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[57] ABSTRACT

The present invention concerns a parallel multiprocessor-
multidisk storage server which offers low delays and high
throughputs when accessing and processing one-
dimensional and multi-dimensional file data such as pixmap
images, text, sound or graphics. The invented parallel
multiprocessor-multidisk storage server may be used as a
server offering its services to a computer, to client stations
residing on a network or to a parallel host system to which
it is connected. The parallel storage server comprises (a) a
server interface processor interfacing the storage system
with a host computer, with a network or with a parallel
computing system; (b) an array of disk nodes, each disk
node being composed by one processor electrically con-
nected to at least one disk and (¢) an interconnection
network for connecting the server interface processor with
the array of disk nodes. Multi-dimensional data files such as
3-d images (for example tomographic images), respectively
2-d images (for example scanned aerial photographs) are
segmented into 3-d, respectively 2-d file extents, extents
being striped onto different disks. One-dimensional files are
segmented into 1-d file extents. File extents of a given file
may have a fixed or a variable size. The storage server is
based on a parallel image and multiple media file storage
system. This file storage system includes a file server
process which receives from the high level storage server
process file creation, file opening, file closing and file
deleting commands. It further includes extent serving pro-
cesses running on disk node processors, which receive from
the file server process commands to update directory entries
and to open existing files and from the storage interface
server process commands to read data from a file or to write
data into a file. It also includes operation processes respon-
sible for applying in parallel geometric transformations and
image processing operations to data read from the disks and
a redundancy file creation process responsible for creating
redundant parity extent files for selected data files.
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METHOD AND APPARATUS FOR A
PARALLEL DATA STORAGE AND
PROCESSING SERVER

BACKGROUND OF THE INVENTION

Professionals in various fields such as medical imaging,
biology and civil engineering require rapid access to huge
amounts of pixmap image data files. Today’s acquisition
devices such as video cameras, still image cameras, medical
image scanners, desktop scanners, graphic arts scanners are
able to generate huge quantities of pixmap image data.
However, existing deskiop computers and workstations do
not offer sufficient storage bandwidth and processing capa-
bilities for fast browsing and zooming in large pixmap
images stored on disks and for applying geometric transfor-
mations and image processing operations to large image
files. Pixmap image data has to be stored, made accessible
and processed for various purposes, such as fast interactive
panning through large size images, image zooming For
displaying large size images in reduced size windows, image
browsing through sequences of independent images, access
to video sequences and sound streams, extraction and trans-
formation of given image parts.

File data may consist of 2-dimensional images (for
example aerial photographs), 3-dimensional images (for
example tomographic scans, video sequences, sets of
2-dimensional images), or one-dimensional data of a spe-
cific media (for example sound, text, graphics). File data
further comprises compressed images, compressed sound or
compressed text. File data also comprises one dimensional,
2-dimensional and 3-dimensional arrays of elements which
are of different nature but can be assimilated to arrays of
pixels.

Various configurations of prior art computers and disks
can be used for storing pixmap images and multiple media
data. Single disk systems are too slow to provide the
bandwidth necessary for fast browsing through large images
or for accessing high-quality video image streams. Disk
arrays such as redundant arrays of inexpensive disks, known
as RAID systems [ECHEN90]. can be used to increase the
data bandwidth between mass storage and CPU, but a single
CPU driving a disk array does not offer sufficient processing
power to apply the image access and processing operations
required for example for panning with a limited size visu-
alization window through large images, for displaying
reduced views of large images in limited size visualization
windows or for applying transformations to given image
parts.

The presently invented multiprocessor-multidisk storage
server presents a cheaper and more powerful alternative for
storage and processing of large files such as 2-d and 3-d
pixmap image files, video sequences, sound, text and com-
pressed media data (images, video, sound and text). It may
be used as a local network server, as an ATM broadband
ISDN server, as a powerful backend server of a host com-
puter or as a storage server For a parallel system.

For the description of the invention, the following termi-
nology is used. The invented server architecture has been
created primarily for the storage of image data. Therefore,
the underlying parallel file system is explained by showing
how image files are stored and accessed. Nevertheless, the
concept is more general, and data files which are not images
can also be stored, accessed and processed on the invented
storage server. The meaning of pixels is generalized to
information elements composed of a given number of bytes.
The meaning of pixmap images is generalized to arrays of
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information elements. Furthermore, the concept of pixmap
images, which is generally used in the context of
2-dimensional arrays of pixels, is generalized to the third
dimension. A 3-dimensional pixmap image is therefore
defined as a 3-dimensional array of pixels. Pixels are rep-
resented by at least one byte. Data files of any kind may be
segmented into extents, extents being one-dimensional for
one-dimensional files, 2-dimensional for 2-dimensional files
and 3-dimensional for 3-dimensional files. Extents are the
parts of a file which may be striped onto different disks at file
storage time. Data files include the data as well as metadata
associated with the file. For example, an image file includes
pixmap image data and metadata specifying various char-
acteristics of the image file, such as its size in each
dimension, the size of its extents in each dimension and its
colour palette. The metallic of a compressed image file may
also contain a table giving the effective size in bytes of each
compressed extent.

Accessing rectangular windows from large image files is
a frequent operation. image windows are defined as rectan-
gular windows containing an integer number of pixels in
each dimension. Image window boundaries may be located
at any pixel boundary. When an image file is segmented into
extents, aligned image windows are defined as the subset of
windows whose boundaries coincide with extent bound-
aries;.

File storage and access operations are used as a general
term for accessing file data. Such accesses comprise data
access to image file windows useful for panning purposes
and subsampling operations useful for producing scaled-
down rectangular image windows displayable in reduced
size visualization windows. Both image file window data
extraction and subsampling operations require processing
power, given in the present apparatus by the parallel pro-
cessing power of disk node processors which are described
in more detail below.

Prior art methods of storing and accessing large sets of
pixmap image files are based on high-performance work-
stations accessing arrays of disks. They do not offer the
means to control the distribution of image file parts onto the
disks. Furthermore, the workstation’s CPU does not offer
sufficient processing power to scale down large image files
at high-speed in order to display them in limited size
visualization windows or to apply to them geometric trans-
formations such as rotations. The presently invented data
storage apparatus is based on disk nodes, each disk node
being composed by one processor electrically connected to
at least one disk. An array built of such closely coupled
processor-disk nodes offers both high disk throughput and
highly usable parallel processing power. The invented par-
allel file storage and access method described below pro-
vides efficient distribution of files onto disks and high-speed
access to requested file windows.

SUMMARY OF THE INVENTION

The present invention concerns a parallel multiprocessor-
multidisk storage server which offers low delays and high
throughputs when accessing one-dimensional and multi-
dimensional file data such as pixmap images, text, sound or
graphics. Multi-dimensional data files such as 3-d images
(for example tomographic images), respectively 2-d images
(for example scanned aerial photographs) are segmented
into 3-d, respectively 2-d file extents, each extent possibly
being stored on a different disk. One-dimensional files (for
example sound or text) are segmented into one-dimensional
extents.
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