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Objectives

To introduce some relevant standards and software for
“multi-vendor” systems-of-systems integration:

» HDF5: http://www.hdfgroup.org
» complex binary data structures
» meta data attributes

» OMQ: http://zguide.zeromq.org

> message passing
» large set of communication protocols

» iRODS: https://www.irods.org
» distributed, federated “big data” storage for logging
» meta data can be queried
» “big data” can be selectively retrieved
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HDF5

The Hierarchical Data Format (HDF) implements a model for
managing and storing data. The model includes an abstract data
model and an abstract storage model (the data format), and libraries
to implement the abstract model and to map the storage model to

different storage mechanisms.
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HDF5 data

HDFS5 Library API »
HDF>5 Library |

Group HDF File >
\ >
Group
/ \ >
Dataset Dataset |=— Attoibute
>
> Property List: options in the
library
> Link: the way objects are >

connected

model

File: contiguous string of bytes in
computer store (memory, disk,
etc.)

Group: collection of objects

Dataset: multidimensional array of
data elements with attributes and
other metadata

Dataspace: description of
dimensions of multidimensional
array

Datatype: description of a specific
class of data element including its
storage layout as a pattern of bits

Attribute: named data value of
group, dataset, or named datatype
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fields {@{Datatype}}

lets @{integer(>=0) [bytes]} N C

HDF5 data model (2)

ompound<>

lsizes @{integer(>0) [bytes)} ./

type {Datatype}

fa2n Fixed Size
Eank]) >
Variable Length >
size {integer(>0) [bytes]}
precision {integer(>0) [bits]}
sign position {integer(>=0) [bits]}
position {integer(>=0) [bits]}
nent size {integer(>0) [bits]}
exponent bias
fa position {integer(>0) [bits]}
tissa size {integer(>0) [bits]}
mantissa normalization
offset {integer(>=0) [bits]}
Impad {Bit Padding}
inpad {Bit Padding}
ord {Byte Order}

Array<>

Byte Order:
HST_ORDER_LE
HST_ORDER_BE
HST_ORDER_VAX

Float

Bit Padding:
HST_PAD_ZERO
HST_PAD_ONE

HST_PAD_BACKGROUND

Character Set:
HST_CSET_ASCIT
HST_CSET_UTF8

String Fixed Length length {intege
—< strpad {String
< Variable Length

. String Pad

Reference Obn.act Reference HST_STR_NU|
< Region Reference HST_STR_NU|

HST_STR_SP|

type {Integer Type}

Enum - 3
— enum {List of named integer constants}

size {integer(>0) [bytes]}

prescision {integer(>0) [bits]}

is signed {boolean}
offset {integer >=0) [bits]}
pad {Bit Padding}
ord {Byte Order}

Integer

cset {Character Set}

size {integer(>0) [bytes]}
precision {integer(>0) [bits]}
offset {integer(>=0) [bits]}

pad {Bit Padding}
ord {Byte Order}
size {integer(>0) [bytes]}

e
-< tag {string} 0..1

<

Opaqu
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HDF5 data types

Datatype Class

I Atomic | | Composite |
| Time l String | Opaque I Float I
I

—

Variable Length

» customized data
lengths possible

= b5-bits bitmaps
= 17-bits integers
=
» image is one of the
supported composite
data types.
» large amount of utility

libraries available (C,
Fortran, Java,

I

Enumeration Compound

I

| Python,. . .)
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HDF5 storage model

/group2/group2/dset?2
Storage System .
Storage System
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Full "HDF5 file" can be
manipulated in RAM
= ready for communication!
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oMQ

“Socket” -based communication:

» in-process, inter-language, IPC, inter computer,. ..

> bindings & reference implementation in more than 30
languages.

Many supported communication protocols, for example:

Publisher
Client \Lﬂ
- bind e “orld”
| i LA
updates : ROUTER
Hello world | : server :
( Queue
updates updaLes updles ik '
- i DEALER ;
Server l l L I
connect connect connect E E
Request- (s ) [ s ) [ s ) D) (=) (=)
Reply Subscriber Subscriber Subscriber E :
Publisher-Subscribe Multithreaded server
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@OMQ: Life Cycle State Machine

internal external

Important for:

» synchronising start-up, pausing, shutting down of distributed
systems.

» similarly, synchronising of tasks.
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iRODS

A RENC' DOTO Grld A complete data grid (zone) has

one metadata catalogue (iCAT)

iRODS Server [ iRODS Server

CEcu (UNC-A -
-
iRODS Sirver ?S T“’e’ iRODS Server

RENCI, Europa Center

iRODS Server (ﬁ
=5

ﬂlient asks for data — request goes to an iRODS server\)\

* Server contacts the iCAT-enabled server

— + Information (location, access rights, etc) is
retrieved from the iCAT

|+ Server containing data is signaled to send data to

authorized client /
\\ / N

www.irods.org/index.php/Database_Resources
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IRODS server federation

TUCASI Infrastructure Project (TIP)

Federated Data Grids

&STATE UNIVERSITV-.

B=F
- / Independent data grids (zones),
» each with its own iCAT,
=T, can be federated
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Conclusions

» “multi-vendor” requires standardization

» in particular of the meta datal

» large-scale integration requires professionally supported
libraries, frameworks, servers,. . .

» lots of stuff exists already outside of the robotics domain

» with strong separation of concerns: modelling, message
passing, interaction/synchronisation protocols, sensor fusion,

logging, querying,. ..

» international foundation to coordinate robotics software
development & integration would be very welcome. . .!
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