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Document Summary
THIS CR IS USES TS.53 v0.5 AS THE BASELINE AND THIS BASELINE VERSION IS HERE.
This CR proposes following changes:
1. Clarified for each test case whether network connection is required or not.
2. Add steps to review source code.
3. Complete steps to verify application API for CV, ASR and NLU.
4. Complete test procedure to verify DNN model conversion SDK.
5. Complete custom operator test procedure.
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========= Start of change =======
Software Functions
[bookmark: _Toc85612526][bookmark: _Toc99610562]Deep learning model update
[bookmark: _Toc85612527][bookmark: _Toc99610563]Test purpose
To verify that the DUT can support deep learning model update.
[bookmark: _Toc85612528][bookmark: _Toc99610564]Referenced Requirements
	TS47_3.2_REQ_001
	An AI Mobile Device SHALL support on-device model updates of an existing deep learning network.


[bookmark: _Toc85612529][bookmark: _Toc99610565]Preconditions
Updated Model preparation
Check the AI models that the DUT already supports (Self-declaration FORM)
Pick one of the models and modified its weights to create the Updated Model.Select an AI Application (e.g., photo classification application, text to speech application, etc) for the DUT that has the Source Code available for review.
Select a specific Neural Network Model supported by the application.
Select a baseline NN Model and an Updated NN Model.

OEM provides two models for the same application such that the output of first model is different from output of second model with the same input for both models. For example, baseline NN model can classify images into N classes, the updated NN model can classify images into M classes.
Dataset preparation
Prepare input and corresponding outputa dataset that matches the selected model for inferencing usage.
[bookmark: _Toc85612530][bookmark: _Toc99610566]Initial configuration 
DUT’s network connection(e.g., WiFi, cellular) Switched OFF.	Comment by QC: TSGAI#28: This needs to be confirmed.	Comment by QC: See DP#28_004.
DUT is Switched OFF.
[bookmark: _Toc85612531][bookmark: _Toc99610567]Test procedure 
	Step
	Test procedure
	Expected result

	1
	Review source code of the AI Application to ensure NN model update is supported.
	Source code review confirms proper support for AI NN model updates.

	21
	Switch DUT ONon.
	DUT is in idle modeON.

	3
	Load AI application onto the DUT.
	DUT loads AI Application.

	4
	Use AI application to load baseline Neural Network Model into AI Application.
	AI Application loads baseline NN Model.

	5
	Process dataset with the baseline NN Model and record the result.
	DUT generates expected results with baseline NN Model.

	62
	Load the updated Neural Network Mmodel into AI Applicationon DUT.
	The updated NN mModel is successfully loaded with no exception.

	73
	Process the dataset withusing the updated NN mModel.
	DUT generated output with updated NN Model matches the reference output dataset for the updated NN ModelThe updated model can be run on the device successfully and can be used for inferencing.


[bookmark: _Toc85612532][bookmark: _Toc99610568]Native API requirements
[bookmark: _Toc85612533][bookmark: _Toc99610569]Test purpose
To verify that the DUT has native APIs to expose AI hardware functions.
[bookmark: _Toc85612534][bookmark: _Toc99610570]Referenced Requirements
	[bookmark: OLE_LINK3][bookmark: OLE_LINK4]TS47_3.2_REQ_002
	An AI Mobile Device SHALL support native APIs to expose the AI hardware functions.


[bookmark: _Toc85612535][bookmark: _Toc99610571]Preconditions
1. Check what native APIs are supported 
Select an AI Application for the DUT that has the following characteristics:
· Source Code available for review.
· Supports native APIs.
Supports internal test report generation to show exercised native APIs.
· 
Reference input data and output data available.
List of native APIs expected to be used available. 
Look into the Self declare Form to see what native APIs are supported in the DUT and what AI hardware functions are exposed. (Self-declaration FORM)
2. Native APIs Test Scripts preparation
According to the APIs supported, prepare the corresponding scripts to test whether the native APIs can be called successfully and function normally.
[bookmark: _Toc81490439][bookmark: _Toc85612536][bookmark: _Toc99610572]Initial configuration 
DUT’s network connection (e.g., WiFi, cellular) Switched OFF.	Comment by QC: TSGAI#28: This needs to be confirmed.	Comment by QC: See DP#28_004.
DUT is Switched OFF.

DUT is loaded with native API test scripts.
[bookmark: _Toc85612537][bookmark: _Toc99610573]Test procedure
	Step
	Test procedure
	Expected result

	1
	Review AI Application source code to ensure proper support for Native APIs that expose AI hardware functions.
	Software source code audit report for Native API support.

	21
	Switch DUT ONon.
	DUT is ON without network connectionin idle mode.

	3
	Load AI Application with native API support.
	AI Application is loaded.

	42
	Run the AI Application with native API test scripts on DUT to generate API test report.
	The Native APIs are called successfully and function normallyAI Application generates API report.

	5
	Review API report and compare to source code audit expectations.
	Report shows native API called.

	6
	Compare reference output data with actual output data.
	Reference out data matches actual output data.


[bookmark: _Toc85612538][bookmark: _Toc99610574]
Application APIs requirements 
[bookmark: _Toc85612539][bookmark: _Toc99610575]Test purpose
To verify that DUT provides application APIs for the following commonly used AI modelsapplication categories:
·  Computer Vision (CV),
·  Automatic Speech Recognition (ASR),
·  Natural Language Understanding (NLU) models.
[bookmark: _Toc85612540][bookmark: _Toc99610576]Referenced Requirements
	TS47_3.2_REQ_003
	An AI Mobile Device SHALL support application APIs (See Appendix A) for native and third-party applications to access Computer Vision (CV), Automatic Speech Recognition (ASR), Natural Language Understanding (NLU) models.


[bookmark: _Toc85612541][bookmark: _Toc99610577]Preconditions
[bookmark: _Hlk81379836]Check whether the required application APIs are supported 
Look into the Self declare Form to see whether the required application APIs are supported in the DUT. (Self-declaration FORM)
Application APIs Test Script preparation
Prepare the corresponding scripts to test whether the required application APIs can be called successfully and function normally.Select AI Device Applications for the DUT that has the following characteristics:
· Source Code available for review 
· Support for APIs that supports
i. Computer Vision (CV)
ii. Automatic Speech Recognition (ASR)
iii. Natural Language Understanding (NLU) models.
·  Supports internal test report generation to exercise application APIs described above
Prepare the reference input data set and the reference output result for each of the application APIs.
[bookmark: _Toc85612542][bookmark: _Toc99610578]Initial configuration 
DUT’s network connection (e.g., WiFi, cellular) Switched OFF.	Comment by QC: TSGAI#28: This needs to be confirmed.	Comment by QC: See DP#28_004.
DUT is Switched OFF.
DUT is loaded with application API test script.
[bookmark: _Toc85612543][bookmark: _Toc99610579]Test procedure
	Step
	Test procedure
	Expected result

	1
	Review each Application API source code to ensure support for:
1. Computer Vision (CV)
2. Automatic Speech Recognition ASR)
3. Natural Language Understanding (NLU) models.
	Source code audit report with API support results.

	21
	Switch DUT ONon.
	DUT is in ON without network connectionidle mode.

	3
	Load Computer Vision Application.
	Computer Vision application is loaded successfully.

	42
	Run Computer Vision application API test script for the validation thaton the DUT  with the reference input datahas the API to access CV model.
	The related API(s) areis invoked successfully and the expected output matches the reference output foris obtained from the CV applicationmodel.
Note: After the model is determined, expected output should be specified.

	5
	Load Automatic Speech Recognition application.
	Automatic Speech Recognition application loaded successfully.

	63
	Run Automatic Speech Recognition application on the API test script for the validation that DUT with the reference input data has the API to access ASR model.
	The related API(s) areis invoked successfully and the expected output matches the reference outputis obtained forfrom the ASR applicationmodel.
Note: After the model is determined, expected output should be specified.

	7
	Load Natural Language Understanding application.
	Natural Language Understanding application loaded successfully.

	84
	Run Natural Language Understanding application on the DUT with the reference input dataAPI test script for the validation that DUT has the API to access NLU model.
	The related API(s) areis invoked successfully and the output matches the reference expected output foris obtained from the NLU applicationmodel.
Note: After the model is determined, expected output should be specified.


[bookmark: _Toc85612544][bookmark: _Toc99610580]
Model Format conversion
[bookmark: _Toc85612545][bookmark: _Toc99610581]Test purpose
To verify that DUT has the SDK to convert model format to its native format so that the model can be run successfully on the DUT.
[bookmark: _Toc85612546][bookmark: _Toc99610582]Referenced Requirements
	TS47_3.2_REQ_004
	An AI Mobile Device SHOULD provide an SDK to convert DNN models from an existing format to the native format of the AI mobile device. Non-exhaustive examples of DNN model file format are: *.ckpt or *.pb, *.tflite, *.prototxt, *.pb or *.pth or *.pt, *.json and *.onnx.


[bookmark: _Toc85612547][bookmark: _Toc99610583]Preconditions
3. Check what are the formats that can be converted to native format by the SDK 
Look into the Self declare Form to see what formats can be converted by the SDK to the native one (Self-declaration FORM)
4. Test Models with the supported formats preparation
Use AI Application that runs on DUT with the following characteristics:
· AI application source code shall be available for review
· AI application can generate an accurate report for the models
Prepare NN mModels with the supported formats for testing.
Prepare input test dataset for use in NN model. 
OEM provided SDK to convert the format of the test model to native format shall be available with the following characteristics:
· OEM SDK shall be available in either open source or closed source format
· OEM SDK shall be available to the general public for use and technical evaluation
· OEM SDK shall support conversion of the model format to the Native format of the DUT

[bookmark: _Toc85612548][bookmark: _Toc99610584]Initial configuration 
DUT’s network connection (e.g., WiFi, cellular) Switched OFF.	Comment by QC: TSGAI#28: This needs to be confirmed.	Comment by QC: See DP#28_004.
DUT is Switched OFF.
[bookmark: _Toc85612549][bookmark: _Toc99610585]Test procedure
	Step
	Test procedure
	Expected result

	1
	Run the SDK to convert the format of test model to native formatReview AI Application source code to ensure it supports both original and native NN Model formats.
	Test model is successfully converted into a DUT supported formatSource code audit report showing full support.

	2
	Switch DUT ONon.
	DUT is ON without network connectionin idle mode.

	3
	Load AI Application with baseline NN model formatthe converted model on into DUT.
	Application baseline NN model loadsThe converted model is successfully loaded with no exception.

	4
	Run baseline NN model with test dataset and record output.
	Output report with test data set.

	5
	Use OEM SDK to convert model format to Native Format.
	Output report from SDK indicating successful model conversion.

	6
	Run native NN model with test dataset and record output.
	Output report with test data set.

	7
	Compare original and native NN model outputs.	Comment by QC: TSGAI29: Discuss whether the performance of the converted model should match the existing model.
	Report comparing baseline and native accuracies. Accuracy results should be [TBD %] compared to baseline.


[bookmark: _Toc85612550][bookmark: _Toc99610586]
Customized Operator
[bookmark: _Toc85612551][bookmark: _Toc99610587]Test purpose
To verify that DUT support new operator customization.
[bookmark: _Toc85612552][bookmark: _Toc99610588]Referenced Requirements
	TS47_3.2_REQ_005
	An AI Mobile Device SHOULD provide an SDK to support definition of new customized Deep Learning operators.


[bookmark: _Toc85612553][bookmark: _Toc99610589]Preconditions
Use AI Application that runs on DUT with the following characteristics:
· Source code shall be available for review
· Supports the definition of new customized Deep Learning operators to implement new functionality
· Supports baseline NN model
· Supports modified NN model using new Deep Learning operator(s)
· Generates a report for the baseline and custom NN models
OEM supplied SDK for defining custom operator(s).
Create a NN Model that utilizes the new operator. For easy verification, the output produced with a new operator needs to be different compared to output with old operator.
Prepare input test dataset.
Prepare reference output dataset with baseline NN model.
Prepare reference output dataset with modified NN model using new Deep Learning operator(s).
1. Check what operators are supported by DUT 
Look into the Self declare Form to see what operators are supported and what is not. (Self-declare FORM)
Operator Customization 
Using the supplied SDK, customize a new operator.
2. Create a model as test model with the new defined operator
Create a model that utilizes the new operator.
[bookmark: _Toc85612554][bookmark: _Toc99610590]Initial configuration 
DUT’s network connection (e.g., WiFi, cellular) Switched OFF.	Comment by QC: TSGAI#28: This needs to be confirmed.	Comment by QC: See DP#28_004.
DUT is Switched OFF.
Convert the test model to native format of DUT if necessary.
[bookmark: _Toc85612555][bookmark: _Toc99610591]Test procedure
	Step
	Test procedure
	Expected result

	1
	Review AI Application source code to ensure it supports both original and customized operator NN Model formats.
	Software source code audit report showing full support.

	21
	Switch DUT ONon.
	DUT is in ON without network connection idle mode.

	2
	Load the test model on DUT.
	The test model is successfully loaded with no exception, and the expected output is obtained.
Note: After the model is determined, expected output should be specified.

	3
	Load AI Application with baseline NN model format.
	Application NN model successfully loaded.

	4
	Run baseline NN model with test dataset and record output.
	Output report with test data set for baseline model.

	5
	Use OEM SDK to convert model format to custom operator Format.
	Output report from SDK indicating successful model conversion. Report should indicate what parameters have changed.

	6
	Load AI Application with NN model that uses modified operator.
	Application NN model successfully loaded.

	7
	Run modified NN model with test dataset and record output.
	Output report with test dataset with modified NN model.

	8
	Compare original and custom operator NN model results.
	Output with new operator is different from output with old operator.



========= End of changes =======
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