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A sample model



  

Metamodel definition
<MetaModel>

  

  <Class name="ESpace">

    <Property name="Name" type="Text" />

    <Child name="Actions" type="Action" />

  </Class>

    

  <Class name="Action">

    <Property name="Name" type="Text" />

    <Child name="InputParameters" type="InputParameter" />

    <Child name="Nodes" type="ActionNode" />

  </Class>

  <Class name="InputParameter">

    <Property name="Name" type="Text" />

    <Property name="Type" type="Type" />

    <Property name="IsMandatory" type="Bool" />

  </Class>

  …



  

Metamodel definition
  …
  <Class name="ActionNode">

    <Property name="Target" type ="ActionNode" />

  </Class>

  <Class name="Start" base="ActionNode" />

  <Class name="End" base="ActionNode" />

  <Class name="Execute" base="ActionNode">

    <Property name="Action" type="Action" />

    <Child name="Arguments" type="Argument" />

  </Class>

      

  <Class name="Argument">

    <Property name="Parameter" type="InputParameter" />

    <Property name="Value" type="Expression" />

  </Class>

</MetaModel>



  

Generated classes
partial class ESpace : ModelObject {

  public string Name { get; set; }

  public List<Action> Actions { get; };

}

partial class Action : ModelObject {

  public string Name { get; set; }

  public List<InputParameter> InputParameters { get; };

  public List<ActionNode> Nodes { get; };

}

partial class InputParameter : ModelObject {

  public string Name { get; set; }

  public Type Type { get; set; }

  public bool IsMandatory { get; set; }

}

partial class ActionNode : ModelObject {

  public ActionNode Target { get; set; }

}

…
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Consistency check

A valid expression must be set 
for parameter ‘EmailAddress’.

For a : Argument
If a.Parameter.IsMandatory
Then a.Value must be set



  

Consistency check For a : Argument
If a.Parameter.IsMandatory
Then a.Value must be set



  

Incremental consistency check



  

Incremental consistency check

If we know the objects whose consistency check depends 
on InputParameter.IsMandatory

then when InputParameter.IsMandatory changes we 
only need to re-check those objects

Intuitively, those are objects that refer to the input 
parameter: its “referers” (or back-references)

TrueChange relies on:
• “Verify” caches
• Automatically kept back-references
• Information about consistency check dependencies



Verify Caches



  

Verify cache base code

enum VerifyMessageKind { Warning, Error }

class VerifyMessage { public VerifyMessageKind Kind; public string Text; }

partial class ModelObject {

  VerifyMessage[] verifyMessages;

  protected bool isVerified = false;

  public IEnumerable<VerifyMessage> Verify() {

    if (!isVerified) {

      verifyMessages = CalculateVerifyMessages().ToArray();

      isVerified = true;

    }

    return verifyMessages;

  }

  protected virtual IEnumerable<VerifyMessage> CalculateVerifyMessages() {

    yield break;

  }

}



  

Verify cache invalidation code (generated)

partial class InputParameter : ModelObject {
  private string _name;

  public string Name {
    get => _name;
    set {
      if (_name != value) {
        _name = value;
        isVerified = false;
      }
    }
  }
}



  

Verify rules (hand-coded)

partial class Argument {

  protected override IEnumerable<VerifyMessage> CalculateVerifyMessages() {

    foreach (var msg in base.CalculateVerifyMessages()) {

      yield return msg;

    }

    if (Parameter.IsMandatory && Value == null){

      yield return new VerifyMessage() {

        Kind = VerifyMessageKind.Error,

        Text = $"A valid expression must be set for parameter '{Parameter.Name}'."

      };

    }

}
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Back-references base code

partial class ModelObject {

  List<ModelObject> referers = new List<ModelObject>();

  // called when a property is being changed from "oldValue" to "newValue"

  protected void UpdateReferers(ModelObject oldValue, ModelObject newValue) {

    if (oldValue != null) {

      oldValue.referers.Remove(this);

    }

    if (newValue != null) {

      newValue.referers.Add(this);

    }

  }

  protected void InvalidateReferers() {

    foreach (var obj in referers) {

      obj.isVerified = false;

    }

  }

}



  

Back-references tracking code (generated)

partial class Argument : ModelObject {

  private InputParameter _parameter;

  public InputParameter Parameter {

    get => _parameter;

    set {

      if (_parameter != value) {

        UpdateReferers(_parameter, value);

        _parameter = value;

        isVerified = false;

      }

    }

  }

}



  

Back-references <Referers>

  <Object id="4" referers="Execute:8" />

  <Object id="5" referers="Argument:10" />

  <Object id="8" referers="Start:7" />

  <Object id="9" referers="Execute:8" />

</Referers>
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Verify dependencies - metamodel
  …
  <Class name="ActionNode">

    <Property name="Target" type ="ActionNode" />

  </Class>

  <Class name="Start" base="ActionNode" />

  <Class name="End" base="ActionNode" />

  <Class name="Execute" base="ActionNode">

    <Property name="Action" type="Action" />

    <Child name="Arguments" type="Argument" />

  </Class>

      

  <Class name="Argument" verifyDependencies="Parameter.IsMandatory">

    <Property name="Parameter" type="InputParameter" />

    <Property name="Value" type="Expression" isOptional="true" />

  </Class>

</MetaModel>



  

Verify dependencies - generated concrete classes

partial class InputParameter : ModelObject {
  private bool _isMandatory;
  public bool IsMandatory {
    get => _isMandatory;
    set {
      if (_isMandatory != value) {
        InvalidateReferers();
        _isMandatory = value;
        isVerified = false;
      }
    }
  }
}



Evaluation



  

Time

Model Number 
of 

elements

Full 
check 

time (ms)

Incremental check

Change kind Time 
(ms)

% of full 
check 
time

Model #1 259759 11468 Add input parameter to screen 70 0.6%

Change input parameter type 148 1.3%

Change input parameter to mandatory 54 0.5%

...

ServiceCenter 278187 26388 Add attribute to entity 215 0.8%

Change attribute type 388 1.5%

Add input parameter to action 91 0.3%

Change input parameter type 77 0.3%

Change input parameter to mandatory 62 0.2%

Average 94 0.8%



  

Space

Model Compressed model 
size (MB)

Compressed referers 
size (MB)

Referers size / model 
size

Model #1 12.0 4.2 35%

Model #2 7.4 2.8 37%

Model #3 8.3 3.0 36%

Model #4 7.3 2.7 37%

Service Center 16.4 4.5 28%

Average 35%
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Conclusion

Back-references
• Simple technique
• Easy to implement via a code generator
• Not limited to accelerating consistency checking!

Verify dependencies
• The Achilles heel of our approach...
• Not very expressive
• Easy for developers to forget to declare them
• We’ll take a look into alternatives (OCL, Alloy, …)



Thank You!
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