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1. Introduction



Visual programming language
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• Visual block programming language can let users make programs by manipulating program 
elements graphically rather than by specifying them textually

• End-users who are not expert programmers can program more easily

• There are many kinds of visual block languages such as Scratch and BlocklyDuino
• Scratch is a block-based visual programming language for education
• BlocklyDuino is a web-based visual programming editor for Arduino

• However, visual block programming language for IoT platform has not been studied very much.

�  We proposed Smart Block, a visual block language designed for IoT applications, particularly 
targeting the SmartThings platform.

- Na-Yeon Bak, Byeong-Mo Chang, Kwanghoon Choi, Smart Block: A Visual Block Language and its Programming Environment 
for IoT, Journal of Computer Languages, Vol.60, 100999, October 2020.

-Byeong-Mo Chang, Kyung-Min Lee, Ga-Young Koh, Kwanghoon Choi, SmartProvenance: User-friendly Provenance System for 
IoT Applications Based on Event Flow Graphs, IET Software, Vol.16, No. 6, pp. 576-602, December 2022. 



SmartThings
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•  

Fig. Structure of SmartThings



SmartApp Example in Groovy
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• When the lock gets unlocked, if a user is present at home, then turn the light on and play music

Definition

Preferences

Predefined Callbacks

Event Handlers



Smart Block

• End-users can have difficulty in writing SmartApp in Groovy code textually.

• Smart Block which is a visual block language can help end-users develop SmartApp easily by 
connecting visual blocks instead of writing text code.

� End-users can develop SmartApp easily in Smart Block, even though they are not expert 
programmers.
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2. Visual Block Language: Smart Block 



SmartApp with Smart Block
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• Smart Block based on ECA rules in IoTA calculus

Event 
Condition
Action

when the lock gets unlocked from locked 
if a user is present
then turn the light on and play music

• SmartApp

Event  

Condition

Action

- ECA rules can specify which action is triggered by event, if the given condition is satisfied.

- Visual blocks  are designed to support ECA rules.



IoTA calculus

9

•  

Event 
Condition
Action

when the lock gets unlocked from locked, 
if a user is present, 
then turn the light on and play music.

Julie L. Newcomb, Satish Chandra, Jean-Baptiste Jeannin, Cole Schlesinger, and Manu Sridharan. 2017. 
IOTA: a calculus for internet of things automation. In Proceedings of the 2017 ACM SIGPLAN International 
Symposium on New Ideas, New Paradigms, and Reflections on Programming and Software (Onward! 2017). 
ACM, New York, NY, USA, 119‒133. 



• We show how to develop a SmartApp with Smart Block

Demo
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when the locked door gets unlocked
if the user is present at home
then turn on the light and play music 
� Frist ECA Rule

when the locked door gets unlocked
if the user is not present at home
then ring alarm and send the push message
� Second ECA Rule
 



Demo
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Smart device
table

Workspac
e

Toolbo
x



Visual programming environment for Smart Block
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• Users can create SmartApps in this environment by dragging blocks from the toolbox and 
dropping blocks in the workspace.

• Users can choose smart devices at the smart device table. 
▪ Smart devices are classified as the alphabetical order.
▪ Users can collect smart devices which are used often in ‘THINGS’ category.

• Also, SmartApp is compiled in this environment .

Smart device
table

Workspac
e

Toolbo
x



ECA block, EA block
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• ECA block
• ECA block represents one rule.
• It should be connected with event block, condition block and action block.

• .

• EA block
• EA block is an ECA block whose condition is always true.



• Stands for the event from a device
• Example

1. This event block means an event of unlocked from locked on the lock1 device.

2. This event block means the timer event which occurs at 8:00 am on a weekday.

3. This event block stands for the method call in the installed method.

Event block
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• Checks whether the value of a boolean algebra over a state on devices and a value of variables is 
true or not.

• If the result is true, the action will be performed.
• Example

1. This condition block checks whether a current value of the presenceSensor1 is present.

2. This condition block checks whether the temperature1 rises above 22 degrees.

3. This block checks if the motionSensor1 was activated more than once during the last 3 minutes. 

Condition block
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• Stands for the action performance
• Action blocks can be linked together in a line as below, which will be performed in sequence.
• Example

1. This action blocks means turning on a light1 device and playing music on music player1.

2. This action block mean sending a push message which is “The unexpected guest!”.

3. This action blocks mean defining a state variable and setting a new value to the state variable. 

Action block

16



• Condition blocks (93)
• 69 Condition blocks for device event
• 4 Condition blocks for Boolean algebra 
• 3 Condition blocks for counting
• 6 Condition blocks for expressing
• Condition block for function call
• 8 Condition blocks for SmartThings API
• 2 Condition blocks for grouping

• Action blocks (71)
• 46 Action blocks for commanding device
• Action block for listing
• 4 Action blocks for sending a message
• 3 Action blocks for expressing
• Action block for function call
• 9 Action blocks for SmartThings API
• 6 Action blocks for timer
• Action block for grouping

All building Blocks in Smart Block (245)
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• ECA blocks (2)
• ECA block
• EA block

• Event blocks (79)
• 69 Event blocks for device event
• 4 Event blocks for scheduling
• Event block for timer
• Event block for location
• Event block for app touch
• Event block for installation
• Event block for updating
• Event block for grouping



Compiling SmartApp Visual Blocks into a Groovy Text Code
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Compiling Process
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• Overview of Compiling process

• Reliable Groovy SmartApp code is generated from the assembled visual blocks
• We take a three-pass approach.

▪  AST Constructor : Constructing AST from the assembled visual ECA blocks.
▪  AST Verifier : Checking the error of redundancy, inconsistency, and circularity.
▪  Code Generator : Generating a Groovy-based SmartApp code from the AST.



Implementation of Smart Block Using Blockly

• Custom blocks for Smart Block are designed and implemented by using Blockly Developer Tools
▪ Definition code

• Visual programming environment is built on top of HTML, JavaScript, and CSS
▪ Definition code for Custom block
▪ Toolbox XML code
▪ Workspace JavaScript code

• Compiler is implemented based on the default Blockly Code Generator
▪ AST constructor
▪ Verification
▪ Code generator

20
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Visual Programming Environment

• Visual programming environment is built on top of HTML, JavaScript, and CSS.
• Also, it is implemented with custom blocks, toolbox and workspace.
• Blockly Developer Tools provides the XML code for toolbox and the JavaScript for workspace.

Workspac
e
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Compiler: Abstract Syntax Tree(AST) of ECA blocks

• Workspace is the root node of the AST for ECA blocks.
• AST of ECA block is a child node of workspace node.
• The AST of ECA block is made up of nodes for Event, Condition and Action.

• AST constructor, which extends the default Code Generator, generates the AST of each ECA 
block, and returns the AST of the ECA blocks.
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Complier : Verification

• Smart Block ensures the reliability of the generated SmartApp through static verification.
• We conservatively assume the condition of the AST is always true.
• Complier examines the AST of SmartApp by checking errors which is 

1. Redundancy
2. Inconsistency
3. Circularity



Redundancy error 

• If multiple ECA rules are triggered by the same event and perform the same actions, it is 
considered a redundancy error.

• SmartApp represented as Smart Block

• Redundancy error message
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Inconsistency error

• If multiple ECA rules are triggered by the same event but their actions conflict with each other, it is 
considered an inconsistency error.

• SmartApp represented as Smart Block

• Inconsistency error message
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Circularity error

• If a rule flow triggers itself again, it is considered a circularity error.
� it is a circularity error

• SmartApp represented as Smart Block

• Circularity error message
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• Once verification is complete with no errors, Groovy code is generated from the visual blocks.
• Our new code generator produces the actual SmartApp code by traversing the AST of the ECA blocks 

after verification.

Complier : Code Generator
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• We conducted an experiment to reimplement 56 SmartApps—whose source code is publicly available 
on SmartThings GitHub projects—using Smart Block.

�  Experiment result: 54 SmartApps were reimplemented using Smart Block

• These 2 SmartApp utilize a device handler which is the virtual representation of a smart device. 

Experiment
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2 
SmartApps

54 
SmartApps



• The distribution of SmartApps by the number of ECA blocks

• We noticed 33 SmartApps out of 54 can be generated by one or two ECA blocks 

Experiment
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• Average LOC (lines of generated Groovy code) per number of ECA blocks

• The average LOC for SmartApps developed by one or two ECA block is 40.7.  

Experiment
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