
the Elastic Block Storage (EBS) at ALIBABA CLOUD over the
past decade. To cope with hardware advancement and users’
demands, we shift our focus from design simplicity in EBS1
to high performance and space efficiency in EBS2, and finally
reducing network traffic amplification in EBS3.

In addition to the architectural evolutions, we also sum-
marize development lessons and experiences as four topics,
including: (i) achieving high elasticity in latency, throughput,
IOPS and capacity; (ii) improving availability by minimiz-
ing the blast radius of individual, regional, and global failure
events; (iii) identifying the motivations and key tradeoffs in
various hardware offloading solutions; and (iv) identifying
the pros/cons of alternative solutions and explaining why
seemingly promising ideas would not work in practice.

1 Introduction

Elastic Block Storage (EBS) service is a cornerstone in today’s
cloud [16, 18, 19]. In EBS, the storage service is in the form
of virtual block devices with high performance, availability,
and elasticity. The most outstanding characteristic of EBS
architecture is the compute-to-storage disaggregation where
the virtual machines (compute end) and disks (storage end)
are not physically co-located but interconnected via datacenter
networks.

In this paper, we start by revisiting the evolutions behind
the three generations of EBS at ALIBABA CLOUD [16]. EBS1
marks our initial step in adopting the compute-to-storage
philosophy. In EBS1, there are two notable design choices:
in-place update from virtual disks (VDs) to physical disks,
and the exclusive management of virtual disks. First, EBS1
directly maps a VD inside the virtual machine (VM) as a
series of 64 MiB Ext4 files in the backend storage server.
Moreover, EBS1 employs a fleet of stateless BlockServers
to manage VDs where each VD is exclusively handled by a
BlockServer. While EBS1 had been successfully deployed
on more than 300 HDD-backed clusters, its limitations also

*Corresponding author.

unfolded. The straightforward virtualization led to severe
space amplification and performance bottlenecks.

We then developed EBS2 with two significant changes: the
log-structured design, and VD segmentation. First, we em-
ployed the Pangu [35] distributed file system as our storage
backend, and redesigned the BlockServers to convert VDs’ all
writes to sequential appends. By switching to a log-structured
layout, EBS2 still used three-way replication for incoming
writes but could transparently perform data compression and
erasure coding (EC) in the background during garbage col-
lection (GC). Moreover, EBS2 split VDs into finer segments
(32 GiB each), thus shifting the mapping between VDs and
BlockServers from VD level to Segment level. With the above
two changes, EBS2 was able to reduce the space efficiency
from 3 (i.e., three-way replication) in EBS1 to 1.29 on average
in the field. Moreover, supercharged with SSDs, an EBS2-
backed VD can achieve up to 1 M IOPS and 4,000 MiB/s
throughput with 100 us-level latency on average. Unfortu-
nately, EBS2 also faced a significant challenge. That is, the
traffic amplification factor increased to 4.69, namely 3 (fore-
ground replication write) plus 1 (background GC read) and
0.69 (background EC/compression write).

Hence, we built EBS3 to reduce traffic amplification using
online (i.e., foreground) EC/compression via two techniques:
Fusion Write Engine (FWE), and FPGA-based hardware com-
pression. FWE aggregates write requests from different seg-
ments (if necessary) to meet the size requirement of EC and
compression. Moreover, EBS3 offloads the compute-intensive
compression to a customized FPGA for acceleration. As a
result, EBS3 can reduce the storage amplification factor from
1.29 to 0.77 (after compression) and the traffic amplification
factor from 4.69 to 1.59 while still maintaining performance
similar to EBS2. Since release, EBS3 has been deployed on
more than 100 clusters, serving over 500K VDs.

Figure 1 outlines the chronological progression of Alibaba
EBS since 2012. We highlight the time of major releases (i.e.,
EBS1 to EBS3), the integration of key techniques (e.g., Luna,
our user-space TCP stack [46]) and the adoption of advanced
hardware (e.g., Persistent Memory in EBSX). The evolution of
EBS demonstrates a shift in focus from performance to space
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o o] FHIEHE R FNRF R I (See Section 4*)

v Challenge 1: a BlockServer crash impacts more VDs
Solution: Federated BlockManager (Two-layer control nodes)

v Challenge 2: Segment migration leads to cascading failures
Solution: Logical Faillure Domain (Limited migration)

O ﬁ@{q:ﬁﬂﬁ (See Section 57)

iz zViEELIqE
L o Form follows function
v FPGA is not ideal: expensive, high failure rates

v' Blockclient offloading: FPGA > ASIC: 1. cost-friendly 2. a fixed set of functions.
v' BlockServer offloading: FPGA - Many-core ARM: 1. cost-friendly 2. comparable performance

® What if? (See Section 6%)

v' Q1: W/o log-structured design? Both cost and performance cannot move forward.
v' Q2: EBS with open-source software? Co-design will be never possible.

v' Q3: Not separating Pangu? Slow down the development of EBS.

B E=Ehe Y *Zhang W, Xu E, Wang Q, et al. What's the Story in EBS Glory: Evolutions and Lessons in Building Cloud Block Store[C]// FAST 24.
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