
2019 Autonomy Field Exam Core: Principles of Autonomy 
 

This problem exercises your understanding of how to reformulate Linear Programs. You’ve been 
given access to a highly experimental black box linear program solver that in practice 
monstrously outperforms everything else on the market (think 100x faster across a standard set 
of benchmark problems). A downside is that the black box solver only accepts inputs of the 
standard form:  

 
minimize 𝑐"𝑥, subject to 𝐴𝑥 ≤ 𝑏 and 𝑥 ≥ 0,  
where 𝑐, 𝑥 are 𝑛 × 1 vectors, 𝑏 is an 𝑚 × 1 vector, and 𝐴 is an 𝑚 × 𝑛 matrix 

 
The researchers are willing to add you as a second author on a paper if you generalize their black 
box solver to accept problems that are not in this input form. You’re sure you can do this without 
modifying the underlying algorithm, by instead introducing new variables and by otherwise 
transforming the input problem to the black box input form. 
 
Please show how to transform each problem given below into the input form for the black box 
solver above, such that the solver’s solution can be mapped to a correct answer to the original 
problem. You may skip one of a or b, but you must complete c and d.  In the end you will 
have completed three of the four sub-problems. 
 

a) Convert the following problem to the standard input form accepted by the black box LP 
solver. [Hint: Think how to represent a variable that is either positive or negative, using 
only positive variables.] 

 
minimize 𝑒"𝑦, subject to 𝐶𝑦 ≤ 𝑑 and 𝑦 unrestricted (i.e., positive or negative). 

 
 

b) Show how to solve the following feasibility problem. We are not interested in an optimal 
solution – we just want to know whether a value of 𝑦 exists that solves the problem. 
[Hint: Consider how to formulate a strict inequality using slack variables.] 

 
Does there exist a 𝑦, subject to 𝐶𝑦 < 𝑑, and 𝑦 ≥ 0? [Note the strict inequality!]  

 
 

c) Imagine that the researchers reveal to you that their black box algorithm is based on 
simplex, whereas the current state-of-the-art algorithm is based on a polynomial-time 
interior point method. Consider the sub-problem a) or b) that you completed, and the 
transformation you specified.  For this sub-problem and transformation, how will the 
worst case run time of the researcher’s simplex-based black box solver compare to the 
state-of-the-art interior point method worse, same or better?  Explain why? 
 

d) Finally, write pseudocode that demonstrates how you would build a Mixed-Integer Linear 
Program (MILP) solver, using the above black-box LP solver, given by the researchers. A 
MILP is the same as an LP except some subset of the variables (i.e. 𝑥3, 𝑥4, 𝑥5) are 
constrained to be integer values. [Hint: you will have to perform combinatorial search] 



2019 Autonomy Field Exam: Cognitive Robotics Elective 
 

This problem exercises your understanding of modeling and reasoning with Simple Temporal 
Networks, as well as Constraint Systems more generally.  It has three parts. 
 

a) You are attending a conference to present your research, and on your way you realize that 
you forgot to bring your poster. You ask your lab mate to kindly deliver your poster to 
you, and you ask him to make sure he delivers the poster in time for the conference start.  
It is 8 am now. Depending on how fast you walk, you can get to the conference in 25 to 
30 minutes, where you can pick up the poster. The conference starts at 9:00 am. You 
need to have your poster 10 minutes before the conference starts. Your lab mate will 
leave in a taxi sometime after 8 am, and it will take the taxi 10 minutes to arrive at the 
conference, where he will give you the poster. He does not want to wait for you for more 
than 10 minutes at the conference. 

 
i. Assume all events are controllable.  Please model the problem using a simple 

temporal network (STN). Will you be able to find a consistent schedule? In other 
words, is the network consistent? Please explain your derivation. 

ii. What is the earliest and latest time at which your lab mate can take a taxi from the 
hotel, such that all temporal constraints are met?  Please explain your derivation. 

 
b) You are given an STN that has been compiled to decomposable form, as given below, 

and you are asked to dispatch its events online.  What is an order in which the events A-D 
can be dispatched?  Please dispatch each event by assigning an execution time, while 
updating the temporal network after each dispatch. (Hint: You cannot assign an event that 
goes back in time.) 

 

 
 
 
 
 
 
 
 
 



c) You are given a simple temporal network containing a sub-network corresponding to 
three activities - 𝐴𝐵, 𝐶𝐷, 𝐸𝐹: 

 

 
 

We formulate this network as a Constraint Satisfaction Problem (CSP) with 8 continuous 
variables (events) whose domain is the 𝑅𝑒𝑎𝑙𝑠, and 9 simple temporal constraint: 

 
	𝑠𝑡𝑐(𝐴, 𝐵, 25, 30) 
𝑠𝑡𝑐(𝐶, 𝐷, 25, 30) 
𝑠𝑡𝑐(𝐸, 𝐹, 25, 30) 
𝑠𝑡𝑐(𝑆, 𝐴, 0, 𝑖𝑛𝑓) 
𝑠𝑡𝑐(𝑆, 𝐶, 0, 𝑖𝑛𝑓) 
𝑠𝑡𝑐(𝑆, 𝐸, 0, 𝑖𝑛𝑓) 
𝑠𝑡𝑐(𝐵, 𝑇, 0, 𝑖𝑛𝑓) 
𝑠𝑡𝑐(𝐷, 𝑇, 0, 𝑖𝑛𝑓) 
𝑠𝑡𝑐(𝐹, 𝑇, 0, 𝑖𝑛𝑓) 

 
where each 𝑠𝑡𝑐(𝑎, 𝑏, 𝑙𝑏, 𝑢𝑏) expresses the following linear inequality:  

𝑙𝑏 ≤ 𝑏 − 𝑎 ≤ 𝑢𝑏. 
 
Only consider the sub-network as shown above. You are told that the three activities cannot 
happen concurrently, and therefore you want to order them (for example, 𝐴𝐵 happens before 𝐶𝐷 
and 𝐶𝐷 before 𝐸𝐹).  Augment your CSP to make sure it finds a solution that orders the activities. 
Your CSP should not force a particular order. Feel free to introduce extra variables and 
constraints, and feel free to use logical operators (such as ∧,∨,⇒) to help express these 
constraints 
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