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Introduction Introduction

Extended System-Architecture
with NETCONF-MQTT bridge
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Challenge

Ontology-based Device Description
has a file size of ca. 19 kB using JSON-LD syntax.
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Ontology for Device Descriptions
Example of ontology in JSON-LD Syntax

1 ...
2 "@id" : "https://www.cs.uni-potsdam.de/bs/research

/myno#myDevice",
3 "http://www.onem2m.org/ontology/Base_Ontology/

base_ontology#Device" ],
4 "http://www.onem2m.org/ontology/Base_Ontology/

base_ontology#hasFunctionality"
5 : [ { "@id" : "https://www.cs.uni-potsdam.de/bs/

research/myno#switchOff" } ],
6 ...
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Ontology for Device Descriptions
Example of ontology in JSON-LD Syntax, optimized

1 { "@context": {
2 "oneM2M": "http://www.onem2m.org/ontology/

Base_Ontology/base_ontology#",
3 "myno": "https://www.cs.uni-potsdam.de/bs/

research/myno#" },
4 "@graph": [
5 { "@id": "myno:myDevice", ... ],
6 "oneM2M:hasFunctionality": [
7 { "@id": "myno:funcSwitchOff" }, ...
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Requirements for compression of ontology file

small file size regarding 32 kiB RAM (and 512 kiB Flash memory)

ontology data structures, particularly strings and structural elements like
curly and square braces, should be compressed efficiently

possibility to edit the file on a constrained device e.g. to change the UUID
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Evaluation of binary compression

Two obvious formats

CBOR

RDF HDT
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Concise Binary Object Representation (CBOR)
RFC 7049 [BH13] in 2013

Each byte is encoded as a major type (the high-order 3 bits)
and additional information (the low-order 5 bits).

X X X X X X X X
major type additional information
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CBOR Major Types

Major Type
0 unsigned integer
1 negative integer
2 byte string
3 text string
4 array of data items
5 map of pairs of data items
6 optional semantic tagging of other major types
7 floating-point numbers and simple data types
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CBOR Encoding Examples

datatype value major type add. info. hex binary
integer 20 0 20 0x14 000 10100
string CBOR 3 4 (str. length) 0x6443424F52 *

*011 00100 01000011 01000010 01001111 01010010
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CBOR Evaluation Results

Better result was achieved through JSON-LD optimization

introduce context prefix for namespaces

remove unnecessary white spaces and tabs

Ontology file size in Bytes for JSON-LD and CBOR

JSON-LD 19,771
CBOR 16,126

18.43% space savings

Ontology file size in Bytes for JSON-LD (opt.) and CBOR

JSON-LD (opt.) 7,640
CBOR 6,520

14.65% space savings
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String Encoding in CBOR comparing to JSON [Hof18]
Additional storage consumption for encoding of strings in CBOR comparing to JSON
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Possibility to replace the UUID using placeholders
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Ontology Structure

The ontology defines so-called Triples:
Subject → Predicate → Object (SPO)

An example for an SPO triple within IoT:
myDevice → hasFunctionality → funcSwitchOff
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RDF HDT
W3C Member Submission [FMPGP11] from 2011

HDT splits ontology file in three logical components:
Header, Dictionary and Triples

Header holds meta data about the file using a plain RDF structure.

The Dictionary is a catalog of triples for the used terms based on
Front-Coding which is again based on words with similar prefix.
Subjects, Predicates and Objects are subsumed in sections to avoid
repeating. Each section is sorted lexicographically and then IDs are
assigned to each term.

RDF Triples are now tuples of three IDs.
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RDF HDT
HDT proposes an encoding of Triples called Bitmap Triples (BT)
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RDF HDT File Example
Header with Meta Data
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RDF HDT File Example
Dictionary
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RDF HDT File Example
Triples with IDs
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RDF HDT Evaluation Results

Optimization through redundancy avoidance in RDF HDT

Ontology file size in Bytes for Turtle and RDF HDT

Turtle 20,385
HDT 5,568

72.68% space savings

Ontology file size in Bytes for Turtle (opt.) and RDF HDT

Turtle (opt.) 9,992
HDT 5,513

44.82% space savings
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RDF HDT Evaluation Results

Better string syntax in N-Triples through elimination of the data type
http://www.w3.org/2001/XMLSchema#string at every string

Ontology file size in Bytes for N-Triples

N-Triples 27,025
HDT 4,307

84.06% space savings
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Conclusion

RDF HDT shows better results for our use case

RDF HDT has space savings (up to 84 %) because of consideration the
data structure of ontology

CBOR has poor compression (less than 15 %) because it does not
compress long strings

CBOR is still suitable for sensor data (integer values etc.)

possible to edit the files on constrained devices e.g. to change the UUID
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Demo: An Ontology-based NETCONF-MQTT Bridge
for Sensor Devices in the IoT
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