[bookmark: _Toc531816521]Appendices
A. Perfect Information Model
.   	
1. Partial Derivatives
,. 
2. Concavity Proof
Second derivatives:
.
 .
Second derivatives are always negative which shows the problem is concave with respect to the first stage decision variables.

3. KKT Conditions 
1. ,
2. ,
3. ,
4. ,
5. 1, 2, k,   0.
KKT conditions are same for all the special cases (with appropriate definition of the partial derivatives).

4. Analysis of KKT Conditions 

Case 1: 
Optimality conditions in this case suggests .  This case is not possible. 

Case 2: 
This case implies , and .  
The second KKT condition then implies . 
[bookmark: _Hlk45713654]The first KKT condition implies and . 

Case 3: 
This case suggests , and .  
The first KKT condition then becomes . 
The second KKT condition can then be stated. 
Case 4: 
The first and the second KKT condition for this problem becomes

, 	
.	



5.  Propositions and Corollaries

Proposition 1.  Proof follows the analysis of the KKT conditions.

[bookmark: _Hlk45622860]Corollary 1. We can write the critical ratio for the backup as, i.e., . This proves the result.

Corollary 2. Proof follows the analysis of the KKT conditions below:

Case 1: 
Optimality conditions in this case suggests .  This case is not possible. 

Case 2: 
This case implies , and .  
The second KKT condition then implies . 
The first KKT condition implies and this is not possible.

Case 3: 
This case suggests , and .  
The first KKT condition then becomes . 
The second KKT condition can then be stated. 
Case 4: 
The first and the second KKT condition for this problem becomes
, 	
.	






























B. Perfect Disruption Information Model

 .     
1. Partial Derivatives
  
  
We examine the first derivative of the function with respect to  and  at the breakpoints. 
When,  and when  , . Therefore, we can conclude that  is continuously differentiable.
2. Concavity Proof
Second derivatives:
 

    

Second derivatives are non-positive in the first stage decision variables.

3. Analysis of KKT Conditions 

Case 1: 
Optimality conditions in this case suggests .  As , this case is not possible. 

Case 2: 

This case suggests , and .  

a. [bookmark: _Hlk45647754]:.  Since , this case is only possible when .  The first KKT condition forces .
b. :.  Since , this case only possible when .  
The first KKT condition also forces  .  Combining these conditions, we have .

Case 3: 
This case suggests , and .  
The first KKT condition then becomes . 
The second KKT condition becomes 
i. : This case is only possible when  (as ).  The second KKT condition also forces .  
ii. : This is only possible when . The second KKT condition also forces.
Case 4: 
We consider three cases
i. : The first condition indicates .  This case can only be possible if . The second condition implies: .  
ii. : This case is only possible when . .   can be within the interval.  
iii. 
iv.  : This case can only be possible if .  The first condition suggests .    The second condition implies .  

4.  Propositions and Corollaries

Proposition 2: If a primary supplier disruption occurs (), the optimal number of units obtained from the option contract is as  is an upper limit on the order quantity at this stage.  If there is no disruption, the optimal number of executed units is where .  Since, , at most units are executed in both cases.
Proposition 3: Proof follows the analysis of the KKT conditions.
Corollary 3: Proof follows the analysis of the KKT conditions below:
  
 

Case 1: 
The first optimality conditions in this case suggests .  As , this case is not possible. 

Case 2: 

This case suggests , and .  

This case suggests , and .  

i. :.   implies . This case is not possible.
ii. :.   implies .  This is possible.  The first KKT condition also forces .  This is not possible.
  
Case 3: 
This case suggests , and .  
The first KKT condition then becomes . 
The second KKT condition becomes 
i. : This case is only possible when  (as ).  The second KKT condition also forces .  
ii. : This is only possible when . The second KKT condition also forces.
Case 4: 
[bookmark: _Hlk45721949]We consider three cases
i. : The first condition indicates .  This case can only be possible if . The second condition implies: .  
ii. : This case is only possible when . .   can be within the interval.  
iii. 
iv.  : This case can only be possible if .  The first condition suggests .    The second condition implies .  

















C. Worthless Information Model


.   	
1. Partial Derivatives
,. 
2. Concavity Proof

Second derivatives:
 
     

Second derivatives are non-positive in the first stage decision variables.


3. Analysis of KKT Conditions 

Case 1: 

The first optimality condition in this case suggests .  As , this case is not possible. 

Case 2: 
[bookmark: _Hlk45723721]
This case suggests , and .  The second KKT condition then implies

  . The first KKT condition ensures that .

Case 3: 
[bookmark: _Hlk45723859]This case suggests , and .  The first KKT condition then becomes . The second KKT condition can then be stated. 

Case 4: 
The first and the second KKT condition for this problem becomes

[bookmark: _Hlk45651770], 	 
. 
4. Propositions and Corollaries

Proposition 4: Proof follows the analysis of the KKT conditions.
Corollary 4: Proof follows the analysis of the KKT conditions below:
,. 
Case 1: 

The first optimality condition in this case suggests .  As , this case is not possible. 

Case 2: 

This case suggests , and .  The second KKT condition then implies

  . The first KKT condition requires . This is not possible. 
Case 3: 
This case suggests , and .  The first KKT condition then becomes . The second KKT condition can then be stated. 

Case 4: 
The first and the second KKT condition for this problem becomes

, 	 
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Second derivatives:
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Second derivatives are always negative which shows the problem is concave 


with respect to


 


the first stage decision 


variables
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KKT conditions are same for all the 


special cases (with appropriate definition of the partial derivatives).
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The second KKT condition then implies 


??


?


??


?


=


1


-


h


?


??


??


??


1


+


?


1


-


??


?


??


??


0


?


-


??


. 


 


The first 


KKT 


condition implies


 


??


>


??


 


and


 


??


>


?


??


??


0


-


??


?


?


h


+


??


-


??


?


?


??


??


1


-


??


??


0


?


(


??


-


??


)


.


 


 


 


Case 3: 


??


??


>


??


;


??


=


??


 


This case suggests 


??


?


??


??


?


=


??


?


??


??


+


??


?


, 


??


1


=


0


 


and 


??


2


=


0


.  


 


The first KKT condition then becomes 
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The second KKT condition can then be stated
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