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Develops and maintains open source
software applications

« Toxtree 2.1.0 — toxic hazard
estimation, 12 modules

« Toxmatch 1.06 — A Cherpigie
similarity evaluation tods#

« Online QMRF repositor].] g,
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OpenTox project

http://www.opentox.org

* Objective: to develop a
framework that provides an
unified access to:

— toxicity data,
— predictive models, °

— procedures supporting
validation and additional °
information that helps with oo
the interpretation of "
predicted results.

 European Commision o
Framework Programme 7,
HEALTH-2007-1.3.3

* 11 partners
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Why integration framework for predictive

toxicology?

« What we would like to do:

— Build, use, validate and compare multiple
models

— Reliable reproduce models from the literature

— Merge data from different sources (files,
databases)
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Why integration framework for predictive

toxicology?

* Challenges:

— Chemical structures
* Might be ambiguous

* Might be error prone or time consuming to reproduce from
publications

— Data
* Multiple formats,

» Implicit semantics, often buried in human readable
documentation only

— Models

« Tens of thousands available, in software or in publications
* Multiple software solutions, mostly incompatible

* Predictions reproducibility is time consuming and often hard
to achieve

« Automatic comparison of prediction results difficult
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Framework design rationales

User Requirements . Software Requirements

Umambiguous data = formal way of representing information about data
Unambiguous access — well-defined interfaces

Transparency of = formal way of representing information about
computational tools methods, well-defined interfaces

Variety of user groups = simplicity and modularity of design

Need to integrate various = distributed architecture, interoperability
resources (e.g., databases,

prediction methods,

models, ...) to make

meaningful predictions

Need to integrate = again, modularity of design, extensibility
biological information
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The framework

* OpenTox API
Report

— The way applications talk to each other o

— The way developers talk to applications PELETE
— http://opentox.org/dev/apis/api-1.1
Dataset

» The basic building blocks:
GET ‘

— data, chemical structures, algorithms POST

PUT
and models. e

» Functionality offered Feature

— build models, POST
PUT

— apply models, DELETE
— validate models,

DELETE

« Technologies | JK
VoAl Web services VSR B e Web sefvices
ontologies (mainly to describe

— REST style web services :
| Models all kind of Reporting [ Validation
service data service service
metadata) about resources
OPenTox Ideaconsult Ltd.

AppDomain
GET

POST
PUT
DELETE

Model
GET
POST
PUT
DELETE

— RDF for description of resources
<lVS Registrati
i/wq\ - on, J)Nq\ Web $nﬁges
/v.
\
Ontology

— Links to existing and newly developed
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Representational State Transfer (REST)

A software architecture style, defined by Roy Fielding in his PhD thesis (2000). Many services worldwide offer REST
API. There are (currently) no standards for RESTful applications, but merely design guides.

Design principles:
* Resource oriented

— Every object (resource) is named and addressable (e.g. HTTP URL ) Example:
http://example.opentox.com/model/myBestModel , http://example.opentox.com/compound/50-00-0

— RESTTfull API design starts by identifying most important objects and groups of objects, supported by
the software system and proceeds by defining URL patterns.

« Transport protocol
— HTTP is the most popular choice of transport protocol, but other protocols can be used as well
»  Operations

— All resources (nouns) support the same fixed and universal number of operations (verbs). HTTP
(GET, POST, PUT, DELETE) operations are the common choice, when the transport protocol is
HTTP.

* Hypermedia as the Engine of Application State

— All resources should be reachable via a single (or minimum) number of entry points into RESTful
applications. Thus, a representation of a resource should return hypermedia links to related resources

» Error codes (for each resource/operation pair )
— HTTP status codes (e.g. 200 OK, 400 Bad Request, 404 Not found, etc.) are usually used
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OpenTox resources (1)

OpenTox considers the following set of entities as essential building blocks:

» Structures of chemical compounds

* Properties and identifiers of chemical compounds

» Datasets of chemical compounds and various properties (measured or calculated)

« Algorithms

— Data processing algorithms
» Algorithms generating certain values, based on chemical structure (e.g. descriptor calculation)
» Data preprocessing (e.g. Principal component analysis, feature selection)
 Structure processing (e.g. structure optimization)

» Algorithms, relating set of structures to another set of structures (e.g. similarity search or
metabolite generation)

— Machine learning algorithms
» Supervised (e.g. Regression, Classification)
* Unsupervised (e.g. Clustering)
— Prediction algorithms, defined by experts (e.g. series of structural alerts, defined by human
experts , not derived by learning algorithms)
a---‘;"‘-._._______:_____
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OpenTox resources (2)

 Models are generated by respective algorithms, given specific parameters

« Statistical models are generated by applying statistical/machine learning algorithms
to specific dataset and parameters

» Models can be other than statistical, e.g. expert defined rules, guantum mechanical
calculations, metabolite generation, etc. The intention of the framework is to be
generic enough to accommodate varieties of predictive models.

« Validation provides procedures independent of model building facilities (e.g.
crossvalidation) and generates relevant statistics.

e Reports

— Various types of reports might be generated, using building blocks above (e.g. validation
report can be generated using validation object, a model and a dataset).

« In addition, the following components are introduced:
— Task (asynchronous processing of computationally intensive tasks)
— Authentication and authorization (Ensuring secure access to sensitive resources)

— Ontology service (provides an RDF storage and SPARQL endpoint for resources
registration)
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Resources identification

All resources are identified via unique web address, assigned according to the URL templates

Component Description URL Template (example)

Compound Representations of chemical compounds http://host:port/compound/{compoundid}

Feature Properties and identifiers http://host:port/feature/{featureid}

Dataset Encapsulates set of chemical compounds and their property | http://host:port/dataset/{datasetid}
values

Model OpenTox model services http://host:port/model/{modeld}

Algorithm OpenTox algorithm services http://host:port/algorithm/{algorithmid}

Validation, A validation corresponds to the validation of a model on a | http://host:port/validation/{validationid}

Report test dataset. http://host:port/report/{reportid}

Task Asynchronous jobs are handled via an intermediate Task http://host:port/task/{taskid}

resource. A resource, submitting an asynchronous job
should return the URI of the task.

Ontology service

Provides storage and SPARQL search functionality for
objects, defined in OpenTox services and relevant
ontologies

http://host:port/ontology

Authentication and
authorisation

Granting access to protected resources for authorised users

http://host:port/opensso

http://host:port/opensso-pol

OpenTox
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OpenTox REST operations

Individual resources (e.g. a dataset or a model)

URI template http://host:port/{resource}/{resourceid} , e.g.
http://host:port/model/{model id} or http://host:port/dataset/{dataset id}

GET - retrieve representation of the resource
PUT - update representation of the resource
POST :

— replace representation of the resource with a new one (e.g. replace the dataset with new
content)

— initiate calculations, based on this resource (e.g. submit dataset URI to an algorithm resource and obtain a
model URI as a result)

DELETE - delete the resource

Collections of resources (e.g. list of all available models, or datasets)

OPenTOX Ideaconsult Ltd.

URI template http://host:port/{resource} , (e.g. http://host:port/model or http://host:port/dataset)
GET - retrieve representation of multiple resources ( e.g. retrieve all available algorithms)
PUT - N/A

POST - create new resource and return its URI (e.g. create a new dataset by submitting new dataset
content to the dataset service)

DELETE - N/A

bé\-.___.
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Build a predictive model

Validatiqn service
[

/validation/id

Create a model,
Run calculations with
dataset
http://host1/dataset/id

Returns the model URL
http://host1/model/id

Algorithm service

Dataset service|

Regression

Classification
Quantum Chemistry
Descriptors, etc.

Structures,
descriptors,
endpoints

HTTP POST

Build a predictive model

bé\-.___.
—
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Model se

/model/{id}

HTTP POST

Ontology service

[
Published models,
Algorithms,
Ontologies,
metadata




Uniform approach to models creation

Read data from a web address - process - write to a web address

Dataset

GET +

POST = Model

PUT

DELETE GET

POST

Feature PUT
GET DELETE
POST
PUT
DELETE

http://myhost.com/algorithm/neuralnetwork

http://myhost.com/dataset/trainingset1

Ideaconsult Ltd. 14



Use an algorithm to build a model

*An algorithm is applied by submitting
HTTP POST to the algorithm URI and
providing required parameters.

A common required parameter is
dataset_uri=http://host:port/dataset/{da
tasetid}, which specifies the data set to be
operated on.

*HTTP POST in REST style services
returns URI of the result, and not the
content of the result.

*The algorithm services are designed to
store the results into a dataset service and
return the URL of the resulted dataset.

In case of slow calculations a Task URI,

Instead of the dataset URI is returned

._________-

OpenTox L

$ curl -H "Accept:text/uri-list" -X POST -d
'dataset_uri=http://apps.ideaconsult.net:8080/ambit2/dataset/1037"' -d
'prediction_feature=http://apps.ideaconsult.net:8080/ambit2/feature/26
701' -d
'dataset_service=http://apps.ideaconsult.net:8080/ambit2/dataset’
http://opentox.informatik.tu-muenchen.de:8080/0OpenTox-
dev/algorithm/J48 -iv

* Connected to opentox.informatik.tu-muenchen.de (131.159.28.16) port
8080 (#0)

»POST /OpenTox-dev/algorithm/J48 HTTP/1.1

»> Host: opentox.informatik.tu-muenchen.de:8080

» Accept: */*

> Content-Type: application/x-www-form-urlencoded

< HTTP/1.1 202 Accepted

< Date: Sat, 31 Jul 2010 14:46:38 GMT

< Location: http://opentox.informatik.tu-muenchen.de:8080/0OpenTox-
dev/task/acdf6eac-d5a2-402c-a4e2-06cd7e3calb5s

< Accept-Ranges: bytes

< Server: Noelios-Restlet-Engine/1.1.snapshot

< Content-Type: text/uri-list;charset=1S0-8859-1
< Content-Length: 99

<

* Connection #0 to host opentox.informatik.tu-muenchen.de left intact
* Closing connection #0
http://opentox.informatik.tu-muenchen.de:8080/0OpenTox-
dev/task/acdf6eac-d5a2-402c-a4e2-06cd7e3calb5s

Ideaconsult Ltd.
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Resources: The model

h S curl -iv -H "Accept:text/uri-list" http://opentox.informatik.tu-

.When taSk URI IS returned 2 t € muenchen.de:8080/0OpenTox-dev/task/acdf6eac-d5a2-402c
returned StatUS COde IS HTTP 202 * About to connect() to opentox.informatik.tu-muenchen.de port 8080 (#0)

* Trying 131.159.28.16... connected

Accepted1 InStead Of HTTP 200 * Connected to opentox.informatik.tu-muenchen.de (131.159.28.16) port 8080 (#0)

O K > GET /OpenTox-dev/task/acdféeac-d5a2-402c-ade2-06cd7e3calb5 HTTP/1.1

'ThlS te”S the Cllent the proceSSIng > User-Agent: curl/7.18.2 (x86_64-pc-linux-gnu) libcurl/7.18.2 OpenSSL/0.9.8g
IS not completed and the client need
to poll the task URI until OK code
IS returned
*The final result, returned by
Example 25 is the URI of the new
model http://opentox.informatik.tu-
muenchen.de:8080/OpenTox-
dev/model/TUMOpenToxModel j4
8 48.
*To obtain prediction results POST
a dataset to the model URI

-_"""--.

OpenTox L

zlib/1.2.3.3 libidn/1.8 libssh2/0.18

> Host: opentox.informatik.tu-muenchen.de:8080

> Accept:text/uri-list

>

< HTTP/1.1 200 OK

< Date: Sat, 31 Jul 2010 14:47:22 GMT

Date: Sat, 31 Jul 2010 14:47:22 GMT

< Location: http://opentox.informatik.tu-muenchen.de:8080/OpenTox-
dev/model/TUMOpenToxModel {48 48

< Vary: Accept-Charset, Accept-Encoding, Accept-Language, Accept

< Accept-Ranges: bytes

< Server: Noelios-Restlet-Engine/1.1.snapshot

< Content-Type: text/uri-list;charset=1SO-8859-1

< Content-Length: 86

<

* Connection #0 to host opentox.informatik.tu-muenchen.de left intact
* Closing connection #0
http://opentox.informatik.tu-muenchen.de:8080/0OpenTox-
dev/model/TUMOpenToxModel j48 48

Ideaconsult Ltd.
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Uniform approach to data processing (e.g.

Descriptors calculation

Read data from a web address - process - write to a web address

Dataset Dataset
oo :
POST

PUT PUT

DELETE
Feature

GET
POST

PUT
)

DELETE
Feature

GET
POST
PUT
DELETE

http://myhost.com/algorithm/{descriptorX}
http://myhost.com/dataset/trainingset1

http://myhost.com/dataset/results

:-...-'-;"‘.‘._-.
——
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Uniform approach to models validation and
port generation

Read data from a web address - process - write to a web address

http://myhost.com/dataset/trainingset1

http://myhost.com/dataset/predictedresults1 Validation report

Dataset
GET
POST Report
PUT
DELETE GET
POST
. PUT
Model generating

DELETE

predictions

Model http://myhost.com/report/1

GET

POST
PUT
DELETE

OpenTox = | e

.._.________




Apply predictive models
[%el service | Oilc,gy

. Apply the model
/model/{i http://host1/model/id

to dataset
http://host2/dataset/id

HTTP POST

Published models,
Algorithms,
Ontologies,
metadata

Retrieve available
endpoints and model
URLs, e.gq.
http://host1/model/id

Returns the results
dataset URL
http://host/dataset/id

._________-
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Dataset

GET
POST
PUT
DELETE

Feature
GET
POST

PUT
DELETE

http://myhost.com/dataset/id1

http://myhost.com/dataset/results1

=--'-'-'—3‘"‘-"--._-‘_;_.--‘-=--
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Feature

GET
POST
PUT
DELETE

Uniform approach to model prediction

Read data from a web address - process - write to a web address

Dataset

GET
POST
PUT
DELETE




Uniform access to data

Dataset

GET I

[
POST Published models,
PUT

Algorithms,
DELETE Ontologies,
Feature

Ontology service

metadata

GET
POST
PUT
DELETE

Find chemical compounds, HTTP GET / POST

return dataset URL; J

Annotation

http://host2/compound/id Dataset service

Structures,
endpoints
&predictions

Publish your data, retrieve linked data.

bé\-.___.
—_—
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dataset URL

Upload data, receive
http://host2/dataset/id




RDF - Resources representation

*  The opentox.owl ontology All OpenTox components are defined by
— A common OWL data model of all OWL ontology
OpenTox resources http://opentox.org/api/1.1/opentox.owl
— Describes OpenTox resources All resources are subclasses of

ot:OpenToxResource

ot:OpentoxResource

— Describes relationships between them
— Generates object's RDF representations. o
ot Algort otFealure ot FealureValue ot:DataEntry

«  RDF/XML representation is mandatory for D D D
OpenTox resources.
» Uniform approach to data representation
— Calculated and measured properties of
chemical compounds are represented in an apute e j’“
unlform Way D o -- -—'Eﬁ}mw.mset
— Linked to the resource used for data J‘
= tvaldationModel - otvaidationPestiitizsBhtaset
generation bt L

— Annotated via ontology entries E S ki % % D

— Model representations link to algorithms

and data used
s<__

OPenTox L Ideaconsult Ltd.
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http://opentox.org/api/1.1/opentox.owl

Resources: Chemical compound

Compound
Provides different representations for
chemical compounds with a unique and

defined chemical structure.
/compound/{id}

Conformer
Icompound/{id}/conformer/{id}

Documentation
http://opentox.org/dev/apis/api-1.1/structure

Representation

A subclass of ot:OpenToxResource.
Supports different Chemical MIME
formats

RDF representation only for specifying
owl:sameAs links to external resources

S S
OpenTox =

Example 1. Retrieve compound as MOL

S curl -H "Accept:chemical/x-mdl-molfile"
http://apps.ideaconsult.net:8080/ambit2/compound/1
CH20
APtclcactv09040902283D 0 0.00000 0.00000
430000000 0999V2000
-0.6004 0.0000 0.00010 0O0O0OO0OOO0O0OO0OO0OO0OO0OO
0.6072 0.0000 -0.0004C 0O0O0OOOOO0OOOOO0DO
1.1472 0.9353 0.0016H 0 0O0O0OO0OOO0OOOOOO
1.1472 -0.9353 0.0016H 0000OO0O00OO0OO0O0O0O
1220000
2310000
2410000

Example 2. Retrieve compound as SMILES

S curl -H "Accept:chemical/x-daylight-smiles"
http://apps.ideaconsult.net:8080/ambit2/compound/1
0=C

Example 3. Query compounds

S curl —H Accept:chemical-mime “
http://apps.ideaconsult.net:8080/ambit2/query/compound/{any-identifier-or-keyword}

S curl —H Accept:chemical-mime “
http://apps.ideaconsult.net:8080/ambit2/query/smarts?search={smarts}
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Resources: Feature

Feature Propertles_ | .
A Feature is a resource, representing any *Name, defined by dc:title (Dublin Core namespace );

kind of a property or identifier, assigned to *Units, defined by ot:units annotation property (OpenTox

a Compound. namespace);
The feature types are determined via their «Creator, defined by dc:creator annotation property
links to ontologies (Feature ontologies, (Dublin Core namespace);
Decsriptor ontologies, Endpoints *The origin of the Feature is defined by ot:hasSource
ontologies). object property (OpenTox namespace) element and can be
/feature/{id} ot:Algorithm, ot:Model or ot:Dataset;

Relations to other resources, which represent the same
Documentation entity, could be established via owl:sameAs property.

http://opentox.org/dev/apis/api-1.1/feature This approach can be used for example to link the
ot:Feature resource to a resource from another ontology

Representation (an example follows)
ot:Feature, a subclass of *There are subclasses of ot:Feature (namely), which are
ot:OpenToxResource. used ot:NumericFeature, ot:StringFeature,
Mandatory RDF/XML format ot:NominalFeature denote if a feature holds numeric,
N nominal or string values.
= ""-.__.._.__-____:_
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Resources: Feature (an example)

The example shows an OpenTox feature with

title “XLogP” and identified by the URI
http://apps.ideaconsult.net:8080/ambit2/feature/22114

Linked to an entry of a simplified ontology
of toxicological endpoints

The algorithm used to generate values for
this feature
*Specified by ot:algorithm property

*identified by the URI
http://apps.ideaconsult.net:8080/ambit2/algorithm/org.ope

nscience.cdk.gsar.descriptors.molecular.XLogPDescriptor

*Note the URI identifies an OpenTox
Algorithm resource

*The algorithm URI itself is dereferensable
*Can be used to initiate calculations of XLogP
descriptor.

—n-.—-____‘-

OpenTox L

$ curl -H "Accept:application/rdf+xml"
http://apps.ideaconsult.net:8080/ambit2/feature/22114
<rdf:RDF

xmlns:ot=http://v .opentox.org/api/1.14#

xmlns.otee:"http.//www.opentox.org/echaEndpoints.owl#"
xmlns:dc="http://purl.org/dc/elements/1.1/"
xmlns="http://apps.ideaconsult.net:8080/ambit2/"
xmlns:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmlns:owl="http://www.w3.0rg/2002/07/owl#"
xmlns:xsd=http://www.w3.0rg/2001/XMLSchema#
xmlns:rdfs="http://www.w3.0rg/2000/01/rdf-schema#"

xml :base="http://apps.ideaconsult.net:8080/ambit2/">

<owl:Class rdf:about="http://www.opentox.org/api/l.1#Algorithm"/>

<owl:Class rdf:about="http://www.opentox.org/api/l.l#Feature"/>
<owl:Class rdf:about="http://www.opentox.org/api/1l.l#NumericFeature">
<rdfs:subClassOf
rdf:resource="http://www.opentox.org/api/1.
</owl:Class>
<ot:NumericFeature rdf:about="feature/22114">
<ot:hasSource>
<ot:Algorithm
rdf:about="algorithm/org.openscience.cdk.gsar.descriptors.molecular.XLo

1#Feature"/>

gPDescriptor"/>

</ot:hasSource>

<owl:sameAs rdf:resource="otee:0Octanol-
water partition coefficient Kow"/>

<dc:title>XLogP</dc:title>
<rdf:type rdf:resource="http://www.opentox.org/api/l.l#Feature"/>
</ot:NumericFeature>

</rdf :RDF>
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http://www.opentox.org/api/1.1
http://www.w3.org/2001/XMLSchema

Resources: Feature (an example)

An example (N3) of another ot:Feature
resource, XLogP descriptor (again)

*Generated by different implementation.

*In this case, its name is

“TUM_CDK XLogP”, and the algorithm
resource used to generate resides at Technical
University of Munich (TUM) premises

http://opentox.informatik.tu-muenchen.de:8080/OpenTox-
dev/algorithm/CDKPhysChem/XLogPDescriptor.

This algorithm URL could also be used to
Initiate descriptor calculations.

*The representation of Algorithm resources
refers to the BlueObelisk ontology entry

http://www.blueobelisk.org/ontologies/chemoinformatics-
algorithms/#xlogP

—n-.—-____‘-

OpenTox L

S curl -H "Accept:text/n3" http://apps.ideaconsult.net:8080/ambit2/feature/26184

@prefix ot:  <http://www.opentox.org/api/1.1#> .

@prefix dc:  <http://purl.org/dc/elements/1.1/> .

@prefix : <http://apps.ideaconsult.net:8080/ambit2/> .

@prefix rdfs:  <http://www.w3.0rg/2000/01/rdf-schema#> .
@prefix owl:  <http://www.w3.0rg/2002/07/owl#> .

@prefix xsd:  <http://www.w3.0rg/2001/XMLSchema#> .

@prefix rdf:  <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#> .
@prefix af:  <http://apps.ideaconsult.net:8080/ambit2/feature/> .

ot:hasSource
a owl:ObjectProperty .
ot:units
a owl:DatatypeProperty .
ot:Feature
a owl:Class .
ot:NumericFeature
a owl:Class ;
rdfs:subClassOf ot:Feature .
af:26184
a ot:Feature , ot:NumericFeature ;
dc:creator "http://ambit.uni-plovdiv.bg:8080/ambit2" ;
dc:title "TUM_CDK_XLogP" ;
ot:hasSource <http://opentox.informatik.tu-muenchen.de:8080/0OpenTox-
dev/algorithm/CDKPhysChem/XLogPDescriptor> ;
ot:units "" ;
=  otee:Octanol-water_partition_coefficient_Kow .

Ideaconsult Ltd. 2%




Toxicity endpoints ontologies

*Derived from ECHA classification of
endpoints, published in REACH guidance
documents

*Physicochemical properties and various
toxicological endpoints

*The hierarchy doesn’t represent the
complexity of toxicological assays, but
can be used as a first approximation to
assign meaning to the data entries and
generate REACH report.

*More specific description of toxicological
assays can be used as well.

*Ontologies for specific toxicity assays are
developed by OpenTox partners

‘—--...-'-;"‘.‘.—-‘-.
——

OpenTox 2

*The ECHA endpoints ontology
http://www.opentox.org/echaEndpoints.owl

For Project: @ echa-endpoints

Class Hierarc hy

v otee:Endpoints

»> otee: EcotoxicEffects

> otee:EnvironmentalF steParameters

v otee:HumanHeathEffects
otee: Acute_photoirritation
atee: AcuteDermal Toxicity
otes: AcutelnbhalationToxicity
otes: AcuteCral Toxicity
ates: Carcinogenicity

v otes: Endocrine & ctivity

otes: Receptor-binding
otee:Receptor_hinding_and_gene_expression

ates: Eye_irritation_carrosion

otes:In_vivo_pre-natal-developmental_toxicity
otee: Mutagenicity
ates: Photocarcinogenicity
otes: Photomutagenicity
otesPhotosensitisation
otee:Repeated_dose_toxicity
otee:Respiratory _sensitisation
otee: SkinlrritationCorrosion
aotee: SkinSensitisation (1)

> otes: PhysicoChemicalEffects

> otes: Toxicokinetics

otee: Cther_e.q._inhibition_of _specific_enzymes_invalved_in_harmone_synth)

otes:In_vitro_reproductive_toxicity_e.q._embryotoxic_effects_in_cell_culture_sud =

ateen_vivo_pre-_peri-_post_natal_development _and_or_fertility_1_or_2_gen._5|

[

41

<] e

[
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http://www.opentox.org/echaEndpoints.owl

Resources: a feature

An illustration of ot:Feature,

imported from a file and not
calculated.

The example shows a feature,

representing EINECS
number, imported from the
ECHA preregistration list

.__________

OpenTox L

curl -H "Accept:application/rdf+xml"

http://apps.ideaconsult.net:8080/ambit2/feature/3

<rdf:RDF
xmlns:ot=http://www.opentox.org/api/1.1#
xmlns="http://apps.ideaconsult.net:8080/ambit2/"
xmlins:af="http://apps.ideaconsult.net:8080/ambit2/feature/"

xml:base="http://apps.ideaconsult.net:8080/ambit2/">
<ot:Feature rdf:about="feature/3">

dc:creator>
<ot:hasSource>ECHA...</ot:hasSource>
<owl:sameAs rdf:resource="http://www.opentox.org/api/1.1#EINECS" />
<ot:units></ot:units>
<dc:title>EC</dc:title>
</ot:Feature>
</rdf:RDF>
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http://www.opentox.org/api/1.1

Feature: summary

* OpenTox Feature resource uniquely identifies
properties and identifiers, assigned to a
compound, via feature URIs.

 These URIs are dereferencable

* Allow to assign different levels of meaning, by
linking to entries to ontologies (e.g. algorithms or
toxicological endpoints ), as well as linking to the
algorithms, which can be used to generated
property values.

* The same approach can be used to denote assays,
provided that the assay is defined by an
ontology, species, functional groups, etc.

S S
OPenTOX - Ideaconsult Ltd.



Resources: Dataset

Datf_;lset _ _ Operations
Provides access to chemical compounds and their POST — Upload a dataset

features (e.g. structural, physical-chemical, PUT — Update the dataset content
blologlcal tOX|coIog|caI properties) DELETE — Remove the dataset

& = -

Ele fdit View Higory Gookmarks Tooks Help

@ c 5 be — 2 Representation

& Dicsbler & Cookies i €SS~ (] Forms= @ Images () Information- | Miscellaneous~ . Outiine- | & Resize- * Took~ (1] View Sourcer - Options~ v

Witp/appsidesconsult net8080/am... |

Mip:iapps Jdeaconsut net808 /ambit2/catasetIR45 . s@az: RDF/XML (mandatory)

e i ™™™ *The dataset consists of data entries.
e i Each entry is associated with exactly one
chemical compound, identified by its
S T
Compound service API;

*One and the same compound can be

d ltp' ‘apps.ideaconsult.net:
I 144824/conformer/419615
values feature TopoPSA

Ziopcnres associated with multiple dataset entries;

*Every “column” is associated with a
Feature, its representation should be
available via OpenTox Feature API

._________-

""-.._
E—
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Resources: Dataset

@prefixad:  <http://apps.ideaconsult.net:8080/ambit2/dataset/> .
@prefixaf:  <http://apps.ideaconsult.net:8080/ambit2/feature/> .
@prefixot:  <http://www.opentox.org/api/1.1#> .

ad:9 a ot:Dataset ;

ot:dataEntry
[a ot:DataEntry;
ot:compound

<http://apps.ideaconsult.net:8080/ambit2/compound/413/conformer/409421> ;

ot:values
[a  ot:FeatureValue;
ot:feature af:21576 ;
ot:value "3.309999942779541"*xsd:double
l;
ot:values
[a  ot:FeatureValue;
ot:feature af:21573 ;
ot:value "3.0""xsd:double

]

._________-

OpenTox L

Representation

The dataset services optionally
support formats other than RDF

«text/csv (Comma delimited),
«text/x-arff (Weka ARFF),
«application/pdf,
chemical/x-mdl-sdfile,
cother Chemical MIME formats

This allows retrieving the same data
in convenient format, but the URL
links to compound and feature
resources are being lost

Ideaconsult Ltd.
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Dataset : metadata and features

Description URI Template
Retrieve entire dataset content. If uri-list, | http://host:port/dataset/{id}

retrieve only compound URIs
Retrieve representation of features (columns) | http://host:port/dataset/{id}/feature

of the dataset
Retrieves dataset metadata (name, etc.) http://host:port/dataset/{id}/metadata

S curl -H "Accept:application/rdf+xml" http://apps.ideaconsult.net:8080/ambit2/dataset/9/metadata

<rdf:RDF
xmlns:ot="http://www.opentox.org/api/1.1#"
xmlns:rdfs="http://www.w3.0rg/2000/01/rdf-schema#"
xml:base="http://apps.ideaconsult.net:8080/ambit2/">
<ot:Dataset rdf:about="dataset/9">
<dc:source>ISSCAN_v3a_1153_19Sept08.1222179139.sdf</dc:source>
<dc:publisher>somebody</dc:publisher>
<rdfs:seeAlso>
<bx:Entry rdf:about="reference/20117">
<rdfs:seeAlso>http://www.epa.gov/NCCT/dsstox/sdf_isscan_external.html</rdfs:seeAlso>
<dc:title>ISSCAN_v3a_ 1153 19Sept08.1222179139.sdf</dc:title>
</bx:Entry>
</rdfs:seeAlso>
<dc:title>ISSCAN: Istituto Superiore di Sanita, CHEMICAL CARCINOGENS: STRUCTURES AND EXPERIMENTAL DATA</dc:title>
</ot:Dataset>
</rdf:RDF>

S S
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http://host:port/dataset/{id}
http://host:port/dataset/{id}
http://host:port/dataset/{id}
http://host:port/dataset/{id}
http://host:port/dataset/{id}
http://host:port/dataset/{id}/feature
http://host:port/dataset/{id}/feature
http://host:port/dataset/{id}/feature
http://host:port/dataset/{id}/feature
http://host:port/dataset/{id}/feature
http://host:port/dataset/{id}/metadata
http://host:port/dataset/{id}/metadata
http://host:port/dataset/{id}/metadata
http://host:port/dataset/{id}/metadata
http://host:port/dataset/{id}/metadata

Data publishing

1)POST a file with chemical structures and properties to

OpenTox dataset service.
*The structures and data are assigned a dataset URL and
become available by multiple formats (RDF, Chemical
MIME, CSV, Weka ARFF)

2)Assign metadata

*PUT /dataset/{id}/metadata Ao
3)Annotate any of dataset features onleples
. . : : Toxiciology related
/dataset/{id}/feature by assigning links to relevant ontologies
ontologies

PUT /feature/{id}

HTTP GET / POST =

Find chemical compounds, Dataset service
return dataset URL; —
http://host2/compound/id Structures,

[ Upload data, receive endpoints

dataset URL ..
http://host2/ dataset/id &predictions

Annotation

.__________

OpenTox L




Resources: Algorithm

Algorithm
Provides access to OpenTox algorithms. There are several algorithm services, developed by
different OpenTox partners. List of algorithms can be retrieved by HTTP GET operation at
http://host:port/algorithm

curl -H "Accept:text/uri-list" http.//opentox.informatik.tu-muenchen.de:8080/0penTox-
dev/algorithm
http://opentox.informatik.tu-muenchen.de:8080/0OpenTox-dev/algorithm/kNNclassification
http://opentox.informatik.tu-muenchen.de:8080/OpenTox-dev/algorithm/J48
http://opentox.informatik.tu-muenchen.de:8080/0OpenTox-dev/algorithm/kNNregression
http://opentox.informatik.tu-muenchen.de:8080/OpenTox-dev/algorithm/PLSregression
http://opentox.informatik.tu-muenchen.de:8080/0OpenTox-dev/algorithm/M5P
http://opentox.informatik.tu-muenchen.de:8080/0OpenTox-dev/algorithm/GaussP
http://opentox.informatik.tu-muenchen.de:8080/0OpenTox-dev/algorithm/FTM/{smiles}
http://opentox.informatik.tu-muenchen.de:8080/OpenTox-dev/algorithm/gSpan/{smiles}
http://opentox.informatik.tu-muenchen.de:8080/0OpenTox-dev/algorithm/CDKPhysChem
http://opentox.informatik.tu-muenchen.de:8080/OpenTox-dev/algorithm/JOELIB2
http://opentox.informatik.tu-muenchen.de:8080/OpenTox-dev/algorithm/InfoGainAttributeEval

._________-

""-.._
E—
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http://host:port/algorithm

Resources: Algorithm

Representation

Multiple type of algorithms:
descriptor calculation algorithms,
machine learning procedures
data preprocessing.

The representation of algorithms is again defined by
Opentox ontology, where all algorithms are subclass of
ot:Algorithm

Algorithm types ontology

OpenTox

http://opentox.org/data/documents/development/RDF%?2
Ofiles/AlgorithmTypes

provides a classification of algorithm types.

Algorithm type in RDF representation is set by direct
subclassing (rdf:type) of a class from the algorithm types
ontology (ota:http://www.opentox.org/algorithms.owl ),
e.g. <myalgorithm> rdf:type ota:Classification.

.__________

""-.._
E—

Ideaconsult Ltd.

“« AlgonthmTypes Protégé 341  (file\EA\src-explontology\sec)

fle Edt Project QWL  Beascaing Code Jools Yndow

12 E TER T w1

r @ Metadata(aorthmTypes owl) _e OWLClasses | I Propen

R —)
© @ AgortheTypes
¥ e
wi Thing -
v 0 ctaAlgorthm Type
© cta ApphcabityDoman
v ctaDescrptorCakcuation
© ctaPatterrMiring
0 ctaPrarmacophoreGennrstion
@ ctaFriyscoChemcsl
0 cta QuartumChemicel
© ot SimdartyDistance
0 cta Tepologest
¥ D ctaMSOMTOx
0 cta Custering
v © ctalearning
© ota Cassificaton
0 otaEogerLoaming
® ctaLanyleaning
O aRegession
© ctaMutipie Targets
© ctafues
© cta SnghaTarget
v © caPreprocessing
© s OsteCiearnp
© cta Discretization =
© ctaFestireSalecton
B ctaNormakzation
© ot SemiSupervised
0 ctxSupervised -



http://opentox.org/data/documents/development/RDF files/AlgorithmTypes
http://opentox.org/data/documents/development/RDF files/AlgorithmTypes
http://opentox.org/data/documents/development/RDF files/AlgorithmTypes

OpenTox

Resources: Algorithm

Representation

*Algorithm name is defined by dc:title
Parameters, supported by the algorithm are
specified via object property ot:parameters
and should be of class ot:Parameter (as
defined in opentox.owl).

These entries serve as a information what
parameters are required in order to run the
algorithm, the values itself should be
provided by the client when initiating the
calculations via POST.

*Algorithm types are distinguished by
means of Algorithm types ontology.

._._______

""-.._
E—

S curl -H "Accept:application/rdf+xml"

http://apps.ideaconsult.net:8080/ambit2/algorithm/J48

<rdf:RDF
xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmins:ot="http://www.opentox.org/api/1.1#"

xmlins:ota=http://www.opentox.org/algorithmTypes.owl#

<ota:Supervised

rdf:about="http://apps.ideaconsult.net:8080/ambit2/algorithm/J48">

<dc:title rdf:datatype="http://www.w3.0rg/2001/XMLSchematstring"

>Classification: Decision tree J48</dc:title>
<rdf:type

rdf:resource="http://www.opentox.org/algorithmTypes.owl#Classification"/>
<dc:description rdf:datatype="http://www.w3.0rg/2001/XMLSchemattstring"
></dc:description>
<rdf:type

rdf:resource="http://www.opentox.org/algorithmTypes.owl#SingleTarget"/>
<dc:publisher rdf:datatype="http://www.w3.0rg/2001/XMLSchemattanyURI"
>Somebody</dc:publisher>
<rdf:type

rdf:resource="http://www.opentox.org/algorithmTypes.owl#EagerLearning"/>
<rdf:type rdf:resource="http://www.opentox.org/api/1.1#Algorithm"/>
<dc:date rdf:datatype="http://www.w3.0rg/2001/XMLSchemattdateTime"
>Sat Jul 31 17:11:26 EEST 2010</dc:date>

</ota:Supervised>
</rdf:RDF>

Ideaconsult Ltd.



http://www.opentox.org/algorithmTypes.owl
http://www.opentox.org/algorithmTypes.owl
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Resources: Model

« Representations of predictive models.

* A Model is created by HTTP POST to an
ot:Algorithm with specific parameters
and/or input ot:Dataset.

@ hp i i hen.de:5080/OpenT. JMOp | PLSregression_1 - Moilla Firefox [EIE==)
Fle Edit View History Bookmarks Tools Help
- o ’\5 || httpy//opentoxinformatik.tu-muenchen,de:8080/ OpenTox-dev/model/ TUMOpenToxhodel | 17 - | - Google P
@ Dissble & Cookies~ || €SS ] Forms~ [ Images- @ Information- " Miscellaneous~ ./ Outline- 1 § Resize /* Tools® 1= View Source -~ Qptions®
|| httpi/fopentox.informatik.tu-muenc... | -
A Ky A (] m
¥ OpenTox model created with TUM's PLSregression model learning web service. @ e @ & . D
Dataset type Class
Algorithm type Class
Feature type Class
Model type Class
predicted Variables type AnnotationProperty
independent Variables type AnnotationProperty
OpenTox model created with TUM's PLSregression model Creator SOME user.
leaming web service Date Thu May 27 14:22:45 CEST 2010
Format N/A
Title OpenTox model created with TUM's PLSregression model leaming
web senice
algorithm fittp:/Japentox informatik tu-muenchen de 8080/OpenTox-
devﬂa\gumhm/PLSregress\un
dependem Variables http://apps ideaconsult net-| ffeature 00
Variables http://apps id It net- feature/22127
http.//ap; et ffeaturei22137
http:. //apps \dsa:nnsu\t net-8080/ambit2/feature/22213 -
http://apps.ideaconsult net: Heature/2225
predicted Variables http://ap;  net: 2feature/27500
training Dataset th//ann It net R54
type Model
http://apps.id It net- feature/22127 type Feature
http://apps.id: It net-| d RE4 type Dataset
Pttp://app: net: 2lfeaturef22137 type Featurs
http://apps id: It net-! ffeature/27500 type Feature
http://apps id It_net:| ffeat 00 type Feature
http:/fopentox informatik tu-muenchen de-8080/OpenTox- Date Thu May 27 14:22:45 CEST 2010
devialgorithm/PLSregression Identifier http://apentox informatik tu-musnchen de8080/OpenTox-
dev/algorithm/PLSregression -
§ Done £:@

—-"'—-______.
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Representation

Model Name is defined by dc:title property

Model creator might be defined by dc:creator
property

The date of Model creation is defined by dc:date
property

The Algorithm defined by ot:algorithm object
property

The independent variables are instances of
ot:Feature defined by ot:independentVariables
property (can be multiple)

The dependent variables are are instances of
ot:Feature and are defined by
ot:dependentVariables property (can be multiple)
The variables, where prediction results will be
stored, are are instances of ot:Feature and are
defined by ot:predictedVariables (can be multiple)

Parameters are defined by ot:parameters

The training Dataset is an instance of ot:Dataset and
defined by ot:trainingDataset




Linked resources:

Compound, Algorithm, Model, Dataset, Features
Model

Dataset

@ hﬂp://cpemax‘infan'mik‘(u-muenchen.dezBOBO/OpenTcn-dev/mudeWUMOpenloxMode\_PLSy(/ e -
File Edit View Higtory Bookmarks Tools Help % reso u rce / @_, c¢ & O (@ p— P — Reso u rce
) c Q /'\\ 7 Hipdlopentox hendeBXB) OpenTord e TUMOpenTarodel | 7 + .' 0 @ Diszbler & Cookies 1 CS5* ] Forms & Images~ @ Information® ) Miscellaneous® /' Outiner | § Resizer o Tools® £2) View Source®
- 5] hitpuiappsideaconsult net80B0/am.. |
9 Disabler & Cookiesw 1 €55 ] Forms 9 Imagesr @) Information . Miscellaneous ./ Outline= ,: Resize” f Tools @ ViewSourcer -/ Options™ ¢/ r -
. = vhttp:liaxps.ideaconsuIt.net:BOBOIambit2ldataseUR545 < &4 x
| http://opentox.informatik tu-muenc... | -
A hﬂp:/fa@deaconsult.nel:BOBOiamb\tZ/dalasetfRSdS data Entry  compound hltp‘f/apps.\deacOHSMHet:BDEOJ‘ambithcnmpound
= 2 AW M L 138/conformer/419609
¥ 0penTox model created with TUM's PLSregression model leaming web service. @% w [{: Q = n values feature TopoPSA
: Feature value 6.480000019073486
Dataset type Class N . Feattﬂe!’dg
Agorthm pe Clss : DeSC I pto r Bature nHBDon S
Algor]th m ;A”d‘“‘w type E:SSS : Feature value |0: 0 v ‘.
. lodel type ass eature Value . =
service<= § P Varales ype AamotsiorPropety o resource Be2 Nl —
indepencent Wigbles type AnnatationProperty < ¢ re value -4, 84@9904632565
penTox model crea?bmlh TUMSs PLSregression model ~ Creator SOME user. a o ® Feature Palue
— camng eb ence ‘_ Date Tha May 27 14:2245 CEST 2010 o*" feature WNSA-3 ‘_
— . Fomat A o Feature value -4.374800005200713 | eature
* P Title OpenTox model created with TUM's PLSregression r&uﬂ\ leaming type Feature vaEe .
Yo, . web sence. feature FPSA-2 service
¥ u g i hittp:/fapentox informatik tu-mugnchen.de: 8080/ OpnTux Assay Feature value 0 879700003544739
dev/algorithm/PLSregression type Feature Value®
Featu re dependent Variables http//apps.ideaconsult net: EUﬂﬂ/amb\tQFeaIu@QQUU T @ I ‘ﬁ
. an independent Vanables  http:/fapps.ideaconsult net:8080/ambit2featuge/22127 reso u rce empound h‘ttp apps.| f:am"z;"ﬁféeﬁ ambit2/compoling ,  of ®
service Tug, hitpiapps.ideacansult et 080 ambitfeeie22137 UL -
il .. fittp/apps.ideaconsult.net:8080/ambit2fegfure/22213 - values ;??5%3:932881328
a, tp:/apps ideacansul net 030/ambit ogture/22252 ature value
" 8w om wymice Vaiatles  fttpfapps ideaconsultnet B080/ambitfoture 27300 Featura Value
training Dataset fttp:/iapps ideaconsult net8030/ambit2/dBtaset/RA45 feature nHBDuH E
type Model Feature value 5.0 ‘
Pitp:fapps ideaconsult net:3080/ambit2feature/22127 type Feature . type Feature \ialue
itp://apps ideaconsult net:8080/ambit2/dataset R34 type Dataset C h l feature caco2
htp://apps ideaconsult net-8080/ambit2leature/22137 type Feature e m l C a Feature value -5.92000007&33945
Pitp://apps ideaconsut net-8080/ambit2ffeature/27500 type Feature type Feature Value "o CO m p oun
Fttpfapps ideaconsult net-8030/ambit2feature/22200 type Feature Co m p O u n d feature WNSA-3 .
g opentoxinfurmat tu-muenchen de 30800penTox e The May 27 1422:45 CEST 2010 Fealure value su287oeasaatess | d service
devialgorithm/PL Sregression | dentifier fitpfopentox informatik tu-muenchen.de-8080/OpenTox- type Feature Value
devialgorthm/PLSregression i feature FPSA-2
- Feature value 2.147799968719482¢
§ Done 0 type Feature Value
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Linked resources:

Compound, Algorithm, Model, Dataset, Features

Dataset

Hie Edit View History Bookmarks Jools Help . -
O C X 0 & Ermrmiom | ROSOUrCe — = Dlue Obelisk
@ Dissble- & Cookies 1 €55 ] Forms~ & Images- @ Information ) Miscellaneous® -/ Outine-  § Resizes 5 Tools~ 2] View 3 Disbler 3 Contess €55 ) Formse 1 msges () bomton  Miscelmeouse _ Outier || Bser | Tooks 2 View Sourr - Options al g or |th ms
| [ nttpu/rappsideaconsuit.net:8080/am. . B ; = @77 0nt0|Og
“hitp://apps.ideaconsult.net:8080/ambit2/dataset/R545 a5 @ ax http:/lapps.ideaconsult net:8080/ambit2/feature/22213 )
http://apps.ideaconsult.net:8080/ambit2/dataset/R545  data Entry  compound http://apps.ideaconsult.net:8080/ambit2/compound . :
/38/conformer/419609 Name of the algorithm ~~ type Class .
values feature TopoPSA fype Class :
Feature value 6.480000019073486 > Numeric Feature type Class 0
type Feature Value K 4° subClassOf N
D es C r.i t o r feature nHBDon: o Source type ObjectProperty ® susn®
p Feature value 0.0 ann® Units type DatatypeProperty .0
type Feature Value AHBDon samehs http://www blugobelisk org/ontologies/chemoinf -algorithms &
resource feature caco2 f4nBondDonors —
Feature value +.849999904632568 Title HBDon =
type Peature Value Source ittp://apps deaconsult net:8080/ambit2/algorithm:
feature ‘&NSA-3 Jorg.openscience.cdk.gsar.descriptars.molecular HBondDonorCo l‘lnﬂcrv‘
Feature value -#374800205230713 Units 1
type Féature Value type Numeric Feature i
feature FP@A-2 Reg re_S.S] On_
A Feature valuz 0.877000050544739 Classification
SS a type Featige Value n
uantum
y compound hl:lp /lapps.ideaconsult.net: BD&O:‘alqu.’mnpuund ke = = Q .
1144824 /conformer/419615 Fle Edt View Hlstmy Bovkmarks Tools Help Chemlstl’y .
reso u rce values  feature TupoPSk @— C & E hplimsion Heatue/ 22207 roesfa=plceonFHlEuml
Feature value 210.539993ii61328 @ Disabler 3 Cookies” ] CS5- = Forms- ¥ Imagesr ) Information- " Miscellaneous= /" Outfiner | 3 Resize-  Tools~ [2) View Source- >
type Feature Value “ | 2] Mt appsdeacnsitnet 0Bl .. B
feature nHBDon .0 — O en TO X
R & il
t’::amre value .’;.Ot Val * .. "http:iapps.ideaconsult net:8080/ambit2/feature/22200 - w 4 Q - = Ip . h
pe eature Value b algorithm t es
feature caco? r ) fype Cless g yp
. Feature value -5.920000076293945 funeicPetee e st ontology
C h ml Ca l e Feature Value —
e typi Saurce ype ObjectPropery suNEER,
feature WNSA-3 Units type DatatypePropaty Y A e,
.
d Feature value -64.12879943847656 canal Title caco? 4
c o m p O u n type Feature Value Source cil45864m_caco2 traning_set sdf :
Units . .
feature FPSA-2 e ot P . Toxiciology related
Feature value 2.147799968719482« samels Gasirmtesiina absarption an?® g
type Feature Value ontolo gies
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Make the model available

Register at OpenTox ontology a

service Model servic
— RDF tripple storage /model/{id}

— Accepts HTTP POST

— SPARQL endpoint

Curl -X POST -d
“uri=http://apps.ideaconsult.

HTTP POST

Ontology service

[
[
Published models,
Algorithms,
Ontologies,

metadata

net:8080/ambit2/model/57”
http://apps.ideaconsult.net:8

080/ontology

Becomes visible for applications

-
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http://apps.ideaconsult.net:8080/ontology
http://apps.ideaconsult.net:8080/ontology

Services implementation by partner and

service type

All components are implemented as REST web services.
There could be multiple implementations of same type of
components.

(Subset of) services could be hosted by the same provider, or
by multiple providers on separate locations.
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OpenTox Is A Framework

« Toxicity data

e Predictive models

e Validation support

e Interpretation aids

« Toxicologists

e Modelers

e API for new algorithms
development & integration

» To optimise impact

 To allow inspection / review
Open Source  To attract external

contributors

Framework

Unified Access

OpenTox services can be used to develop specific applications , or embedded in
workflow systems

.__________

OpenTox L



Demo applications

» Two end user oriented demo applications, making use of OpenTox
webservices, have been developed, deployed and are available for

testing - http://toxcreate.org and http://toxpredict.org ;
« ToxCreate creates models from user supplied datasets;

« ToxPredict uses existing OpenTox models to estimate chemical
compound properties
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http://toxcreate.org/
http://toxpredict.org/

RDF: Lessons learned

OpenTox specific
— it hasn’t started as Linked data/RDF project!
REST and RDF mix is not (yet?) popular

... but is natural to be able to retrieve (partial)
resource representation, described by triples

Steep learning curve

Some hard topics:
— Data model vs. format

— The subject-predicate-object concept vs.
tabular/hierarchical/other implicit structure

— The recognition of the added value ?
« XML, JSON, YAML, plain text etc. vs. RDF

S S
OPenTOX - Ideaconsult Ltd.




RDF: Performance

RDF representation is ... and in-memory RDF
verbose ... libraries are slow ...

A dataset with 320 chemicals, 60 columns

IDEA f Tests / Cellumen

File size (kB) of RDF/XML, N3, CML, SDF, CSV, and SMILES

representations of two datasets ot
20000 n iﬁzﬂi’%‘ ? ﬁ j D E ’.-, T ;i [
c
18000 &
’ L
16000
|
14000 [:]
Mon 18: 00 Tue 60:00 Tue 06: 0@ Tue 12: 00
g 12000 B ROF 5.4 s av md 0.0 % av ls 3.1 s av sd 1.8 an/as
10000 W N3 6.9 s av nd 0.0 % av ls 1.5 s av sd 4.5 anfas
B SDF 959.5 ms av nd 0.0 % av ls 153.0 ms av sd 6.3 anfas
8000 I csv 819.7 ms av md 0.0 % av ls 106.4 ms av sd 7.7 amfas
O URT 31.7 ms av mnd 0.0 % av 1ls 2.1 ms av sd 15.1 am/as
6000 O SMILES 74.2 ms av nd 0.0% av ls 96.5ms av sd 768.7 m am/as
1000 Tue Aug 17 14:20:32 2010
2000
0 = —
RDF/XML | TEXT/N3 CML SDF csv Inchl URI SMILES A d \ " h 6500 h |.1.1 o l 2 l
 Toxcast Cellumen (320 compounds, 60 ataset ]t C e ]Ca S’ 1 CO umns
columns) 5058 4113 1317 980 228 33 23 12
M Benchmark mutagenicity dataset (6512
17272 14696 13219 7182 1834 522 353 171 IDEA / Tests / Mutagenicity
compounds, 12 columns)

Seconds

m
=1
@
o
-1

Tue 12:08

... lack of streaming i

B ROF 55.5 s av md 0.0 % av ls 4.4 s av sd 12.8 am/as

O |_E] 56.3 s av md 0.0 % av 1s 4.5 savsd 126 am/fas
B soF 33.8 s av nd 0.0 % av ls 3.4 s av sd 9.9 am/as

o060 | csv 33.3 s av md 0.0 % av 1s 4.8 s av sd 6.9 am/as

O URI 330.0 ms av md 0.0 % av ls 135.2 ms av sd 2.4 am/as

B sMILES 2.0 s av md 0.0 % av 1s 4.3 s av sd 460.3 m am/as

Tue Aug 17 14:20:32 2010
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RDF: Wish list

« Convenient explanation of subject-predicate-
object concept for beginners

« A (high performant) triple storage should not be
a mandatory requirement to publish RDF data

» Fast streaming parsers and writers

* (terse) JSON serialisation

* Security

» Synchronisation of distributed RDF content

S S
OPenTOX - Ideaconsult Ltd.



Thank you!

Build an application with OpenTox REST Web Services API
http://opentox.org/dev/apis/api-1.1

Download AMBIT Implementation of OpenTox API
and launch your OpenTox service
http://ambit.sourceforge.net
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