Supplementary Software for using Copilot of OCTOPUS

This file provides a detailed and step-by-step protocol to assist potential users in

using Copilot of OCTOPUS without difficulty.

Hyuk Jun Yoo, Kwan-Young Lee”, Donghun Kim” and Sang Soo Han"
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Action

Algorithm
Analysis
AutoModuleGeneration
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Job
JobScriptTemplate
Log

Loss

Resource

Task

USER
UserManager
client.py
copilot.py

master_node.py
README.md

requirements.txt
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1. Overview: directory description of OCTOPUS

Directory name Description
Action Script of ActionTranslator, ActionExecutor
Algorithm Script of customized Al model
Analysis Script of customized analysis function from

raw spectrum data for each task

AutoModuleGeneratior]

Script of GPT, feedback system, rule-based

generation function

D
]

DB Script of MongoDB manager
Job Script of JobScheduler, JobTrigger, Job
JobScriptTemplate JSON file of job script for eaobdule
Log Script of logger and log files
Loss Script of loss function
Resource Script of ResourceManager
Script of TaskGenerator, TaskScheduler, and
Task task template, task Pydantic, device actions [for
each task
User folder included user of job script,
USER generated data with csv format, log, and pr
trained model object file
UserManager Script of UserManager for login process with
Auth0
4] 42
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2. Prerequisite of installation : Auth( setting
2.1 Sign up Auth0

Please sign up in https://auth0.com/.

2.2 Create application in AuthQ page

4 Getting Started . .
L Applications

Setup a mobile, web or loT application to use Auth@ for Authentication. Show more >

& Applications

Applications
APIs
Default A
A PP . Client ID: @0IVqBuckruVWaBgcDSqu16aDo3UNauH O
SSO Integrations Machine to Machine
2 Authentication

Organizations

® User Management
# Branding

v Security

< Actions

1. Monitoring

* Marketplace

® Extensions

£ Settings

Click “Create Application” and generate application

Create application X

Name *
OCTOPUS

You can change the application name later in the application settings.

Choose an application type

e o 3 A

Native Single Page Web Regular Web Machine to
Applications Applications Machine
Mobile, desktop, Applications
CLI and smart A JavaScript front- Traditional web
device apps end app that uses app using CLIs, daemons or
running natively. an API. redirects. services running
on your backend.
e.g.: i0S, Electron, e.g.: Angular, e.g.: Node.js
Apple TV apps React, Vue Express, ASP.NET, e.g.: Shell script
Java, PHP

Cancel Create

Click “Machine to Machine Applications” button, and click “Create” button.
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Authorize Machine to Machine Application X

Machine to Machine Applications require at least one authorized API. Please select an APl you want to

authorize for invocation from your application.

Auth@ Management API

Permissions

Select: All

None Q Filter Permissions

l read:client_grants l I create:client_grants

| delete:client_grants

l update:client_grants I l read:users

|

update:users

| delete:users

[ create:users ] [ read:users_app_metadata ] [ update:users_app_metadata

[

1

2]

Cancel and create a new API first.

Please click and check all items, and click “Authorize” button.

2.3 Set Auth(0 administrator page

Ll

&

Getting Started
Activity
Applications
Applications
APIs

SSO Integrations
Authentication
Organizations
User Management
Branding
Security
Actions
Monitoring
Marketplace
Extensions

Settings

@ Get support

h  Give feedback

<« Back to Applications

A OCTOPUS

Machine to Machine ~ Client ID ¢569SrFb

Quickstart Settings

Credentials APls

1mURPo40w6ZyfDILmGeLuOM6

A This feature is included in your current plan for up to 1,000 tokens per month. Upgrade your subscription or contact enterprise sales
additional monthly quota.

Basic Information

Name *

‘ OCTOPUS

Domain
Client ID

Client Secret

The Client Secret is not base64 encoded.

Description

Please copy the domain, client ID, Client Secret, and save them in another text file. They are different for each
user account.

IERTLIG P
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4 Getting Started

~*  Activity

& Applications
Applications
APIs

SSO Integrations

S

Authentication

Organizations
User Management
4 Branding

v Security

& Actions

1!! Monitoring

+

Marketplace
® Extensions

£ Settings

@ Get support

% Give feedback

4 Getting Started
~* Activity
& Applications
Applications
APIs
SSO Integrations
2 Authentication
#p Organizations
®+ User Management
4 Branding
v Security
& Actions
1. Monitoring
* Marketplace

® Extensions

£ Settings

@ Get support

) Give feedback

QIO S U7

Korea Institute of Science and Technology

Application URIs

Application Login URI

https://myap|

g/login

In some scenarios, Auth®@ will need to redirect to your application’s login pat
This URI needs to point to a route in your application that should redirect tc
tenant’s /authorize endpoint. Learn more (7

Allowed Callback URLs

http://localhost:8000/callback

specify multiple valid URLs by comma-separating them (typically to handle
different environments like QA or testing). Make sure to specify the protocc
( https:// ) otherwise the callback may fail in some cases. With the excep
of custom URI schemes for native clients, all callbacks should use protocol
https:// . You can use Organization URL [ parameters in these URLs.

Allowed Logout URLs

Comma-separated list of allowed logout URLs for redirecting users post-lo¢
You can use wildcards at the subdomain level ( *.google.com ). Query strin
and hash information are not taken into account when validating these URL
Learn more about logout

Allowed Web Origins

Scroll down to "Application URIs" and enter https://localhost:8000/callback in "Allowed Callback URLs."

Advanced Settings

Application Metadata

Grants

When required, authorization request parameters must be wrapped in a signed
JSON Web Token (JWT) for cryptographically confirmed non-repudiation.
Learn more about JWT-Secured Authorizarion Requests (JAR) &7

Device Settings OAuth Grant Types WS-Federation Certificates Endpoints

| Implicit | I Authorization Code

I Refresh Token I

Client Credentials l l Password

O Mra

Danger Zone

Delete this application

All your apps using this client will stop working.

Rotate secret

All authorized apps will need to be updated with the new client secret.

Save changes CTRL + Enter

7142

elete

Scroll down to "Advanced Settings," click the "Grant Types" button, and select the items inside the red box.
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2.4 Connect Auth(Q administrator page to OCTOPUS

EXPLORER

v OPEN EDITORS
X @ auth0_config.py...
v OCTOPUS_MOD [SSH: MAI...
Action
Algorithm
Analysis
AutoModuleGeneration
DB
Job
JobScriptTemplate
Log
Loss
Resource
Task
USER
] UserManager
__pycache__
® auth0_config.py
@ UserManager_Class.py
@
@
@
0
=

client.py
copilot.py
master_node.py
README.md

requirements.txt

@ auth0_config.py X

UserManager > @ auth0_config.py > ...

AUTH@_DOMAIN = '{ Domain }'
AUTHO_CLIENT ID = '{ Client ID }'

AUTHO CLIENT SECRET = '{ Client Secret }'
AUTHO_CALLBACK_URL '{ callback url }'
AUTHO AUDIENCE 2 AUTHO DOMAIN

AUTHO_CONNECTION

Enter the OCTOPUS folder and open the “UserManager/authO_config.py” file. In this file, enter the previously
saved domain, client ID, client secret, and callback URL in order. In “UserManager/authQ_config.py” file, for
"AUTHO_SCOPE," enter the AuthO account ID in email format.

2.5 Register user in Auth(Q page

4y Getting Started

Users

~*  Activity
<~ Applications
Show more >

2 Authentication

iig Organizations

An easy to use Ul to help administrators manage user i

+ Create User

dentities including password resets, creating and provisioning, blocking and deleting users.

Q Search by: User v X Reset

®: User Management

Users Name Connection Logins Latest Login v

Roles
4 b U P d-Authenti. 53 6d

i sername-Password-Authenti... ays ago

Branding yoohj9475@kist.re.kr 2 ad

v Security
. kny@kist.re.kr

< Actions Ve Username-Password-Authenti... 4 6 days ago

§. Monitoring
Marketplace
® Extensions

Settings

Click on "Users" under "User Management" in the left toolbar, then click the "Create User" button.

oraapob| St
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Create user

ample.com

“email" must be a valid email

Password *

Repeat Password *

Connection *

Username-Password-Authentication

- ‘

Cancel

Enter the email and password to be registered, then click the "Create" button to register the user.

IERTLIG P
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3. Installation & environment setting

3.1 Installation

Copy and paste the following git clone command into the terminal window to download the OCTOPUS directory.

git clone https://github.com/KIST-CSRC/Octopus.git

3.2 Environment setting

Using pip (recommended)

pip install requirements.txt

Using conda

conda env create requirements.txt
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4. Copilot of OCTOPUS for module generation and registration

4.1 Set module information in “copilot.py’

@ copilotpy X

@ copilotpy > ...

api_key = ""

module_node_config={

"gpt_api_key":api_key,
}

device_server_config_list=[

The following illustration shows only the lines that the user needs to fill in within the “copilot.py file”. By entering
just a few pieces of information, the code for the components owned by the master node will be automatically
generated according to the logic explained above.

K_ey of mo_dule Type Description of module infor mation
information
author (=email format). str The author name whoegated the code for the module node
module_name/server_name  str The name of module node or device server
The type of module node (please choose from foligvaptions:
module_type str ["'Synthesis", "Preprocess”, "Evaluation”, "Charazggion"])
The description of module node
module_description str
(More detailed description could improve the accyraf code generation.)
device_type strin list The names of the devices that need to be registdtbdhe module node
task_type strin listf The name of the task that must be included in thduie node
resource dict The resources of the module node
HOST str The IP address of the module node
PORT int The port number of module node
t on boolean Set whether to use the existing GPT answer (=False)
gpL_ or to ask GPT new answer (True)
gpt_api_key str api key of OpenAl
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4.1.1 Example of “SolidStateModule”

@ copilotpy X

in Yoo (yoohj

Modul

154009,

on":True,

4.1.2 Example of “ElectroChemicalRDEModule”

@ copilotpy X

@ copilot.py

api_key = "

Input your GPT api key

module_node_config:

Jun Yoo (yoohj

evalua

"Humidifier", "Pot
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If the configuration for the module node is complete, please execute the following command to run the copilot
of OCTOPUS:

python copilot.py

4.2 Action generation of experimental device in module node and device server

Below is the result of inputting the devices connected to the actual SolidStateModule into GPT to get
recommendations for the actions of each device.

R

SolidStateModule module generation started!

FEEHEE R

R

[GPT (ModuleNode or DeviceServer)]: action generation for devices...
FEEHFEE R S

d

"prompt_tokens": 152,
"completion_tokens": 80,
"total_tokens": 232

}

R
[Feedback system (action generation)]
f e R S S

BREGFF SR
Recommended RobotArmDeviceServer's device action
Y

|} RobotArm |f['Move', 'Rotate', 'Lift', 'Lower', 'Grasp', 'Release', 'Posit , 'Retrieve', 'Place'] ||

|} Pipette |f ['Aspirate', 'Dispense', 'Rinse', 'Mix', 'EjectTip', 'Calibrate', 'Engage', 'Disengage'] ||
o e T T +
Select the device index you want to modify (enter 'done' to finish, 'back' to return): I

However, since the available functions vary by manufacturer, the user needs to add, modify, or delete them in
command line interface. Therefore, you can enter the index of the device to add, modify, or delete its actions.
Once all actions are correctly entered, you can press 'done’ to finish editing the actions.

T
Recommended RobotArmDeviceServer's device action
FHHSE SRR

e ommmmmmm e B e e e +
| idx | RobotArmDeviceServer | action types recommended by GPT |
oo e B e et e e +
| RobotArm Rotate', 'Lift', 'Lower', 'Grasp', 'Release', 'Position', 'Retrieve', 'Place'] |
| Pipette | ['Aspirate', 'Dispense', 'Rinse', 'Mix', 'EjectTip', 'Calibrate', 'Engage', 'Disengage'] |
o R e e e
Select the device index you want to modify (enter 'done' to finish, ‘'back' to return
________________________________________ T
RobotArm --> action recommended by GPT |
________________________________________ +

Rotate

l
l
[
Lower |
Grasp [
Release |
Position |
Retrieve |

l

]
|
I
|
I
]
[

OLCoONOUVTA WNR

=
[
+
[
[
| Lift
l
[
[
[
[
l
+

D +
Do you want to add, modify or delete a action_type? ('a'/'m'/'d' or 'back' to return): I

If you enter index 1 to modify the actions of 'RobotArm’, all the actions of 'RobotArm' will be displayed in a table
format, as shown in the illustration above.
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4.2.1 Add new action

s
Recommended RobotArmDeviceServer's device action
HEHHEHEHEHEH

| RobotArm | ['Move', 'Rotate’, ift', 'Lower', 'Grasp', 'Release', 'Position', 'Retrieve', 'Place'] |

| Pipette | ['Aspirate’, 'Dispense’', 'Rinse’', 'Mix', 'EjectTip', 'Calibrate', 'Engage', 'Disengage'] |
o dmmmm e e T +
Select the device index you want to modify (enter 'done' to finish, 'back' to return): 1

Rotate
LT EE
Lower
Grasp
Release
Position
Retrieve

Enter the new action to add (or 'back®' to return)
Acti ome' added RobotArm.

HEHHHHEHEE
Recommended RobotArmDeviceServer's device action
HHHHHEHEHEH

dx | RobotArmDeviceServer | action types recommended by GPT
oo et e +
| RobotArm | ['Move', 'Rotate', 'Lift', 'Lower', 'Grasp', 'Release', 'Position', 'Retrieve', 'Place', 'Home'] ||
| Pipette | ['Aspirate’, 'Dispense', 'Rinse', 'Mix', 'EjectTip', 'Calibrate', 'Engage', 'Disengage’] |
e et e et et +

Select the device index you want to modify (enter ‘'done' to finish, 'back' to return)

If the client inputs 'a' to add a new action, you need to enter the name of the new action in command line
interface. In the figure above, an action called 'Home,' which moves the robot arm to a predetermined position,
was added. Once this task is completed, you can see that 'Home' in red box has been added to the actions of
'RobotArm'.
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4.2.2 Modify action

HHHHEHHEHEEHE
Recommended RobotArmDeviceServer's device action
B e e

| RobotArm | ['Move', 'Rotate', 'Lift’', 'Lower',| 'Grasp',| 'Release’', 'Position', 'Retrieve', 'Place', 'Home'] |
| Pipette | ['Aspirate', 'Dispense', 'Rinse', 'Mix', 'EjectTip', 'Calibrate’', 'Engage', 'Disengage']

Fo-mm- B e B

Select the device index you want to modify (enter 'done' to finish, ‘'back' to return): 1

|
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
!
&5

RobotArm --> act recommended by GPT |

+
|
Rotate |
Lift |
Lower |
Grasp |
Release |
Position |
Retrieve |
Place |

|

5
|

A
|
|
|
|
|
|
|
|
|
|
S

|
'
'
|
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
1
'
'
'
'
'
]
]
'
'
'
'
|
'
'
'
i

ou want to add, modify or delete a action type?
Enter the action index to modify in RobotArm (or 'back' to return):
Enter the new action_type to replace 'Grasp' (or 'done' to finish, 'back' to return): grab
Action 'Grasp' modified to ‘grab' in RobotArm.

HHHHHEHEHE
Recommended RobotArmDeviceServer's device action
HHHHEHHEHHE

| RobotArm | ['Move', 'Rotate', 'Lift', 'Lower') 'Grab', lease', 'Position', 'Retrieve', 'Place', 'Home'] |

| Pipette | ['Aspirate', 'Dispense', 'Rinse', 'Mix', 'EjectTip', 'Calibrate', 'Engage', 'Disengage’] |
o mmmmmm e e e e e oo +
Select the device index you want to modify (enter 'done' to finish, ‘'back' to return

If the client inputs 'm' to modify an action, you need to enter both the existing action name and the new action
name in command line interface. In the illustration above, the action 'Grasp,’ which is the movement of the robot
arm's gripper to pick up an object, was modified to 'Grab.' Once this task is completed, you can see that 'Grasp'
has been changed to 'Grab' in the actions of 'RobotArm’, via red boxes.
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4.2.3 Delete action

HHHEHEHEHEHEHEH
Recommended RobotArmDeviceServer's device action
HHEHEHEHEHE

Hommm- B R +
| idx | RobotArmDeviceServer | action types recommended by GPT |
- o mmmmm e e e oo +
| RobotArm | ['Move', 'Rotate', 'Lift', 'Lower', 'Grab', 'Release’, 'Position’, |'Retrieve'| 'Place', 'Home'] |
| Pipette | ['Aspirate’, 'Dispense', 'Rinse’', 'Mix', 'EjectTip', 'Calibrate’', "Engage ', Disengage'] |
Hommm- o mm e B e e TP +
Select the device index you want to modify (enter 'done' to finish, 'back' to return): 1

iy
I
'
'
'
1
1
'
I
'
'
'
]
1
'
'
'
'
0
'
I
'
'
1
'
'
'
1
'
'
'
I
'
'
'
'
'
'
'
'
'
1
'
'
!
iy

RobotArm --> action recommended by GPT |

iy
Q
x

S

|
|
|
|
|
|
[
|
|
|

5
|
Rotate |
Lift [
Lower |
Grab |
Release |
Position |
Retrieve |
ET |

|

+

= O oNOUVA WNR
—— —

o
'
'
'
'
'

Do you want to add, modify or delete a action_type? |('a'/'m'/'d' or 'back' to return): d|f
Enter the action index to delete in RobotArm (or 'back' to return): 8

Are you sure you want to delete action ‘Retrieve'? ('y'/'n', 'back' to return): y
Action 'Retrieve' deleted from RobotArm.

AR
Recommended RobotArmDeviceServer's device action
HHHHHEHEREEEHE

Hommme o mmmm e B e e L PR +
| idx | RobotArmDeviceServer | action types recommended by GPT |
4ommm- o mmm e e e ettt et +
| RobotArm | ['Move', 'Rotate', 'Lift', 'Lower', 'Grab', 'Release', 'Position', 'Place’', 'Home'] |
| Pipette | ['Aspirate', 'Dispense', 'Rinse', 'Mix', 'EjectTip', 'Calibrate', 'Engage', 'Disengage'] |
Hommme o mmmm e e +
Select the device index you want to modify (enter 'done' to finish, 'back' to return): I

If the client inputs 'd' to delete an existing action, you need to enter the name of the action to be deleted in the
command line interface. In the illustration above, the action 'Retrieve,’ which involves the robot arm retrieving a
specific object, cannot be performed by the currently registered module node. Therefore, the 'Retrieve’ action
was deleted. Once this task is completed, you can see that 'Retrieve' has been removed from the actions of
'RobotArm.’

SR

SolidStateModule module generation completed!

SR S

e

SolidStateModule module registration started!

B

SERERERT SRS

[SolidStateModule]: get all action type of device from SolidStateModule
B

RobotArm ['Move', 'Rotate', 'Lift', 'Lower', 'Grab', 'Release', 'Position', 'Place', 'Home']
Pipette [*Aspirate’, 'Dispense', 'Rinse', 'Mix"', 'Eject', 'Calibrate']

Pump ['Initialize', 'Flush', 'Inject']

Stirrer [ St Stop ]

PowderDispenser | ['Dispense', 'Stop']

WeighingMachine | ['Weigh', 'Tare', 'Stop']

Heater ['Heat', 'Cool', 'Stop']

If all device actions have been configured, all the actions of the devices will be displayed in a table format, as
shown in the figure above.
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4.2.4 Code automated generation of module node and device server

3 AutoModuleGeneration Directory name Description
D) ElectroChemicalRDEModule ElectroChemicalRDEModule Script for module node (RDE process)
BaseUtils
. Functions for read/write of JSON file and socket
Cell L—BaseUtils o
communication

GasRegulator
Humidifier L—Log Script of logger and log files
IrR - . . -
rrame L—PumpDeviceServer Script of controlling pump as deserver
Log
MillingMachine L—RobotArmDeviceServer Script of controlling robagion as device servef

Pipette Interface for controlling devices by

L—module_node. i ;
- Py communicating with the master node

Potentiostat

PumpDeviceServer
Rde GPT_answer_generation
RdeRotator

Atext file containing GPT-based recommendegd
actions for the devices saved in this directory

: : . A text file containing GPT answers to questions
RobotArmDeviceServer GPT_answer_registration 9 s to que
T related to the master node saved in this directpry
Sonication
® module_node.py SolidStateModule Script for module node (solidestatocess)
SR AnsweEgeneration . . . Script for automated generation of job script
GPT_answer_registration Jobscript_generation.py template in ‘JobScriptTemplate’ directory
SolidStateModule i i i
@ ! iobscriptigenertion py module_generation.py Script of automated generdtiomodule node
® module_generation.py Script of automated generation for registration|in

module_registration.py

master node

® module_registration.py
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4.3 Task generation of module node

SR
[GPT (TaskGenerator, ActionTranslator)]: task generation...
S
{
"prompt_tokens": 188,
"completion_tokens": 388,
"total_tokens": 576

}

SRR
[Feedback system (task generation)]: current task List
I

SolidStateModule_LoadPowder
SolidStateModule_AddPowder
SolidStateModule MixPowders
SolidStateModule PressPowder
SolidStateModule_Calcine
SolidStateModule Sinter
SolidStateModule_Cool
SolidStateModule_Grind

SolidStateModule_MeasureMass
SolidStateModule_CharacterizeTest
SolidStateModule DensityTest
SolidStateModule PorosityTest

|

|

|

|

|

|

|

|

| SolidStateModule Pelletize
|

|

|

|

| SolidStateModule PhaseAnalysisTest
+

Do you want to add, modify or delete this task? ('a‘'/'m'/'d"') (or 'done' to finish): I

After configuring the device actions, GPT will recommend tasks to perform the module, highlighted in the orange
box in the illustration above. Among the tasks recommended by GPT, the researcher can add, modify, or delete
task names through the feedback system.
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4.3.1 Add new task

SR
[Feedback system (task generation)]: current task List
HHHHH R R

SolidStateModule_LoadPowder
SolidStateModule_ AddPowder
SolidStateModule_MixPowders
SolidStateModule_PressPowder
SolidStateModule_Calcine
SolidStateModule_Sinter
SolidStateModule_Cool
SolidStateModule_Grind
SolidStateModule_Pelletize
SolidStateModule_MeasureMass
SolidStateModule_CharacterizeTest
SolidStateModule DensityTest
SolidStateModule PorosityTest
SolidStateModule PhaseAnalysisTest |
- -- -+
Do you want to add, modify or delete this task? ('a'/'m'/'d') (or 'done' to finish): a
Enter the new task name ('back' to return): AddSolution

HHHHH R
[Feedback system (task generation)]: current task List
HHHHH R

SolidStateModule LoadPowder [
SolidStateModule AddPowder |
SolidStateModule MixPowders [
SolidStateModule PressPowder |
SolidStateModule_Calcine [
SolidStateModule Sinter |
SolidStateModule_Cool [
SolidStateModule Grind [
SolidStateModule Pelletize |
SolidStateModule MeasureMass [
SolidStateModule_CharacterizeTest |
SolidStateModule DensityTest |
SolidStateModule PorosityTest |
SolidStateModule PhaseAnalysisTest |
SolidStateModule_Addsolution |

-

Do you want to add, modify or delete this task? ('a'/'m'/'d') (or 'done' to finish): I

If the client inputs 'a' to add a new task in command line interface, you need to enter the name of the new task
in yellow box. In the figure above, a task called 'AddSolution," which involves adding a solution, was registered.
When entering the task name, the module name should be omitted, and only the task name should be inputted.
Once this process is completed, you will see 'SolidStateModule_AddSolution' added to the list of tasks in red
box.
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4.3.2 Modify task

SHEERR T
[Feedback system (task generation)]: current task List
B e e e PR
____________________________________ +
current task name |
____________________________________ +
SolidStateModule_LoadPowder |
SolidStateModule_AddPowder |
SolidStateModule MixPowders |
SolidStateModule PressPowder |
SolidStateModule_Calcine
SolidStateModule Sinter |
SolidStateModule Cool
SolidStateModule_Grind |
SolidStateModule_Pelletize |
SolidStateModule_MeasureMass
SolidStateModule_CharacterizeTest |
SolidStateModule DensityTest |
SolidStateModule PorosityTest |
SolidStateModule_PhaseAnalysisTest |
SolidStateModule Addsolution |
____________________________________ +
Do you want to add, modify or delete this task? ('a'/'m'/'d') (or 'done' to finish): m
Enter the only task index to modify/delete (or 'done' to finish, ‘'back' to return): 4
Enter the new task name ('back' to return): press

S
[Feedback system (task generation)]: current task List
SRR

SolidStateModule_LoadPowder
SolidStateModule AddPowder
SolidStateModule MixPowders
SolidStateModule_Press
SolidStateModule_Calcine
SolidStateModule_Sinter
SolidStateModule_Cool
SolidStateModule_Grind
SolidStateModule Pelletize

SolidStateModule_CharacterizeTest
SolidStateModule DensityTest
SolidStateModule_PorosityTest
SolidStateModule_PhaseAnalysisTest

I
|
|
I
I
I
I
I
SolidStateModule_MeasureMass
I
I
I
I
SolidStateModule Addsolution

+

Do you want to add, modify or delete this task? ('a'/'m'/'d') (or ‘'done' to finish): I

If the client inputs 'm' to modify an existing task in command line interface, you need to enter both the task index
and the new task name in yellow box. In the figure above, the task 'PressPowder,” which involves molding
powder, was modified to 'Press.' Once this task is completed, you will see that 'SolidStateModule_PressPowder’
has been changed to 'SolidStateModule_Press' in red boxes.
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4.3.3 Delete task

S
[Feedback system (task generation)]: current task List
b R

+
I
|
|
|
|

____________________________________ n
SolidStateModule_LoadPowder |
SolidStateModule AddPowder |
SolidStateModule_MixPowders |
SolidStateModule Press
SolidStateModule Calcine |
SolidStateModule_Sinter |
SolidStateModule_Cool
SolidStateModule Grind |
SolidStateModule_Pelletize |
SolidStateModule MeasureMass |

SolidStateModule CharacterizeTest

SolidStateModule DensityTest |

SolidStateModule PorosityTest |

SolidStateModule_PhaseAnalysisTest |

SolidStateModule_Addsolution |

OLCoOoONOUVIEA WNER

Do you want to add, modify or delete this task? ('a'/'m'/'d') (or 'done' to finish): d
Enter the only task index to modify/delete (or ‘'done' to finish, ‘'back' to return): 11

S

[Feedback system (task generation)]: current task List

HHHHE R

4 e +

| idx | current task name

+----- B +
| SolidStateModule_LoadPowder
| SolidStateModule_AddPowder
| SolidStateModule MixPowders
| SolidStateModule Press
| SolidStateModule Calcine
| SolidStateModule Sinter
| SolidStateModule_Cool
I
I
I
I
I
I
I
-

LVLCoOoNOUVTE WNBRE

SolidStateModule_Pelletize

SolidStateModule_MeasureMass

SolidStateModule DensityTest

SolidStateModule_PorosityTest

SolidStateModule_PhaseAnalysisTest

SolidStateModule_Addsolution

____________________________________ o

Do you want to add, modify or delete this task? ('a'/'m'/'d') (or 'done' to finish): d

I
I
I
I
I
I
I
SolidStateModule_Grind |
I
I
I
I
I
I

I
I
I
|
I
I
I
I
I
I
I
I
|
I
+

If the client inputs 'd' to delete an existing task, you need to enter the index of the task to be deleted in the
command line interface. In the illustration above, the task 'CharacterizeTest' generated by GPT could not be
performed, so the task was deleted. Once all tasks are completed, you will see that
'SolidStateModule CharacterizeTest' has been removed.

21 | 42

COMPUTATIONAL SCIENCE

Pl el E e @J RESEARCH CENTER

Korea Institute of Science and Technology
Korea Institution of Science and Technology



]
Kdl

B e
[Feedback system (task generation)]:
HHHHHHEH

current task List

______________________________ 3
current task name
______________________________ N
SolidStateModule_LoadPowder
SolidStateModule_AddPowder

|
|
SolidStateModule_MixPowders |
SolidStateModule_Press

SolidStateModule_Calcine |
SolidStateModule Sinter |
SolidStateModule_Cool |
SolidStateModule_Grind |
SolidStateModule Pelletize |
SolidStateModule_MeasureMass |
SolidStateModule_Addsolution |

If all process is done, client input ‘done’ in command line interface. This figure show all task of ‘SolidStateModule’.

4.4 Match action sequence for task execution in module node

B S S
[GPT (ActionTranslator)]: match device-action combination for each task...
s
{
"prompt_tokens":
"completion_tokens":
"total_tokens": 2185

1184,
1001,

[Feedback system (match task-->device-action)]: Devices registration for SolidStateModule_LoadPowder (type 'done' when finished)

RobotArm
Pipette
Pump
Stirrer

['Move', 'Rotate', 'Lift', 'Lower', 'Grab’,
['Aspirate', 'Dispense', 'Rinse', 'Mix', 'Eject’,
['Initialize", 'Flush', 'Inject']
['Stir', 'Stop']

PowderDispenser | ['Dispense', 'Stop']

WeighingMachine | ['Weigh', 'Tare', 'Stop']

| ['Heat', 'Cool', 'Stop']

e L B et +

'Release’, 'Position’,
‘Calibrate’]

‘Place', 'Home']

HHEEHEE AR

[Feedback system]: task @-->SolidStateModule_LoadPowder
e e s

o m +
| SolidStateModule_LoadPowder --> device:action |
e +
| RobotArm_Move

| RobotArm_Grab

| RobotArm_Position

| RobotArm_Place

|
5

|
|
|
|
RobotArm_Release |
+

Do you want to insert, switch or delete device action of SolidStateModule_LoadPowder? ('i'/'s'/'d' or ‘'done'): I

After configuring the tasks, GPT recommends combinations and sequences of actions to perform each task.
The red box in the figure shows the recommended action combination and sequence for 'LoadPowder’ via GPT.
Unlike action and task generation, configuring the action sequence is crucial for performing chemical experiment
tasks correctly. Therefore, researchers can use the feedback logic to insert new actions in action sequence,
change the sequence, or delete actions based on GPT's recommended sequence. This feedback system could
provide the correct action sequence.
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4.4.1 Insert new action in action sequence

R R S s
[Feedback system]: task @-->SolidStateModule_LoadPowder
i s S e R

RobotArm_Move
RobotArm_Grab
RobotArm_Position
RobotArm_Place
RobotArm_Release

Hjit /s / d or*done’) i

| RobotArm

| Pipette

| Pump

| Stirrer

| PowderDispenser

| WeighingMachine |
| Heater |

| Release
| Position
| Place

Enter a addtional device action index for SolidStateModule_LoadPowder: 9
Enter a index of inserted action for SolidStateModule_ LoadPowder (start --> 1): 1

action list

_____________________________________________________________________________________ +
RobotArm ['Move', 'Rotate', 'Lift', ‘Lower', 'Grab', 'Release', 'Position', 'Place', 'Home']
Pipette ['Aspirate', 'Dispense', 'Rinse', 'Mix', 'Eject', 'Calibrate']
Pump ["Initialize', 'Flush', 'Inject'] |
Stirrer ['Stir', 'Stop'] |
PowderDispenser | ['Dispense’, 'Stop'] |
WeighingMachine ['Weigh', 'Tare', 'Stop'] |
Heater ['Heat', 'Cool', 'Stop'] |

_____________________________________________________________________________________ +

HHEEHEEEHEER
[Feedback system]: task @-->SolidStateModule_LoadPowder
HHHHHHHEHHE R

+
|

+

| RobotArm_Home
| RobotArm_Move
|

|

|

|

-

RobotArm_Position
RobotArm_Place
RobotArm_Release
_______________________________________________ +
Do you want to insert, switch or delete device action of SolidStateModule_LoadPowder? ('i'/'s‘/'d'l

|

|
RobotArm_Grab

|

|

|

If the client inputs 'i' to insert a new action into the sequence, the feedback system will first ask for the type of
device to be added. The client will enter the device’s index to be added, and then the system will ask for the
type of action for that device. When the client inputs the action's index, the feedback system will ask for the
index of the position where the action should be inserted in the action sequence. The position index starts at 1,
and if the client types 1, the action will be inserted at the very beginning. For example, if 1 is entered, the 'Home'
action of 'RobotArm' will be inserted at the first of the action sequence, as shown in the figure.
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4.4.2 Switch two actions in action sequence

T
[Feedback system]: task ©-->SolidStateModule_LoadPowder
B S e s

RobotArm Home
RobotArm_Move
RobotArm Grab
RobotArm_Position
RobotArm_Place
RobotArm_Release

Do you want to insert, switch or delete device action of SolidStateModule_ LoadPowder? ('i'/'s'/'d's
Enter a index of the device action to switch: 2
Enter the other index of device action to swit

RobotArm ['Move', 'Rotate', 'Lift', ‘Lower', 'Grab', 'Release', 'Position’,
Pipette [*Aspirate', 'Dispense', 'Rinse’', 'Mix', 'Eject', 'Calibrate']
Pump ['Initialize', 'Flush', 'Inject']
Stirrer [ESEinsStop ]
PowderDispenser ['Dispense’, 'Stop']
WeighingMachine ['Weigh', 'Tare', 'Stop']
['Heat', 'Cool', 'Stop']
_____________________________________________________________________________________ i

SerEETEEaEEa Rk bED
[Feedback system]: task ©-->SolidStateModule_LoadPowder
e R b e
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, &
SolidStateModule_ LoadPowder --> device:action |
_______________________________________________ 0
RobotArm_Home
RobotArm_Grab
RobotArm_Move
RobotArm_Position
RobotArm_Place

|

|

|

|

|
RobotArm_Release

+

Do you want to insert, switch or delete device action of SolidStateModule_LoadPowder? ('i'/'s'/'d' or ‘'done'): I

If the client inputs 's' to switch the order of specific actions within the existing action sequence, they need to
enter the index of each action to be switched in command line interface. In the illustration above, the second
and third actions were switched. Once this task is completed, you will see that the order of 'RobotArm_Move'
and 'RobotArm_Grab' actions has been swapped.
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4.4.3 Delete action in action sequence

ShbLLaR AR R S
[Feedback system]: task ©-->SolidStateModule_LoadPowder
SHHRERH RS RS ET

RobotArm_Home
RobotArm_Grab
RobotArm Move
RobotArm_Position
RobotArm_Place
RobotArm_Release

Do you want to insert, switch or delete device action of SolidStateModule_LoadPowder? ('i'/'s'/'d' or ‘'done'): d
Enter a index of device to delete for SolidStateModule LoadPowder, or ‘'back': 4

RobotArm ['Move', 'Rotate', 'Lift', 'Lower', 'Grab', 'Release', 'Position', 'Place’,
Pipette ['Aspirate', 'Dispense', 'Rinse’, 'Mix', 'Eject', 'Calibrate']

Pump ['Initialize', 'Flush', 'Inject']

Stirrer ['Stir', 'Stop']

PowderDispenser [ 'Dispense’, 'Stop']

WeighingMachine ['Weigh', 'Tare', 'Stop']

Heater ['Heat', 'Cool', 'Stop']

B
[Feedback system]: task @-->SolidStateModule_lLoadPowder
SEsbbegmnbbinaniel

RobotArm_Home
RobotArm_Grab
RobotArm_Move
RobotArm_Place
RobotArm_Release

'i'/'s'/'d' or 'done'
If the client inputs 'd' to delete an existing action from the sequence, they need to enter the index of the action

to be deleted in the command line interface. In the illustration above, you can see that the 'RobotArm_Position'
action has been deleted from the sequence.

HHIHH
[Feedback system (match task-->device-action)]: Final Device:Action List

___________________________________________________________________________________________ +
device:action list
___________________________________________________________________________________________ +
[ "RobotArm_Home', 'RobotArm_Grab', 'RobotArm_Move', 'RobotArm_Place', 'RobotArm_Release']

[ 'PowderDispenser_Dispense' ]

[*Stirrer_Stir']

[ 'RobotArm_Move', 'RobotArm_Position', 'RobotArm_Release']

SolidStateModule_LoadPowder
|
|
|
['Heater_Heat', 'Heater_Stop']
|
[
|
|
|
|

SolidStateModule_AddPowder
SolidStateModule_MixPowders
SolidStateModule_Press
SolidStateModule_Calcine
SolidStateModule_Sinter
SolidStateModule_Cool
SolidStateModule_Grind
SolidStateModule_Pelletize
SolidStateModule_MeasureMass
SolidStateModule_Addsolution
iocosonoliiliioooaocoosiooaas

[ 'Heater_Heat', 'Heater_Stop']

[ 'Heater_Cool', 'Heater_Stop']

[ 'RobotArm_Move', 'RobotArm_Grab', 'RobotArm_Release']

[ 'RobotArm_Move', 'RobotArm_Grab', 'RobotArm_Release']

[ 'WeighingMachine_Tare', 'WeighingMachine_Weigh']

['Pipette_Aspirate', 'Pipette_Dispense']
___________________________________________________________________________________________ +

—_——— — 4

If all process is done, client input ‘done’ in command line interface. Through the GPT and feedback system,
each task can be performed by customizing the action sequence for that task. The illustration above shows the
resulting action sequences configured for each task.
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4.5 Generate task template and type validation

B T

[GPT]: task template generation...

SRR

token : {
"prompt_tokens": 1146,
"completion_tokens": 1656,
"total_tokens": 2802

[Feedback system (modify task template)]: Data modification for SolidStateModule_LoadPowder template (type 'done' when finished)

| index | key of 'SolidStateModule_LoadPowder"
e oo
| Material
| Amount
| Device
o - ettt

HHHHEHE R

[Feedback system]: task @ --> 'SolidStateModule_LoadPowder'

A

Do you want to add, rename or delete data of 'SolidStateModule_LoadPowder®' template? ('a'/'r'/'d' or 'done'): D

The process involves creating a template in JSON format for the information that needs to be filled out for tasks
made through the GPT and feedback system. The task template must include all the necessary information for
the actions included in the action sequence. The example above shows the task template for
'SolidStateModule_LoadPowder' recommended by GPT. 'LoadPowder' is the process of loading a stock
container filled with powder into the solid dispenser.

4.5.1 Add new key in task template

[Feedback system (modify task template)]: Data modification for SolidStateModule_LoadPowder template (type 'done' when finished)

st | Material
| 2 | Amount | {'value': @, 'Dimension’:
| Device
Hommmm - B e +

B
[Feedback system]: task @ --> 'SolidStateModule_LoadPowder'

Do you want to add, rename or delete data of 'SolidStateModule_LoadPowder' template? ('a'/'r'/'d' or 'done'): a
Enter an additional key for SolidStateModule_LoadPowder: FromTo

| Material

| Amount ': @, 'Dimension': 'g'}

-
|

+
l
|
|
|

T

HHHEH

[Feedback system]: task @ --> 'SolidStateModule_LoadPowder'

SR

Do you want to add, rename or delete data of 'SolidStateModule_LoadPowder' template? ('a'/'r'/'d' or 'done'): I

The task template must include information about which material is being loaded. However, the current template
does not include the position information for the robot arm. Therefore, if the client inputs 'a' to add new
information, they will then enter the key for the new information. In this example, 'FromTo' was entered to denote
the position information for the robot arm. When asked if the information is quantitative, the client entered 'n,’
indicating that 'FromTo' is not quantitative. Quantitative information refers to data requiring numerical values,
such as "Volume,' 'Concentration," 'InjectionRate,' 'Weight,' and 'StirRate'. If 'y" is input here, the task's value will
be created as {'Value': 0, 'Dimension': "}, and if 'n' is input, {'Type": "} will be created. As a result, 'FromTo' as a
key, with its value being a dictionary, was added to the template, as shown in the example.
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4.5.2 Rename key in task template

TR — e mm e e e
| index | key of 'SolidStateModule_ LoadPowder'

| Material

| Amount : @, 'Dimension’:
| Device

| Fromto

ShbmSss R R R

[Feedback system]: task @ --> 'SolidStateModule_LoadPowder'

ShmmamsEiias sy

Do you want to add, rename or delete data of 'SolidStateModule_LoadPowder' template? ('a'/'r'/'d' or 'done'): r
Enter the index of key to rename: 4

Do you want to rename key (‘'k') or value ('v')? press 'k'/'v' or 'back: k

Enter the new key to rename: location

Is it quantitive value type for the key? 'y'/'n' or

+
|
1
1
'
1
i

+
i
1
1
|
1
'
|
1
1
1
'
1
1
'
'
1
1
|
'
1
'
|
1
1
1
'
1
1
1
|
1
1
1
1
1
'
'
1
|
1
1
1
'
|
1
1
|
1
1
'
|
1
|
1
1
1
1
1
|
|
I
1
1
1
1
'
|
|
1
1
1
1
1
|
|
1
i
o

| index | key of 'SolidStateModule_ LoadPowder' value of 'SolidStateModule_LoadPowder'
| Material
| Amount
| Device
| Location

: @, 'Dimension’:

+
1
1
1
]
i
i

+
1
1
1
1
i
1
1
1
1
1
1
i
i
|
1
1
1
1
1
i
1
i
i
i
1
]
]
i
i
i
1
1
1
1
1
:
i

H———— + — 4+

B

[Feedback system]: task @ --> 'SolidStateModule_LoadPowder'

Rt e

Do you want to add, rename or delete data of 'SolidStateModule_LoadPowder' template? ('a'/'r'/'d' or 'done'): I

If you want to change a specific key to another word, the client can input 'r' to modify it. In the example above,
'Fromto' key was intended to be changed to 'Location.' Therefore, the index of the key to be renamed was
entered, and since the modification is not within the value, 'k' was input to change the key word. Then, the new
word was entered, and since it is not quantitative information, 'n' was input. As seen in the example, the 'Fromto’
key was successfully renamed to 'Location.’

[Feedback system (modify task template)]: Data modification for SolidStateModule_AddPowder template (type 'done' when finished)

| index | key of 'SolidStateModule_AddPowder'
4ommm e
| Material
| Amount
| Device
R Mmoo

B S S
[Feedback system]: task 1 --> 'SolidStateModule_AddPowder'

Do you want to add, rename or delete data of 'SolidStateModule_ AddPowder' template? ('a'/'r'/'d"' or ‘'done'): r
Enter the index of key to rename: 2

Do you want to rename key ('k') or value ('v')? press 'k'/'v' or 'back: v

Please input dimension of value (ex. mL, pL or mL/s, mPa, mV...

| index | key of 'SolidStateModule_AddPowder'
R e
| Material
| Amount
| Device
o e

[Feedback system]: task 1 --> 'SolidStateModule_AddPowder'

Do you want to add, rename or delete data of 'SolidStateModule_AddPowder' template? ('a'/'r'/'d"' or 'done'): I

Unlike the 'LoadPowder' task, the 'AddPowder' task template requires the 'Amount’ information. In the example
above, the value of the 'Amount' key's 'Dimension’' was intended to be renamed from 'g' to 'mg.' Therefore, 'r'
was input, followed by the index of the key to be renamed. Then, 'v' was input to indicate that the value inside
the key should be modified, and the word to be changed within the 'Dimension' was entered. Through this
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process, the 'Dimension' was successfully changed from 'g' to 'mg.’

4.5.3 Delete key in task template

FEE—— - i AL,
| index | key of 'SolidStateModule_ LoadPowder'
4mmmm e e
| Material
| Amount : @, 'Dimension':
| Device
| Location
R T T T

S

[Feedback system]: task © --> 'SolidStateModule_LoadPowder'

FRFHE

Do you want to add, rename or delete data of 'SolidStateModule_LoadPowder' template? ('a'/'r'/'d' or 'done'): d

Enter the key to del 2
—— mmmmmmmmm
| index | key of 'SolidStateModule LoadPowder'
- - o m o
| Material
| Device
| Location
ommmm e e T e

R

[Feedback system]: task @ --> 'SolidStateModule_LoadPowder'’

S

Do you want to add, rename or delete data of 'SolidStateModule LoadPowder' template? ('a'/'r'/'d' or 'done’

Since the 'LoadPowder task involves loading a stock container filled with powder into the solid dispenser, the
'Amount’ key, which indicates how much to load, is more suitable for the 'AddPowder' task. Therefore, 'd' was
input, followed by the key's index, to delete it.

i
[Feedback system (modify task template)]: Final Task Template
HHHHEHHEHEHEH

SolidStateModule_LoadPowder ‘Material

SolidStateModule_AddPowder ‘Material’: {' 3 $ ¢ 8 Dimension mg'}, 'Device': {}}

SolidStateModule_MixPowders ‘Time': {' g i ion': ' E *: {'Value': @, 'Dimension': ‘rpm'}, ‘Device': {}}
SolidStateModule_Press 2 ¢ 5 ‘Dimension’: 'Pa‘ 2 ': {'Value': @, 'Dimension': 'min'}, ‘'Device': {}}
SolidStateModule_Calcine t relisdt : @, 'Dimension': 'eC' 'Time': {'Value': @, ‘'Dimensi : 'h'}, 'Atmosphere': {'Type': ''},
SolidStateModule_Sinter ' r 2 P ': @, 'Dimension’: : 'Time': {'Value': @, 'Dimension': 'h'}, 'Device': {}}
SolidStateModule_Cool g Ug e 8 ‘Dimension': 'eC/min'}, 'Device': {}}

SolidStateModule_Grind ‘Time': {' g ‘Dimension’ ' 'Device': {}}

SolidStateModule_Pelletize ‘Pressure': {'Value': ‘Dimension’: 'Pa'}, 'Time': {'Value': @, 'Dimension’': 'min'}, ‘Device': {}}

SolidStateModule:MeasureMass | {'Method': {'Type': 'Device': {}}
SolidStateModule_Addsolution | {'Material 'Value': @, 'Dimension': 'mL’ 'Concentration': {'Value': @, 'Dimension': 'M'

If all process is done, client input ‘done’ in command line interface. Each task template can be customized
through the GPT and feedback system. The figure shows the resulting task templates configured for each task
of the ‘SolidStateModule’.
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4.5.4 Code automated generation of action translator, task template and task Pydantic

0O Task

3 Pydantic
@ ElectroChemicalRDEModule.py
@ SolidStateModule.py

[ Task_DeviceAction
{-} ElectroChemicalRDEModule.json
{-+ SolidStateModule.json

[ Template
-+ ElectroChemicalRDEModule.json
{-+ SolidStateModule.json
{-} Template_module.json

® TaskGenerator_Class.py

@ TaskScheduler_Class.py

3 Action
03 Module
@ ElectroChemicalRDEModule.py
® SolidStateModule.py
® ActionExecutor_Class.py

@ ActionTranslator_Class.py

{-+ routing_table.json

Directory name Description
Task The directory related to tasks
L_pydantic Script of type validation of task

template via Pydantic package

L—Task_DeviceAction

A JSON file that stores the action
sequences for all tasks for each
module

L—Template

A JSON file that stores template
containing the necessary
information for each task for each
module

%)

L_TaskGenerator_Class.py

Script of task generator

L_TaskScheduler_Class.py

Script of task scheduler

Action

The directory related to actions

L—_Module

Script of module node for actior
translation

L—ActionExecutor_Class.py

Script of action executor

L—ActionTranslator_Class.py

Script of action translat

L—routing_table.json

A JSON file that stores IP/Port
number of each module
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4.6 Address long device standby times for job trigger
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SolidStateModule_LoadPowder |
SolidStateModule_AddPowder |
SolidStateModule_MixPowders |
SolidStateModule Press
SolidStateModule_Calcine |
SolidStateModule_Sinter
SolidStateModule_Cool
SolidStateModule_Grind
SolidStateModule Pelletize |
SolidStateModule MeasureMass |
SolidStateModule_Addsolution |
-+
Do you want to add or delete this task with long device standby time (bottleneck in module)? ('a'/'d') (or 'done' to finish): I

=
|

A
|
|
|
|
|
|
|
|
|
|
|

+

Device standby times, where no significant actions are performed in terms of devices, may substantially impair
job execution efficiency. An example of device standby times is the chemical reaction period ("React" task) in
the "BatchSynthesisModule", where chemical reactions occur in chemical vessels but no actions are performed
in terms of devices.

In this chapter, the process of registering a task with a long device standby time for the job trigger's decision
policy is demonstrated. The illustration above shows all the tasks currently available in the 'SolidStateModule."'

4.6.1 Add task with long device standby time
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1
I
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1
'
|
|
'
I
'
'
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'
'
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'
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'
|
'
'
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1
|
!
I
1
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'
1
|
1
+

SolidStateModule_LoadPowder |
SolidStateModule AddPowder |
SolidStateModule_MixPowders |
SolidStateModule Press |
SolidStateModule_Calcine |
SolidStateModule_Sinter |
SolidStateModule_Cool |
SolidStateModule_Grind |
SolidStateModule Pelletize |
SolidStateModule_MeasureMass |
SolidStateModule Addsolution |

—_—_——— e — — —  — ¢

' to finish): a
, 'back' to return): 3

s
[Feedback system (task generation)]: current task List
SHEEHEHREHRER R

B e e +

| current task name

B +
SolidStateModule_LoadPowder
SolidStateModule_AddPowder
SolidStateModule_MixPowders
SolidStateModule_Press
SolidStateModule_Calcine
SolidStateModule_Sinter
SolidStateModule_Cool
SolidStateModule Grind
SolidStateModule Pelletize
SolidStateModule_MeasureMass
SolidStateModule_Addsolution

S S S

1
'
'
I
I
1
'
'
1
I
1
'
1
'
I
1
]
'
'
'
I
'
1
'
'
1
1
I
1
1
A

Do you want to add or delete this task with long device standby time (bottleneck in module)? ('a'/'d') (or ‘'done' to finish): I

If the client inputs 'a' to add a task with a long device standby time, they need to enter the index of the task.
Since the 'MixPowder' task in 'SolidStateModule’ has a long device standby time,
'SolidStateModule_MixPowder' will be added.
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4.6.2 Delete task with long device standby time

mmm +
| idx | final addressed task with devcie standby time
A e e e e e +
| SolidStateModule_MixPowders
| SolidStateModule_Addsolution
F—— oo +

R
[Feedback system (task generation)]: current task List
IR

+
|
1
'
|
|
'
'
1
|
|
|
|
|
'
|
|
|
1
'
|
'
'
'
'
|
'
|
|
'
|

current task name

SolidStateModule_LoadPowder
SolidStateModule_AddPowder
SolidStateModule_MixPowders
SolidStateModule_Press
SolidStateModule_Calcine
SolidStateModule_Sinter
SolidStateModule_Cool
SolidStateModule Grind
SolidStateModule Pelletize
SolidStateModule_MeasureMass
SolidStateModule_Addsolution

O oONOUVAE WNER

=
(S}
e e Y e )

juy
=

Do you want to add or delete this task with long device standby time (bottleneck in module
Enter the only task index to add/delete in long device standby time, dervied bottleneck (or

S
[Feedback system (task generation)]: current task List
R
o m e +
| current task name |
s

i
|
|
|
'
|
|
|
|
|
|
|
|
|
'
|
|
|
1
|
'
'
|
'
|
|
|
|
|
'
'

SolidStateModule_LoadPowder |
SolidStateModule_AddPowder |
SolidStateModule MixPowders |
SolidStateModule_Press |
SolidStateModule_Calcine |
SolidStateModule_Sinter |
SolidStateModule_Cool |
SolidStateModule_Grind |
SolidStateModule Pelletize |
SolidStateModule_ MeasureMass |
SolidStateModule_ Addsolution |

+

e e ey e

Do you want to add or delete this task with long device standby time (bottleneck in module)? ('a'/'d') (or 'done' to finish): I

If a task has been incorrectly added and needs to be deleted, the client can input 'd' and then enter the index of
the registered task to delete it. In the example above, the 'AddSolution’ task was incorrectly registered, so 'd'
and 2 were input to delete it.
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4.6.3 Code automated generation of device standby time.json
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'
|
|
'
'
'
'
'
'

s

SolidStateModule_LoadPowder |
SolidStateModule_AddPowder |
SolidStateModule_MixPowders |
SolidStateModule_Press |
SolidStateModule_Calcine |
SolidStateModule_Sinter |
SolidStateModule_Cool |
SolidStateModule Grind |
SolidStateModule Pelletize |
SolidStateModule_MeasureMass |
SolidStateModule Addsolution |

—_—_————— - — — +

(]
il

If all process is done, client input ‘done’ in command line interface. The figure shows the addressed task with
long device standby times in ‘SolidStateModule’.

D Job Directory name Description

A JSON file that addresses tasks
device_standby time.json | with long device standby time,
of each module

{-} device_standby_time.json

@ Job_Class.py

c Job_Class. Script of job generation
@ JobScheduler_Class.py —-1ass-py PLOTIOR
. JobScheduler_Class.py Script of job scheduler
® JobTrigger.py
JobTrigger.py Script of job trigger
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4.7 Masking table generation for safe task execution

HHEHEHHEHRERREE

[Feedback system (ResourceManager->Masking Table)]

HHHRHRHRERERR

e

+
|
+
|
|
|
|
|
|
|
|
|
|
|
|
I

+

(Optional) add new devices for each previous task

—————————————————————————————————————————— B et e 3

task name

ElectroChemicalRDEModule_SetupElectrode
ElectroChemicalRDEModule_Calibrate
ElectroChemicalRDEModule_LoadSample
ElectroChemicalRDEModule_AdjustRotation
ElectroChemicalRDEModule_ApplyPotential
ElectroChemicalRDEModule_RecordCurrent
ElectroChemicalRDEModule_PerformCV
ElectroChemicalRDEModule_PerformLPR
ElectroChemicalRDEModule_PerformeIS
ElectroChemicalRDEModule_ChangeSolution
ElectroChemicalRDEModule_CleanElectrode
ElectroChemicalRDEModule_AnalyzeData

ElectroChemicalRDEModule_PerformanceTest

current masking table

'ElectroChemicalRDEModule_RobotArm',

'ElectroChemicalRDEModule_Potentiostat’,

'ElectroChemicalRDEModule_Pipette’]
'ElectroChemicalRDEModule_RdeRotator']
'ElectroChemicalRDEModule_Potentiostat'
'ElectroChemicalRDEModule_Potentiostat’
‘ElectroChemicalRDEModule_Potentiostat"®
'ElectroChemicalRDEModule_Potentiostat’
'ElectroChemicalRDEModule_Potentiostat’
'ElectroChemicalRDEModule_Pump']
'ElectroChemicalRDEModule_Sonication']

'ElectroChemicalRDEModule_Potentiostat’

'ElectroChemicalRDEModule_Rde’,
'ElectroChemicalRDEModule_RdeRotator']

‘SolidStateModule RobotArm']

This chapter demonstrates the process of registering the task-specific masking table for the resource manager.
The figure above shows the masking table for all tasks in the 'SolidStateModule.' Therefore, if you want to add
the devices from existing modules to the task-specific masking table of the new module being registered, input

'y'; otherwise, input 'n'.

HHHHEHHEHRHE

[Feedback system (ResourceManager->Masking Table)]

R

task name

ElectroChemicalRDEModule_SetupElectrode
ElectroChemicalRDEModule Calibrate
ElectroChemicalRDEModule_LoadSample
ElectroChemicalRDEModule_AdjustRotation
ElectroChemicalRDEModule_ApplyPotential
ElectroChemicalRDEModule_RecordCurrent
ElectroChemicalRDEModule_PerformCV

(Optional) add new devices for each previous task

'ElectroChemicalRDEModule_RobotArm', 'ElectroChemicalRDEModule Rde', 'SolidStateModule_ RobotArm'] |

'ElectroChemicalRDEModule Potentiostat’,
‘ElectroChemicalRDEModule Pipette’]
"ElectroChemicalRDEModule_RdeRotator®]
'ElectroChemicalRDEModule_Potentiostat’
'ElectroChemicalRDEModule_Potentiostat’
'ElectroChemicalRDEModule_Potentiostat'’

'ElectroChemicalRDEModule_RdeRotator']

ElectroChemicalRDEModule_PerformLPR
ElectroChemicalRDEModule_PerformEIS
ElectroChemicalRDEModule_ChangeSolution 'ElectroChemicalRDEModule_Pump' ]

ElectroChemicalRDEModule_CleanElectrode 'ElectroChemicalRDEModule_Sonication']
ElectroChemicalRDEModule_AnalyzeData ]
ElectroChemicalRDEModule_PerformanceTest 'ElectroChemicalRDEModule_Potentiostat’

'ElectroChemicalRDEModule_Potentiostat’

|
|
|
[
[
|
'ElectroChemicalRDEModule Potentiostat’ |
|
[
|
|
|

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, +
RobotArm

Pipette

Pump

Stirrer

PowderDispenser

WeighingMachine

Heater

Enter the only device index to add in masking table (or 'done' to finish,
Add new device (SolidStateModule_RobotArm) in masking table: ['ElectroChemicalRDEModule_Pipette',

‘back' to return): 1
'SolidStateModule_RobotArm']

Enter the only device index to add in masking table (or 'done' to finish, 'back

return): done
Is there a system for sharing newl devices? (' )iz Min

Let's assume that 'ElectroChemicalRDEModule’ was already registered and you are registering
'SolidStateModule.' If the user wants to add the 'RobotArm' of 'SolidStateModule' to the masking table of the
'LoadSample' task in 'ElectroChemicalRDEModule’, you should input 'y' and then enter the index of the task.
The figure above input ‘3’, which represents 'ElectroChemicalRDEModule_LoadSample' task. Following this,
the command line interface will prompt the user to enter the index of the 'SolidStateModule's 'RobotArm’' that
you want to register. The figure above input ‘1’, which represents 'SolidStateModule _RobotArm' task.

If you want to add another device, you should input the index of the device. Once the modifications to the
masking table of the 'LoadSample' task in 'ElectroChemicalRDEModule’ are complete, input 'done.' When the
modifications to the task-specific masking table of 'SolidStateModule' are finished, input 'n'.
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S
[Feedback system (ResourceManager->Masking Table)] current addressed device list
HHHHHHEHHAHHEEHE

| SolidStateModule LoadPowder current all device |

e +

| ElectroChemicalRDEModule_RobotArm

| ElectroChemicalRDEModule_LinearActuator

| ElectroChemicalRDEModule_ Pump

| ElectroChemicalRDEModule Pipette |

| ElectroChemicalRDEModule_Rde

| ElectroChemicalRDEModule_RdeRotator

| ElectroChemicalRDEModule Sonication

| ElectroChemicalRDEModule Humidifier |

| ElectroChemicalRDEModule Potentiostat

ElectroChemicalRDEModule Cell
|
|
|
|
|
|
|
|
|
|

OWoONOUVIE WNER

=
= o

ElectroChemicalRDEModule_IrRamp
ElectroChemicalRDEModule MillingMachine
ElectroChemicalRDEModule_GasRegulator
SolidStateModule_RobotArm
SolidStateModule Pipette
SolidStateModule_ Pump
SolidStateModule_Stirrer
SolidStateModule_PowderDispenser
SolidStateModule_WeighingMachine
SolidStateModule_Heater

P S
vihs wN

[y
~N

= =
) o
R RV

|
|
1
I
1
'
1
1
1
'
'
I
1
|
'
I
1
'
'
I
1
1
'
1
1
1
1
'
1
1
|
1
I
1
'
1
I
1
1
|
1
1
1
|
'
I
1
|
1
I
i
+

HHEHEHEHEHEHE
[Feedback system (ResourceManager->Masking Table)] masking device list
sEnEEFEEREnRLy

$----- e e T e +
| idx | SolidStateModule_ LoadPowder --> current masking device |
oo o m e o +
| SolidStateModule_RobotArm
$o---- e e +
Do you want to add or delete masking device of SolidStateModule_LoadPowder? ('a'/'d' or 'done'): I

After completing the registration of the new module's device into the masking tables of the previously registered
module, the next step is to modify the task-specific masking table of the new module. Therefore, the figure
above shows all devices registered in OCTOPUS and asks if you want to modify the masking table of each task
in new module.

If the you want to register a new device into the masking table of each task, shown by the feedback system,
you should input 'a'. To delete a registered device, you should input 'd'. To finish modifying the masking table,
you should input 'done’.
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4.7.1 Add new device in masking table for each task

HEEE RS
[Feedback system (ResourceManager->Masking Table)] masking device list
R

4o e T +
| idx | SolidStateModule LoadPowder --> current masking device |

Do you want to add or delete mask
Enter a index of masking device for SolidStateModule_LoadPowde

HHHH
[Feedback system (ResourceManager->Masking Table)] current addressed device list
B e

e +
| SolidStateModule_LoadPowder --> current all device |
e +
| ElectroChemicalRDEModule_RobotArm |
| ElectroChemicalRDEModule_LinearActuator |
| ElectroChemicalRDEModule_Pump |
| ElectroChemicalRDEModule Pipette |
| ElectroChemicalRDEModule_ Rde |
| ElectroChemicalRDEModule RdeRotator |
| ElectroChemicalRDEModule_Sonication |
| ElectroChemicalRDEModule Humidifier |
| ElectroChemicalRDEModule_Potentiostat |
ElectroChemicalRDEModule Cell |
ElectroChemicalRDEModule_IrRamp |
ElectroChemicalRDEModule_MillingMachine |
ElectroChemicalRDEModule_GasRegulator |
SolidStateModule_RobotArm |
SolidStateModule Pipette |
SolidStateModule_Pump |
SolidStateModule Stirrer |
SolidStateModule_PowderDispenser |
SolidStateModule_WeighingMachine |
SolidStateModule_Heater |

e e e

.
i
i
:
:
:
'
i
i
:
i
i
i
i
:
i
:
i
i
i
:
i
:
'
'
'
i
i
:
.
i
i
:
'
:
i
i
i
‘
'
i
:
:
:
'
i
i
:
i
i
i

A

T
[Feedback system (ResourceManager->Masking Table)] masking device list
HHEHHEEHHEEHHE

| SolidStateModule_RobotArm
| ElectroChemicalRDEModule_ RobotArm

I s L P L i e e i i i i B T T i S PP S

Do you want to add or delete masking device of SolidStateModule_LoadPowder? ('a'/'d' or 'done'): I

For example, let's assume that the same robot arm is shared between 'SolidStateModule' and
'ElectroChemicalRDEModule." To register 'ElectroChemicalRDEModule_RobotArm' into the masking table of
'SolidStateModule_LoadPowder," input the index (=1) corresponding to 'RobotArm' in
'ElectroChemicalRDEModule’. As a result, as shown in the red box in the illustration above,
'ElectroChemicalRDEModule_RobotArm' will be newly registered in the masking table of
'SolidStateModule _LoadPowder.'
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4.7.2 Delete device in masking table for each task

HHEHEHEHEHERE
[Feedback system (ResourceManager->Masking Table)] masking device list
SR

. S
| idx | SolidStateModule_LoadPowder --> current masking device] |
et e +
| SolidStateModule RobotArm
| ElectroChemicalRDEModule_RobotArm

EREFRT AR
[Feedback system (ResourceManager->Masking Table)] current addressed device list
HHHEHEHEHEHE

SolidStateModule_LoadPowder t all device |
____________________________________________________ +
ElectroChemicalRDEModule_RobotArm
ElectroChemicalRDEModule_LinearActuator
ElectroChemicalRDEModule Pump
ElectroChemicalRDEModule_Pipette
ElectroChemicalRDEModule_Rde
ElectroChemicalRDEModule_RdeRotator
ElectroChemicalRDEModule_Sonication
ElectroChemicalRDEModule_Humidifier
ElectroChemicalRDEModule_Potentiostat
ElectroChemicalRDEModule Cell
ElectroChemicalRDEModule_IrRamp
ElectroChemicalRDEModule_MillingMachine
ElectroChemicalRDEModule_GasRegulator
SolidStateModule_RobotArm

SolidStateModule Pipette

SolidStateModule_Pump

SolidStateModule_Stirrer
SolidStateModule_PowderDispenser
SolidStateModule_WeighingMachine
SolidStateModule_Heater
____________________________________________________ +

S
[Feedback system (ResourceManager->Masking Table)] masking device list
HHHHH R

nEEE— Hmmmmmmm | +
| idx | SolidStateModule_LoadPowder --> current masking device| |

Do you want to add or delete masking device of SolidStateModule_LoadPowder? ('a'/'d' or ‘'done'):

This time, let's delete a device registered in the masking table. To delete
'ElectroChemicalRDEModule_RobotArm' from the masking table of 'SolidStateModule_LoadPowder,' input the
index corresponding to 'RobotArm' in 'ElectroChemicalRDEModule,’ which is 2. As a result, as shown in the red
box in the illustration above, 'ElectroChemicalRDEModule_RobotArm' will be removed from the masking table
of 'SolidStateModule _LoadPowder.'

Do you want to add or delete masking device of SolidStateModule_Addsolution? ('a‘'/'d' or 'done'): done

HHHEHHEHERERHEREE
[Code generation (ResourceManager->SolidStateModule)]: Code generation of SolidStateModule in ResourceManager, followed by GPT/Feedback system result

HHHRHRHHHEHHE
HHHHHEEHERERREREE
SolidStateModule module registration completed!
HHHHRHEHERHEHEHEEE

Once all modifications to the masking table are complete, input 'done’ to exit the feedback system for masking
table modifications. After that, the Copilot of OCTOPUS will proceed with code generation related to the masking
table.
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4.7.3 Code automated generation of resource manager

3 Resource
03 Module
@ ElectroChemicalRDEModule.py
@ SolidStateModule.py
device_location.json
device_masking_table.json

device_status.json

® ResourceAllocator_Class.py

@ ResourceManager_Class.py

Directory/Script name

Description

Module

Resource allocator for each module

device_location.json

Device resources (location
information) for each module

device masking_table.json

Device status table included all
devices for each module

device_status.json

Device masking table for all task of
each module

ResourceAllocator_Class.py

Script of resource allocator inherited
by Module/ {module name}.py

ResourceManager Class.py

Script of resource manager

37 1 42

COMPUTATIONAL SCIENCE

@l RESEARCH CENTER

Korea Institution of Science and Technology

Korea Institute of Science and Technology

K]ST JETTLI PN EY



S. Appendix: Manual modification in OCTOPUS

5.1 Connect device to module node

To perform the defined tasks using devices, you must define the communication methods (RS232, RS486 or
ethernet) and data transmission protocols according to the specifications set by each manufacturer. This
requires consulting the manuals or libraries provided by the manufacturers. For example, if you use a syringe
pump from “Tecan”, refer to the “TecanAPI” library provided by Tecan to select the communication method and
enter the data transmission protocol in the code. If you created a custom Arduino-based device, you should
predefine the data transmission protocol based on serial communication and register it with the module node.

5.1.1 Set device information

PowderDispenser:

lef __init_ (self, logger_obj, device_name="

self.info[ 'Dev e']=device_name

self.logger_obj=logger_obj
self.device_name=device_name

Device information requires the input of device settings. Since device information is stored in the task template
by the master node, providing more detailed device information can enhance the reliability of the task.

s PowderDispenser:

__init_ (self, logger_obj, device_name="

arbonBlack"]

.logger_obj=logger_obj
.device_name=device_name
.arduino = serial.Serial(self.info["Port"], self.info["BaudRate"])

For example, in the case of a powder dispenser based on Arduino, you can include the powder type, the
resolution, device port and baud rate as device information. The figure above represents manual modification
of constructor (=*__init__’) function in ‘PowderDispenser.py’
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5.1.2 Translate action to device protocol based on manufacturer manual

PowderDispenser:

Dispense(self, action_data:str, mode_type:str="virtual") -> str:

:param action_data (str) :
:param mode_type="virtual" (str): set virtual or real mode

:return: return_res_msg

current_action_type=sys._getframe().f_code.co_name

device_name="{} ({})".format(self.device_name, mode_type)

debug_msg="Start {} action, action_data={}".format(current_action_type, action_data)
self.logger_obj.debug(device_name=device_name, debug_msg=debug_msg)
action_data_list=action_data.split("&")

if mode_type=="real":

action_data_list
pass
elif mode_type=="virtual":

pass

debug_msg="Finish {} action, action_data={}".format(current_action_type, action_data)
self.logger_obj.debug(device_name=device_name, debug_msg=debug_msg)

return_res_msg="[{}] : {}".format(device_name, debug_msg)
return return_res_msg

After code generation through the Copilot of OCTOPUS, the action functions of the module node's devices are
not implemented as shown in the red box in the illustration. Therefore, you need to translate the actions into
device protocols according to the manufacturer's manual.

s PowderDispenser:

of Dispense(self, action_data:str, mode_type:str="virtual") -> str:

:param action_data (str) :
:param mode_type="virtual" (str): set virtual or real mode

:return: return_res_msg

current_action_type=sys._getframe().f_code.co_name

device_name="{} ({})".format(self.device_name, mode_type)

debug_msg="Start {} action, action_data={}".format(current_action_type, action_data)
self.logger_obj.debug(device_name=device_name, debug _msg=debug_msg)
action_data_list=action_data.split("&")

if mode_type=="real":

material, amount, action_data_l

self.arduino }".format(material, amount, dimension))
elif mode_type=="virtual":

pass

debug_msg="Finish {} action, action_data={}".format(current_action_type, action_data)
self.logger_obj.debug(device_name=device_name, debug_msg=debug_msg)

return_res_msg="[{}] : {}".format(device_name, debug_msg)
return return_res_msg

For example, in the case of a powder dispenser made with Arduino, the coding that entered material name,
amount, and dimension is already done. Therefore, the ‘action_data_list’ should include these three information,
and should be included diverse information depending on device. Use the ‘write’ function of 'self.arduino’,
defined in the constructor function, to execute the 'Dispense' function of the powder dispenser made with
Arduino.
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5.2 Complete action data

[ Action
[ Module

@ ElectroChemicalRDEModule.py
@ SolidStateModule.py

After completing the modifications to the module node, you need to modify the script file located in the
'‘Action/Module' directory.

3ss SolidStateModule(ActionExecutor)
jef SolidStateModule_AddPowder(self, task_info_list:list, jobID:int, location_dict:dict, TaskLogger_obj:object, mode_type="virtual"):

Please construct action_data, using below information (action_type list, location_dict, task_dict, task_idx).

. action_type_list (list)=['RobotArm_Move', 'RobotArm_Grasp', 'PowderDispenser_Dispense', 'RobotArm_Release']
. location_dict (dict)= -->
. task_dict ()={

: "SolidStateModule_AddPowder",

result of ResouceManager.allocateResource

"Type*: "*

s

"Amount": {
"Value": @,
"Dimension"

1

S

"Device":

i

. task_idx

When you open the script saved under the module name, you will find several functions, defined for each task
name of the module. These functions are defined for task execution, and the Copilot of OCTOPUS has
automatically generated the functions to execute actions according to the defined action sequences.

The important point is that you need to define the action data for each action using 'task_dict," which contains
task information, 'location_dict,' which includes resources assigned to the module, and 'task_idx," which
indicates the sequence of operations.

or):
1f, task_info_list:list, jobID:int, loc: t, TaskLogger_obj:

data_dict=dict()

self.ResourceManager_obj.updateStatus(current_func_name, True)

data_dict=self.executeAction(self._SolidStateModule_name,jobID, Jhode_type, TaskLogger_obj, data_dict)

self.ResourceManager_obj.updateStatus(current_func_name, T )

data_dict=self.executeAction(self._SolidStateModule_name,jobID ct" fhode_type, TaskLogger_obj, data_dict)

self.ResourceManager_obj.updateStatus(current_func_name, True)

data_dict=self.executeAction(self._SolidStateModule_name,jobID, " lode_type, TaskLogger_obj,data_dict)|

self.ResourceManager_obj.updateStatus(current_func_name, True)

data_dict=self.executeAction(self._SolidStateModule_name,jobID," ct" fnode_type, TaskLogger_obj, data_dict)

self.ResourceManager_obj.updateStatus(current_func_name, False)

TaskLogger_obj.debug(self._SolidStateModule_name, "Finish

“+current_func_name+" Q

return res_msg
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Since the action data has already been defined in Chapter 5.1, you need to modify red boxes to customized
action data on module node's device script using 'task_dict,' 'location_dict,' and 'task_idx', according to the
previously defined format from module node's device script.

e(Acti utor):
f SolidStateModule_AddPowder(self, task_info_list:list, jobID:int, location_dict:dict, TasklLogger_obj:object, mode_type="virtual"):

data_dict=dict()

Reso Mapaee Bl en
action_data=location_dict["Stirrer"][task_idx]
data_dict=self.executeAction(self. SolidStateModule name,jobID, "RobotArm", ",action_data,mode_type, TasklLogger obj, data dict)

,action_data,mode_type, TasklLogger obj, data_dict)

self.ResourceManager_obj.updateStatus(current_func_name, F:

TaskLogger_obj.debug(self._SolidStateModule_name, "F sh "+current_func_name+" Queue™)

return res_msg

For example, the 'AddPowder' task is composed of the action sequence, such as 'RobotArm_Move,'
'RobotArm_Grasp,' 'PowderDispenser_Dispense,' and 'RobotArm_Release.' You need to customize the action
data for each action. The powder dispenser was predefined in the module node to receive material name,
amount, and dimension when executing the "Dispense" action. Therefore, the action data is extracted from the
task_dict and customized into a single list. Additionally, the 'RobotArm_Move' action can use the resource index
assigned by the resource manager as action data. After defining the action data, the 'self.executeAction' function
is used to command the module node to execute the action by inputting the module name, job ID, device name,
action type, action data, mode type, and data dictionary.
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5.3 [Optional] Define “calculateData’ function in “Analysis’ directory

Analysis > Module > @ ElectroChemicalRDEModule.py > ...

import

import numpy as

import pandas as

import matplotlib.pyplot as
import >

from collections import

def RecordCurrent(data_dict:dict):

pass

def PerformCV(data_dict:dict):

pass

>f PerformLPR(data_dict:dict):

pass

>f PerformEIS(data_

pass

AnalyzeData(data_dict:dict):

pass

After code generation via the Copilot of OCTOPUS, you will find that functions are created in the
'Analysis/Module' folder to preprocess raw data or spectrum data for each task of the module, if needed. In
above figure, the functions received raw data or spectrum data from the 'ElectroChemicalModule' to extract
specific properties, such as overpotential, current density, or stability about electrochemical properties. In such
cases, you need to define how to handle the raw data or spectrum data in each function.

For example, 'PerformCV' refers to CV (Cyclic Voltammetry) analysis. Therefore, you should define the
necessary hyperparameters for CV in the function, such as the number of cycles, scan rate, current value, and
impedance value. This allows data processing using the predefined hyperparameters.

More detailed information of defining analysis script, please refer https://github.com/KIST-
CSRC/Octopus/blob/main/Analysis/Module/UVVisModule.py.
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