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ABSTRACT
This paper presents the tracking approach for deriving detectably
recoverable (and thus also durable) implementations of manywidely-
used concurrent data structures. Info-Structure Based (ISB)-tracking
amends descriptor objects used in existing lock-free helping schemes
with additional fields that track an operation’s progress towards
completion and persists these fields to memory in order to ensure
detectable recovery. We have applied ISB-tracking to derive de-
tectably recoverable implementations of a queue, a linked list, a
binary search tree, and an exchanger. Experimental results show
the feasibility of the technique.

1 MOTIVATION
Byte-addressable non-volatile main memory (NVRAM) combines
the performance benefits of conventional main memory with the
durability of secondary storage. Systems with NVRAMwill be more
prevalent in the near future. The availability of durable main mem-
ory has increased the interest in the crash-recovery model, in which
failed processes may be resurrected after the system crashes. Of
particular interest is the design of recoverable concurrent data struc-
tures, whose operations can recover from crash-failures. Such data
structures are important as they are building blocks for constructing
simple, well-structured, sound and error-resistant multiprocessor
systems. For example, in many big-data applications, shared in-
memory tree-based data indices are created for fast data retrieval
and useful data analytics.

When designing recoverable data structures, it is important to
be able to tell after recovery whether an operation was executed to
completion and if so, what its response was, a property called de-
tectable recovery [1, 2]. In many computer systems (e.g., databases),
detectable recovery is supported by precisely logging the progress of
computations to non-volatile storage, and replaying the log during
recovery. Logging imposes significant overheads in time and space.
This cost is even more pronounced for concurrent data structures,
where there is an extra cost of synchronizing log accesses.
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2 CONTRIBUTION AND METHODOLOGY
We present the Info Structure Based (ISB) tracking approach for
deriving detectable implementations of many widely-used concur-
rent data structures for systems with non-volatile main memory
(NVRAM). ISB tracking avoids full-fledged logging, and tracks the
progress of each operation individually, in a way supporting de-
tectable recovery. Specifically, it explicitly maintains an Info struc-
ture, stored in non-volatile memory, to track an operation’s progress
as it executes. The Info structure allows a process to decide, upon
recovery, whether the operation’s effect has already become vis-
ible to other processes, in which case, the mechanism allows to
determine the response of the operation. ISB-tracking is widely
applicable—it can be used to derive recoverable versions of a large
collection of concurrent data structures, including concurrent tree-
like structures that could be used as indices.

We emphasize that detectability is a challenge even if caches are
non-volatile, i.e., writes are immediately persisted, in program order.
However, ISB-tracking informs how persistency instructions (flushes
and fences) should be inserted for ensuring an implementation’s
correctness in an efficient manner, even when cache memories are
volatile and their content is lost upon a system-wide failure [3].

Summarizing, the main contributions of this paper are: i) we
propose ISB-tracking, a new mechanical transformation for de-
riving detectably recoverable implementations of concurrent data
structures, ii) in a system with volatile caches, we present how per-
sistency instructions can be added in ISB-tracking in a manner that
enhances efficiency and scalability, iii) we apply ISB-tracking to get
new detectably recoverable implementations of a wide collection
of data structures, and iv) we provide an experimental analysis to
compare ISB tracking with all existing relevant transformations and
detectably recoverable concurrent data structures we are aware of.
They show the feasibility of ISB-tracking and the good scalability
it exhibits in many cases.
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