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Abstract

We describe the Jasmine mass storage system, in
operation since 2001. Jasmine has scaled to meet the
challenges of grid applications, petabyte class storage,
and hundreds of MB/sec throughput using commodity
hardware, Java technologies, and a small but focused
development team. The evolution of the integrated disk
cache system, which provides a managed online subset
of the tape contents, is examined in detail. We describe
how the storage system has grown to meet the special
needs of the batch farm, grid clients, and new
performance demands.

1. Introduction

Jasmine is the integrated tape and disk mass storage
system developed and used by the Thomas Jefferson
National Accelerator Facility (Jefferson Lab). The lab is
operated for the U.S. Department of Energy to conduct
nuclear physics experiments examining the quark nature
of matter. The data rates generated by these experiments
are currently ~30MB/sec, and will eventually reach
100MB/sec. Jasmine manages more than 1 PB of data
stored on tape. Aside from maintenance and upgrade
periods, the system has run in a “lights out” mode with
24 hour operation and daytime administrative work
since its deployment.

In this paper, we outline the design and operational
challenges experienced in transitioning Jasmine from a
mission critical storage system to a multi-purpose
storage fabric for use by running experiments, batch
farm processing, grid applications, individual users, and
the lab’s lattice QCD effort. The basic distributed
framework of the system has scaled well. We describe
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modifications made to system components, like the disk
cache, to grow it to its current state. Finally, we
anticipate future changes based on current stresses on
the system.

2. Jasmine Design

The initial design and implementation of Jasmine
was presented in 2001[1]. We described at that time an
almost pure Java, database-driven, distributed system.
There were two primary customers for Jasmine’s
services. First, data acquisition from the experimental
halls required immediate access to tape drives to write
data without any queuing. Secondly, batch farm and
user requests, which queued until the system could
process the requests to pull files from tape. User access
to the system was through user level commands to read
files, write files, or request that files be added to the user
visible disk pool.

The overall architecture is shown in Figure 1. Data
mover machines manage file movement to tape. Disk
Nodes store cached copies of files or files in transit to
tape. A replicated MySQL[9] database forms the central
core of the system. Data flow is between the client and
the data movers or the disk nodes; there is no single data
flow bottleneck. Design Goals

Jasmine was designed with the goals of minimizing
single points of failure, creating a system that would
scale for future needs, and be able to provide both
queuing and non-queuing service for clients.
Experimental data rates tend to increase over time as
detector and data acquisition technology improve. We
wanted Jasmine to scale with these changes, realizing
that this could mean an increase in the data rate by an
order of magnitude over five years. We anticipated that
some of this data rate increase could be solved by new
tape, disk, and networking technology, but that some of
it would require a distributed architecture where
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Figure 1. Overall Architecture

multiple data paths are used to achieve high aggregate
performance.

There are two classes of failures addressed in the
design. For those failures that can be managed in an
automated way, it is important that they result in
degraded performance rather than system-wide failure.
That is, individual redundant system component failures
should be detected and contained. Machines that
manage tape or disk resources are examples that can fail
in a contained way. Certain files or user requests may
fail as a result of a single machine’s problems, but those
failures do not cascade into other parts of the system.

The second sort of error management is with regard
to system critical components. Some single points of
failure are too costly or complex to eliminate completely
but the risk can be mitigated by selecting high quality
solutions and documented recovery plans. In the design
of Jasmine there are several of these components: The
database, the network, and the tape robotics are the most
obvious examples. In the case of the MySQLI[9]
database, we have added replication and frequent

backups. In the case of the network we rely on shelf
spares. For the tape robotics, we rely on 24 hour vendor
support.

2.1. Name Space Management

Files are stored in Jasmine as digital objects (files)
that reside on disk, tape, or both. These files are
organized into hierarchies of directories in the Jasmine
database. The directory structure and file entries are
presented in an NFS-mountable file system that is
browsable as any other file system. The entries in this
file system are stub files, which are mere placeholders
for the actual data. These stub files are used as the
names for files on tape, but they are not the files. By
convention we mount this stub file system on our
scientific computing machines under /mss. Jasmine
updates /mss as files are added and removed, but the
database is the master record of the name space
hierarchy.

When a user wants to place a file into tape storage,
they run a command that contacts Jasmine and moves
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the file to tape. A name space entry under /mss is used
as the name of the file on tape, and a stub file is written
to show that the name is in use. Users retrieve files
using these same stub file names.

When writing to tape the name space is used to
choose the set of tapes that will be used for storing the
file. Under /mss, directory trees are mapped to
collections of related tapes, called volume sets. Files can
only be written to tape if such a mapping exists. These
mappings are inherited by subdirectories. For example,
the path /mss/clas/eg3a/raw is mapped to a set of
volumes reserved for raw data from that experiment.
The parent, /mss/clas/eg3a could be mapped to a more
general set of volumes for analyzed data so that any new
subdirectories (other than raw) would inherit that

mapping.
2.2. Data Mover

A data mover is a computer with an attached tape
transport and some amount of local disk space for local
staging of files to/from tape. Figure 2 shows the high-
level architecture of the data mover. The dispatcher
coordinates with the system resource manager for tape
drives, disk space, and network bandwidth to decide
which jobs to run. Each data mover culls through the job

queue database looking for work to do based on
available resources. When a group of runnable jobs is
found, a cluster of running jobs is created. Jobs are
gathered into clusters based on their resource needs. For
example, a group of jobs in the queue that need files
from the same tape are processed in the order of files
stored on the tape.

The data mover always stages data in two phases,
one is a tape transfer and one is a network transfer. In
the case of writing to tape, the data is copied over the
network to a pool of disk space dedicated to that data
mover in the first phase. In the second phase that data is
copied from the staging disk to tape. When data is read
from tape, the order is the reverse: Phase 1 is a copy
from tape to disk and phase 2 is a copy from the staging
disk over the network to the client.

This two-phased scheme for data movement
increases the latency of job processing, but has several
advantages. First, it hides any data rate mismatch
between the network and the tape drive when the disk is
not the performance bottleneck. Secondly, it allows data
being written from clients to be staged in from clients
when no tape drive is immediately available to write the
data. This allows for faster processing from the point of
the view of the client. Finally, it allows the tape drive to
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read files from the tape at native speed, even when
writing to slow clients. Using the disk as a buffer works
best when a data mover has one tape drive, one network
interface, and an appropriate amount of disk space. The
tape drive and disk performance are knowable
quantities. The network performance is the Ileast
predictable aspect of the system.

There is a second means for access to tape storage
which neither queues nor uses the intermediary disk
cache. This lower-level mechanism is designed for
collecting data from experiments. The Data Acquisition
Manager bypasses queue processing and allows running
experiments to write running data to tape on demand.
Tape drives may be reserved exclusively for data
acquisition so that experiments never wait for tape
access, or they can preempt the queue between clusters
of jobs.

When a user requests a file from tape, the request is
made based on the stub file name. These requests are
placed in the queue database for processing. Data mover

nodes process these requests when they have sufficient
tape drive and disk resources. Our strategy for queue
processing focuses on minimizing tape mounts and
positioning time. When a request for a tape rises to the
top of the queue, any other requests in the queue
needing the same tape, regardless of queue position, is
processed as part of the same job cluster. Jobs are also
ordered to read the tape sequentially. Any new request
in the queue for a mounted tape will be processed first to
avoid an additional tape mount. This queue discipline
hides some of the latency of tape processing at the
expense of some fairness.

2.3. Disk Cache

A primary feature of the initial design of Jasmine was
the integrated disk cache, a system that we developed
and used prior to Jasmine and carried over into
Jasmine’s design. The cache keeps disk-resident copies
of files stored on tape and deletes them in a least-
recently-used order when space is needed for new files
read from tape. This disk cache was exposed to users



























