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An Intelligence Plane to better
control Intelligence Services Legecy prchizctire - IneBgence Layerad

App-API App-API
* The Decentralization of Intelligence

Services requires a layering approach
* Decouple concerns Intelligence

. Functions ! .
* Allow more atomic management Intelligence
Services

e Offer Interoperability potential
* Provide dafca and processing management
at the service level instead of the

application level OS-Platform OS-Platform

App-Services App-Services

Hardware Hardware




Intelligence Services examples

Intellicence models

Almost any type of ML model can be
expressed as a service:

* Recognition (speech, object, face, etc.)
* Prediction (text, actions, etc.)

* Anomaly detection

* Synthetic generation

 Clustering

* Recommendation (based in pattern
recognition, rating, etc.)

e Analytics, etc.

Applications makes use of APIs to access intelligence services from an “intelligence layer”

Intelligence Stratum for loT. Architecture Requirements and Functions



https://www.researchgate.net/publication/334573437_Intelligence_Stratum_for_IoT_Architecture_Requirements_and_Functions
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Life cycle management of Intelligence Services
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Requirements and dependencies
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Services Input/output description structure
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Pipelining and service composition

Single model service
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service

Custom pipelined
service




Data preparation -
Preprocessing/postprocessing

Input Output

(Fool)
F(x) library




Semantic descriptors taxonomy
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MobileNet
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MobileNet V2 Model
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Tensor:
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Batch size (1) x RGB channel (3) x Img. Matrix
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output
tensor

1000 (ImageNet classes) x Score
(probability of match)
The images have to be normalized using mean =[0.485, 0.456, 0.406] and std = [0.229, 0.224, 0.225].



MobileNet Service (UML representation

«data_label» «data_object» «execution-enviroment» «provider»
Image_Data_label Image_matrix_batchsize OnnxruntimeDepencency GitHub_Sandler
O label "Still_Image"~~xsd:string © objectld "Batch_size" ~“xsd:string © name "Onnxruntime"~ ~xsd: string © name "GitHub: Sandler et al."~ ~xsd:string
O owl:sameAs dbo:Stilllmage O batchsize "1"~ ~xsd:integer © version "5.3.2" A xsd:string o identifier "00001"~ ~xsd:string
developedBy
«intelligence-service»
) MobileNet_Service
hosted_in
annotateb’ asObject © id: {"0001"}~~xsd:string
«implementation» © name {"MobileNet"}~~xsd:string
«data_tensor» «stream» MobileNetImplementation 0O description {"MobileNet models perform image classification
Normalized_Image_tensor asTensol MobileNet_input_stream - - implem) they take images as input and classify the major object in
© input :$in_stream1 #input data the image into a set of pre-defined classes.
o tensorld "Normalized_Image_matrix" ~~xsd:string © id "MobileNet-input” © output :$out_stream1 #output data They are trained on ImageNet dataset which contains images from
o pipeline :this# only this implementation 1000 classes. MobileNet models are also very efficient in terms
o of speed and size and hence are ideal for embedded and mobile
hasObject applications.}"~~xsd:string
usgDataset seMethod O version {"2.0"}~~xsd:string
O created {"2019-07-14"}~~xsd :date

solves
p ™ «domain_descriptors «problem»
«data_object» «stream» neural_network_method_label
Image_batch_matrix_rgb_channel MobileNet_output_stream Imagenet_object_recognition

O owl:sameAs
© id "Image_batch_matrix_rgb_channel" © streamlId "MobileNet_output” ~~xsd:string mexalgo:MultilayerPerceptron,
mexalgo:ArtificialNeuralNetwork

© goal mexcore:ObjectRecognition
© id "Object-recognition” ~“xsd:string

composed_by hasTensor
hasContext hasContext
i «context_domain»
«dataset» mex_machine_learning_context
«data_object» «data_tensor» Imagenet_dataset — - — -
Image_HeightWidth_rgb_channel Confusion_matrix_tensor - © domain "MEX_Machine_Learning xsd:string
o datasetid "ImageNet" © domainURI
© objectld "RGB_image_channel_perPixel" ~~xsd:string o tensorld :"Confusion_matrix_tensor"~ ~xsd:string O type "OUTPUT_MAPPING" <http://mex.aksw.org/mex_core#>,
"TRAINING" <http://mex.aksw.org/mex_algo# >,
: <http://mex.aksw.org/mex_perf# >
hasDatalabel hasObject p:// rg/mex_p
annotated_by
«domain_descriptor»
«data_label» @ «data_object» «data_label» MobileNet_MatrixIndex_Annotation
ml_input_image_rgb_channel ImageNet_confusion_matri@Nnotated_by. MobileNet_ImageNet_Classification anndtated_by, -
> © annotations
o id "Image_RGB_channels" ~~xsd:string o objectld ImageNet_confusion_matrix ~~xsd:string © id MobileNet_ImageNet_Classification™~xsd:string <https://s3.amazonaws.com/onnx_model_zoo/synset.txt>,
:probability
annotated_by hasObject’ hasObject
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ml_input_image_rgb_channel_descriptor @ probability
© annotations osialol o CEEIEL ClSIED Ima«::';iegﬁfgr?aa%zwa'n dfs:label " tage"
dbo:rgbCoordinateRed Category_index_object Category_probability_object geNet_ X | H Epro'z:nt..@dp:rce" ge'@en,
dbo:rgbCoordinateGreen N i ) © domain "ImageNet"~ ~xsd:string " tage" 5 |
dbo-rgbCoordinateBlue © objectld Category_index_object ~“~xsd:string o objectld Category_probability_cbject ~ ~xsd:string © domainURI <http://www.image_net.org/explore> 5 rg\?sr:clzge?‘igneed%:iss:
exif:imageWidth O owl:sameAs dbo:percentage

exif:imageLength




MobileNet (Intelligence-Service

«execution-enviroment» «provider»
OnnxruntimeDepencency GitHub_Sandler
© name "Onnxruntime"~ ~xsd:string © name "GitHub: Sandler et al."”~~xsd:string
o version "5.3.2"~"xsd:string o identifier "00001"~~xsd:string

developedBy

«intelligence-service»
MobileNet_Service

hosted_in

o id: {"0001"}~~xsd:string
«implementation» o name {"MobileNet"}~~xsd:string
MobileNetImplementation O description {"MobileNet models perform image classification
implem they take images as input and classify the major object in
the image into a set of pre-defined classes.

— © input :$in_stream1 #input data

O output :$out_stream1 #output data They are trained on ImageNet dataset which contains images from
O pipeline :this# only this implementation 1000 classes. MobileNet models are also very efficient in terms
of speed and size and hence are ideal for embedded and mobile
applications. }"~~xsd:string
lyﬁataset seMethod 0 version {"2.0"}~“~xsd:string
O created {"2019-07-14"}~~xsd:date
solves
@ ..
e Imagenet_object_recognition
O owl:sameAs X -

. 0 goal mexcore:ObjectRecognition
mexalgo:MultilayerPerceptron, R T A Aged s et
mexalgo:ArtificialNeuralNetwork O id "Object-recognition xsd:string

hasContext

hasContext

«context_domain»
«dataset» mex_machine_learning_context
Imagenet_dataset

© domain "MEX_Machine_Learning"~ ~xsd:string

O datasetid "ImageNet" © domainURI
O type "OUTPUT_MAPPING" <http://mex.aksw.org/mex_core#>,
"TRAINING" <http://mex.aksw.org/mex_algo# >,

<http://mex.aksw.org/mex_perf# >

annotated_by



MobileNet (inputs

«data_label»

Image_Data_label

«data_object»

Image_matrix_batchsize

O label "Still_Image"~"~xsd:string
O owl:sameAs dbo:Stilllmage

© objectld "Batch_size" ~~xsd:string
O batchsize "1"~“xsd:integer

a& asObject

«data_tensor»
Normalized_Image_tensor

asTenso

O tensorld "Normalized_Image_matrix" ~"xsd:string

«stream»
MobileNet_input_stream

O id "MabileNet-input”

hasObject

«data_object»

Image_batch_matrix_rgb_channel

0 id "Image_batch_matrix_rgb_channel"

composed_by

«data_object»
Image_HeightWidth_rgb_channel

© objectld "RGB_image_channel_perPixel" ~~xsd:string

hasDatalLabel

«data_label»
ml_input_image_rgb_channel

o id "Image_RGB_channels" ~~xsd:string

annotated_by

«domain_descriptor»
ml_input_image_rgb_channel_descriptor:

© annotations
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MobileNet (Outputs

© «stream»
MobileNet_output_stream
© streamld "MobileNet_output" ~~xsd:string

hasTensor
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«data_tensor» Imagenet_dataset
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© tensorld :"Confusion_matrix_tensor"~ ~xsd:string O type "OUTPUT_MAPPING"
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annotated_by
«domain_descriptor»
© «data_object» . «data_label» MobileNet_MatrixIndex_Annotation
ImageNet_confusion_matrigNnota by MobileNet_ImageNet_Classification annotated_by. =
© objectld ImageNet_confusion_matrix ~~xsd:string © id MobileNet_ImageNet_Classification” ~xsd:string <https://s3.amazonaws.com/onnx_model_zoo/synset.txt>,
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Android MobileNet Service

Input :
Image File

ImageNet preprocessing

. function for MobileNet
Python Script

import mxne

from mxnet.gluon.data.vision import transforms

# Pre-processing function for ImageNet models

def preprocess(img):

Preprocessing required on the images for inference with mxnet gluon

The function takes path to an image and returns processed tensor

transform_fn = transforms.Compose([

transforms.Resize(224),

transforms.CenterCrop(224),

transforms.ToTensor (),

transforms.Normalize([©.485, ©.456, ©.406], [©.229, ©.224, 0.225])
D

img = transform_fn(img)

img = img.expand_dims(axis=@) # batchify

return img

Normalized image in a

matrix structure

input Expansion
tensor | ayer

Tensor:
Matrix

uncompress
the data

Batch size (1) x RGB channel
(3) x Img. High(<224) x Img.

Width (>224)

The images have to be normalized using mean = [0.485, 0.456,
0.406] and std = [0.229, 0.224, 0.225].

MobileNet V2 Model

Depthwise
layer

filter the data

Projection
layer

compress output
the data tensor

Tensor:

Matrix
1000 (ImageNet
classes) x Score
(probability of
match)




Android MobileNet Service (Abstract

«data_label»
Image_Data_Label

O label "Still_Image"~~xsd:string
O owl:sameAs dbo:Stillimage

annotateby

@ «data_tensor»
Still_Image_File_Tensor

hasTensor

«execution-enviroment»
OnnxruntimeDepencency

«dependency»
MxnetPythonDependency

«dependency»
PythonDependency

«execution-enviroment»
PythonRuntimeDependency

© name "Onnxruntime"~ ~xsd:string
O version "5.3.2"~"xsd:string

© name "mxnet"~"xsd:string
©O version "1.5.1"~"xsd:string

O name "Python"~"xsd:string
o version "3.7.1"~"xsd:string

O name "Python"~"xsd:string
O version "3.7.1"~xsd:string

hosted™ rmx reqwresé in

«intelligence-service»
Android_MobileNet_Service

«Stream»

O tensorld "Still-Image-File-Tensor" ~“xsd:string

hasObject

«data_object»
Image_jpg_file

Image_File_input_stream

«rmplementatjon»
undefined

© id "MobileNet-input"

o input Image_File_input_stream #input data
O output MobileNet_output_stream #output data

o pipeline ImageNet_preprocesing_s
MobileNet_Service,
this#

ooo

implemented

ervice,

seDataset

o id "Image_jpg_file"
annotations "type=image/jpeg exts=htm,html|"~~xsd:string ;

«atomic_service»
MobileNet_Service

«stream»

MobileNet_output_:

seMethod

oo

id: {"AndroMEDA MobileNet"}~ ~xsd:string

name {"MobileNet_Object_Detection"}"xsd:string
description {"Image recognition from pictures jpg files usig
MobileNet models perform image classification - they takelewelepg
as input and classify the major object in the image into a set

of pre-defined classes. They are trained on ImageNet dataset
which contains images from 1000 classes. MobileNet models are
also very efficient in terms of speed and size and hence are
ideal for embedded and mobile applications."}~~xsd:string
version {"1.0"}~~xsd:string

created {"2020-04-30"}~“xsd:date

solves

stream

«atomic_service»
ImageNet_preprocesing_service

«domain_descriptor»

neural_network_method_label P

Imagenet_object_reco

o streamld

"MobileNet_output" ~~xsd:string

annnkatad khar l

hasTensor/

O owl:sameAs
mexalgo:MultilayerPerceptron,
mexalgo:ArtificialNeuralNetwork

o goal mexcore:ObjectRecogl
O id "Object-recognition" ~~x

I

merambawt \



Android MobileNet Service (complete UML

«data_label»
Image_Data_Label

O label "Still_Image"~ ~xsd:string
0 owl:sameAs dbo:Stillimage

annotateby

«execution-enviroment»
OnnxruntimeDepencency

«dependency»

«dependency»
PythonDependency

MxnetPythonDependency

«execution-enviroment»
PythonRuntimeDependency

© name "Onnxruntime"~~xsd:string
© version "5.3.2"~~xsd:string

© name "mxnet"~ ~xsd:string

o version "1.5.1"~#xsd:string © version "3.7.1"~~xsd:string

© name "Python"~~xsd:string

© name "Python"~xsd:string
© version "3.7.1"~~xsd:string

«data_tensor»
Still_Image_File_Tensor

«stream»

hasTensor Image_File_input_stream

hosted™i 15\ requresA_n

ire
@ «implementation»

undefined
© input Image_File_input_stream #input data

implemented

«intelligence-service»
Android_MobileNet_Service

o id: {"AndroMEDA MobileNet"}~~xsd:string
© name {"MobileNet_Object_Detection"}“ ~xsd:string
O description {"Image recognition from pictures jpg files usil

o tensorld "Still-Image-File-Tensor" ~~xsd:string

© id "MobileNet-input"

hasObject

«data_object»
Image_jpg_file

© output MobileNet_output_stream #output data
© pipeline ImageNet_preprocesing_service,
MobileNet_Service,
this#

SeDataset seMethod

«atomic_service»
MobileNet_Service

© id "Image_jpg_file"
annotations "type=image/jpeg exts=htm, htm|"~~xsd:string ;

MaobileNet_output_stream

as input and classify the major object in the image into a set
of pre-defined classes. They are trained on ImageNet dataset
which contains images from 1000 classes. MobileNet models are
also very efficient in terms of speed and size and hence are
ideal for embedded and mobile applications."}~ ~xsd:string

0O version {"1.0"}~~xsd:string

O created {"2020-04-30"}~~xsd:date

n
MobileNet models perform image classification - they takdgeﬁs#lpi)dBy

«provider»
Ericsson_Research

© name "Ericsson Research"~~xsd:string
© identifier "ER-01""~xsd:string

solves

«stream»

© streamld "MobileNet_output" ~~xsd:string

«atomic_service»
ImageNet_preprocesing_service

@ «domain_descriptor»
neural_network_method_label

annotated_by

«data_label»
Image_jpg_file_label

o label "image/jpeg"

«domain_descriptor»
MediaType_jpg_descriptor

hasTensor,

«dataset»

«data_tensor»
Confusion_matrix_tensor

Imagenet_dataset

© datasetid "ImageNet"

© tensorld :"Confusion_matrix_tensor"~~xsd:string

O type "OUTPUT_MAPPING"

"TRAINING"

hasObjec

«data_object»

© annotations
https://www.w3.org/Graphics/JPEG,

«data_label»

http://metadataregistry.org/uri/let-mime-types/jpg (RDF)

«data_object»
Category_probability_object

Category_index_object

© objectld Category_probability_object ~~xsd:string

© objectld Category_index_object ~~xsd:string

annotated_by

«problem»
Imagenet_object_recognition

O owl:sameAs
mexalgo:MultilayerPerceptron,
mexalgo:ArtificialNeuralNetwork

© goal mexcore:ObjectRecognition
o id "Object-recognition" ~~xsd:string

hasContéxt hasContext

hasContext

© mex_machine_learning_context

«context_domain»

© domain "MEX_Machine_Learning"~~xsd:string
© domainURI
<http://mex.aksw.org/mex_core#>,
<http://mex.aksw.org/mex_algo#>,
<http://mex.aksw.org/mex_perf#>

©

«context_domain»
image_processing_context

© domain "ModSci, Modern Science Ontology”
© domainURI <https://w3id.org/skgo/modsci#ImageProcessing>

«domain_descriptor»
MobileNet_MatrixIndex_Annotation

«context_domain»
ImageNet_context_domain

"Prozent"@de ,
"percentage"@nl
O rdfs:isDefinedBy iss:
O owl:sameAs

ImageNet_confusion_matrignnotated_by MobileNet_ImageNet_Classificaitiptated_by 5 e has_
> —>1 0 annotations o n s
© objectld ImageNet_confusion_matrix ~“xsd:string © id MobileNet_ImageNet_Classification” ~xsd:string <https://s3.amazonaws.com/onnx_model_zoo/synset.txt>, g Sgﬁ:;:Ué&ni?:tg?}j;;\wxvsidrﬁs:;;gnet org/explore>
:probability : . _net.
hasObje hasObject
(C) probability
bl EliEED O rdfs:label "percentage"@en ,

dbo:percentage




Conclusion

* Intelligence Services require context and domain specific semantic
definitions to be efficiently enabled

* Data sets, execution environment and model requirements needs to be
considered, along with policies (in further work) to adequately describe
the tasks at hand

* Consequently a taxonomy of semantic descriptors provides a path towards
the automation of intelligence services and their orchestration across a
variety of applications especially in the innovative loT space




