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1 Motivation
DNA sequencing is the process of digitizing a DNA
molecule by determining the corresponding sequence of
A, C, G, and T symbols, called a DNA read. While once
confined to dedicated laboratories, with the introduction
of portable DNA sequencers [9], DNA sequencing can be
conducted in the field and in real-time. Since their incep-
tion, these devices have lead researchers and practition-
ers to envision radical new applications, including rapid
medical diagnosis [10], tracking infectious diseases [8],
biological threat detection [2], and bioprospecting [5].

Yet, these applications rely on a form of DNA analysis
called metagenomic classification, where the goal is to
identify the organism that a DNA read belongs to. This
is an extremely resource intensive task that performs
expensive statistical and combinatorial processing while
searching for substrings in a massive reference database
of knownDNA sequences. This database can easily reach
terabytes to petabytes in size, and because hundreds to
thousands of queries are needed to classify a single DNA
read, searches must be very efficient. Moreover, realistic
applications demand real-time processing in unreliable
network conditions, which often means that the analysis
must be conducted locally on a low-energy and small-
form-factor mobile device [8, 4, 7, 6].

2 Substring Index
The main challenge in mobile DNA analysis is managing
the reference database, which contains the genomes of
all known organisms. The key operation is exact pattern
matching, which given a string, finds all places where
that string occurs as a substring in the database. Given a
DNA read to classify, metagenomic classifiers take vari-
ous fragments of the read and identify which genomes
contain those fragments as substrings [11, 3, 1]. Then,
these matches are used to classify the DNA read via sta-
tistical and combinatorial analysis.

Even high-end mobile devices are extremely memory
limited. For instance, the NVIDIA Jetson Orin Nano
has only 8 GB of RAM. At the same time, the reference
database can easily reach terabytes to petabytes in size.

Consequently, even with sophisticated compression tech-
niques commonly found in the literature [3, 1], it is infea-
sible to store the entire database in main memory. This
talk will present the compacted string B-tree (CSBT), our
external memory substring index. The CSBT performs
exact pattern matching queries with the optimum I/O
cost in theory while being very efficient in practice. The
CSBT maintains a static B+-tree of suffix offsets into the
indexed strings along with auxiliary information, such
as the lengths of matches between neighboring suffixes,
using a space-efficient encoding. With this information,
queries only need to match against a single substring of
the database per level of the tree. Our talk will also show
how we use the CSBT to enable real-time metagenomic
classification on memory-limited systems.

3 Memory and I/O Management
Still, real-time DNA analysis cannot be achieved by opti-
mized substring indexes on their own. Not only should
the database and index be cached when possible, but
queries should be performed concurrently to utilize the
entire I/O bandwidth. Even though these are common
optimizations, the nature of metagenomic classification
software complicates the typical approaches. The local-
ity found in the index is notably distinct from that in the
database. Moreover, as metagenomic classifiers must be
highly parallel, the I/O and parallel schedulers should be
co-designed. Our talk will include our approaches.
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