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Goal: Evaluate waste management infrastructure 

Intentions: Wants to be green and satisfy customer 

Options: Build Green Centre   
  Build Landfill / Dump (large, small) 

Approach: Choose correct alternative(s)  
   using goal modeling. 

Motivating Example
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1. Is it possible to satisfy Manage City Waste and 
partially satisfy Enjoy City? and how?  

2. How does building a green centre and not 
building a dump affect the top level goals?

Waste Management Example
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Use Qualitative Evaluation Labels 

with Forward Analysis and 

Backward Analysis
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Waste Management Example
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Is it possible to satisfy Manage City 
Waste and partially satisfy Enjoy 
City? and how?



© Alicia M. Grubb, University of Toronto, 2016.

Waste Management Example

7

Is it possible to satisfy Manage City 
Waste and partially satisfy Enjoy 
City? and how?



© Alicia M. Grubb, University of Toronto, 2016.

Question: Is it possible to satisfy Manage City Waste 
and partially satisfy Enjoy City? and how? 

Answer: Yes, by build a green centre and a small 
dump. 

Waste Management Example
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Waste Management Example
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How does building a green centre 
and not building a dump affect the 
top level goals?
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Question: How does building a green centre and not 
building a dump affect the top level goals? 

Answer: It satisfies (or partially satisfies) the top 
goals, except Reduce Operating Costs. 

Waste Management Example
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3. How do changes in Environmental Concern affect 
the city's root-level goals over time? 

4. Which possible scenarios always satisfy Manage 
City Waste even if Space in Dump becomes 
denied in the future? 

5. Does the order of these developments (Process 
Green Waste  and Use New Dump) matter?

See paper for additional questions…
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3. How do changes in Environmental Concern affect 
the city's root-level goals over time? 

4. Which possible scenarios always satisfy Manage 
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denied in the future? 
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• Understand the impacts of dynamically changing 
intentions on decision making 

• Enrich goal models intentions with dynamically 
changing evaluation

Contributions
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• Motivating Example - City Waste Management 

•  Modeling Dynamic Intentions 

• Analysis Techniques with Dynamic Intentions 

- Simulation 

- CSP and CSP with Constraints 

• Tooling and Validation 

• Conclusion and Future Directions

Outline
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Modeling Dynamic Intentions
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Modeling Dynamic Intentions
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Examples:

Patterns:

Stochastic (R)

T 
F
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Modeling Dynamic Intentions
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Increase (I):

Stochastic (R):

Elementary Functions

Decrease (D):

Constant (C):

or
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Modeling Dynamic Intentions
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tn

Denied-Satisfied (DS)

Examples:

Patterns:
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Modeling Dynamic Intentions
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tn

Denied-Satisfied (DS)

Examples:

Patterns:
Epoch Boundary
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Modeling Dynamic Intentions
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tn

Monotonic Negative (MN)

Examples:

Patterns:
tn
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Denied-Satisfied 
(DS)

the satisfaction evaluation remains Denied  
until ti and then remains Satisfied

Monotonic Negative 
(MN)

changes in satisfaction evaluation become  
“less true” to a maxValue at ti and then  

remains constant at constantValue

Common Compound Functions

20
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Denied-Satisfied 
(DS)

the satisfaction evaluation remains Denied  
until ti and then remains Satisfied

Monotonic Negative 
(MN)

changes in satisfaction evaluation become  
“less true” to a maxValue at ti and then  

remains constant at constantValue

Satisfied-Denied 
(SD)

the satisfaction evaluation remains Satisfied  
until ti and then remains Denied

Denied-Satisfied 
(DS)

the satisfaction evaluation remains Denied  
until ti and then remains Satisfied

Stochastic-Constant 
(RC)

changes in satisfaction evaluation are  
stochastic or random until ti and  

then remains constant at constantValue
Constant-Stochastic 

(CR)
the satisfaction evaluation remains constant  
at constantValue until ti and then changes in 

evaluation are stochastic or random
Monotonic Positive 

(MP)
changes in satisfaction evaluation become 

“more true” to a maxValue at ti and then  
remains constant at constantValue

Monotonic Negative 
(MN)

changes in satisfaction evaluation become  
“less true” to a maxValue at ti and then  

remains constant at constantValue

Common Compound Functions
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Modeling Dynamic Intentions

21

User Defined (UD)

Repeating 
Function
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• Motivating Example - City Waste Management 
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•  Analysis Techniques with Dynamic Intentions 

- Simulation 

- CSP and CSP with Constraints 

• Tooling and Validation 

• Conclusion and Future Directions

Outline
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1. Is it possible to satisfy Manage City Waste and 
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2. How does building a green centre and not 
building a dump affect the top level goals?

Waste Management Example
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3. How do changes in Environmental Concern affect 
the city's root-level goals over time? 

4. Which possible scenarios always satisfy Manage 
City Waste even if Space in Dump becomes 
denied in the future? 

5. Does the order of these developments (Process 
Green Waste  and Use New Dump) matter?
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(Strategy 1) create a random path given initial states 
in the model 

(Strategy 2) create a path given desired properties 
of the intermediate state (with optional properties 
over the initial or final state)  

(Strategy 3) create a path which is different than the 
previously seen path over the same constraints

Strategies

24
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3. How do changes in Environmental Concern affect 
the city's root-level goals over time? 

4. Which possible scenarios always satisfy Manage 
City Waste even if Space in Dump becomes 
denied in the future? 

5. Does the order of these developments (Process 
Green Waste  and Use New Dump) matter?

Strategy 1: create a random path 

given initial states in the model 

- Leaf Simulation -
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R:Stochastic, C:Constant, UD:User Defined            DS:Denied-Satisfied, MN:Monotonic Negative 

Leaf Simulation (Initial States)

26

How do changes in Environmental Concern 
affect the city's root-level goals over time?
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Question: How do changes in Environmental Concern 
affect the city's root-level goals over time? 

Answer: Affects Reduced Operating Cost and Enjoy 
City. Having a GW Education Program mitigates the 
effect of denied environmental concern.

Waste Management Example

27
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3. How do changes in Environmental Concern affect 
the city's root-level goals over time? 

4. Which possible scenarios always satisfy Manage 
City Waste even if Space in Dump becomes 
denied in the future? 
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Strategy 2: create a path given desired properties 

of the intermediate state (with optional properties 

over the initial or final state) 
- CSP Analysis -
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R:Stochastic, C:Constant, UD:User Defined            DS:Denied-Satisfied, MN:Monotonic Negative 

CSP Analysis (Intermediate/Final)
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Which possible scenarios always satisfy 
Manage City Waste even if Space in Dump 
becomes denied in the future?
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Which possible scenarios always satisfy 
Manage City Waste even if Space in Dump 
becomes denied in the future?

MCW_0 = 3
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Which possible scenarios always satisfy 
Manage City Waste even if Space in Dump 
becomes denied in the future?

MCW_0 = 3

SiD_2 >= SiD_3 
If EpochBound <= 3 Then SiD_3 = 0
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Which possible scenarios always satisfy 
Manage City Waste even if Space in Dump 
becomes denied in the future?

SiD_2 >= SiD_3 
If EpochBound <= 3 Then SiD_3 = 0 

EpochBound != 8
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R:Stochastic, C:Constant, UD:User Defined            DS:Denied-Satisfied, MN:Monotonic Negative 

CSP Analysis (Intermediate/Final)
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Which possible scenarios always satisfy 
Manage City Waste even if Space in Dump 
becomes denied in the future?

SiD_2 >= SiD_3 
If EpochBound <= 3 Then SiD_3 = 0 

EpochBound != 8

Strategy 3: create a path which is different than the 

previously seen path over the same constraints 

- CSP History  -
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R:Stochastic, C:Constant, UD:User Defined            DS:Denied-Satisfied, MN:Monotonic Negative 

CSP History (Previous Path) 

31
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Question: Which possible scenarios always satisfy 
Manage City Waste even if Space in Dump becomes 
denied in the future? 

Answer: Build Large Dump must be satisfied prior to 
Space in Dump becoming denied.  

Note: Build Small Dump also suffices (paths not shown).

Waste Management Example

32
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3. How do changes in Environmental Concern affect 
the city's root-level goals over time? 
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City Waste even if Space in Dump becomes 
denied in the future? 

5. Does the order of these developments (Process 
Green Waste  and Use New Dump) matter?
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3. How do changes in Environmental Concern affect 
the city's root-level goals over time? 

4. Which possible scenarios always satisfy Manage 
City Waste even if Space in Dump becomes 
denied in the future? 

5. Does the order of these developments (Process 
Green Waste  and Use New Dump) matter?

Strategy 2: create a path given desired properties 

of the intermediate state (with optional properties 

over the initial or final state) 

- CSP Analysis (with Queries) -
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CSP Analysis (with Queries)

34

Does the order of these developments 
(Process Green Waste and Use New 

Dump) matter?

A: Process 
Green 
Waste 

B: Use New 
Dump

R:Stochastic, C:Constant, UD:User Defined 
DS:Denied-Satisfied, MN:Monotonic Negative 
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Question: Does the order of these developments 
(Process Green Waste and Use New Dump) matter? 

Answer: No, given space in current dump. 

Waste Management Example
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Waste Management Example

36 See paper for additional questions…
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1. Build Green Centre and Build Small Dump is a possible 
scenario.  

2. Building only Green Centre satisfies (or partially satisfies) 
the top goals, except Reduce Operating Costs. 

3. Environmental Concern affects Reduced Operating Cost 
and Enjoy City over time. Having a GW Education 
Program mitigates the effect of denied Environmental 
Concern. 

4. Build Large Dump (or Build Small Dump) must be 
satisfied prior to Space in Dump becoming denied. 

5. Order of Process Green Waste and Use New Dump 
doesn’t matter, given Space in Dump is not denied. 

Waste Management Example

37 See paper for additional answers…
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Goal: Evaluate waste management infrastructure 

Intentions: Wants to be green and satisfy customer 

Options: Build Green Centre   
  Build Landfill / Dump (large, small) 

Solution (Standard): Build Green Centre 

Solution (with Dynamics): Build Small Dump then            
                                          Build Green Centre

Waste Management Review
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• Motivating Example - City Waste Management 

• Modeling Dynamic Intentions 

• Analysis Techniques with Dynamic Intentions 

- Simulation 

- CSP and CSP with Constraints 

•  Tooling and Validation 

• Conclusion and Future Directions

Outline
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Tooling: GrowingLeaf

40

http://www.cs.toronto.edu/∼amgrubb/growing-leaf 
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• City transportation planning 

• Network maintenance  

• Software supply chains 

• Technical debt 

• Compliance  

• Sustainability 

Further case studies are ongoing….

Examples and Case Studies
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• How does the length of the generated path affect 
the computation time in Strategy 1 and 2? 

• How does the number of intentions in a model 
affect the computation time in Strategy 2?  

• How does the number of previous paths used 
affect the computation time in Strategy 3?  

Details in the paper…

Scalability

42



© Alicia M. Grubb, University of Toronto, 2016.

Scalability: Model Size

43

Results of changing the model size for CSP Analysis.
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Summary
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• Evaluate effectiveness 

• External industrial case study 

• Add “wall clock time” to analysis 

• Optimize CSP encoding 

• Formally specify our extension

Future Work

46
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Questions?
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Contributions: 
• Understand the impacts of 

dynamically changing 
intentions on decision making 

• Enrich goal models intentions 
with dynamically changing 
evaluation

Looking into the Crystal Ball: 
Requirements Evolution over Time
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