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UCLA 2012 Commencement1: Executive Summary 

So Young Kim 

I. Introduction 

UCLA hosts over 60 degree-conferring ceremonies, receptions, and celebrations throughout the campus on June 
15 (Fri), June 16 (Sat), and June 17 (Sun), 2012 (http://commencement.ucla.edu/). The total attendance at these 
events is estimated to be around 90,000 guests. The Priceline.com hotel reservation website lists 345 hotels, 
with room rates ranging from $42 to $475. In addition to the normally heavy LA traffic, accidents, and 
constructions, the simultaneous large number of vehicular movement will result in severe traffic congestion.   

The present project has three main goals. First, the project is to find the most efficient distribution of ceremony 
guests to lodging facilities near UCLA. Second, the project assesses the vulnerability of the network against a 
possible set of disruptions, by examining whether the network remains operational under certain interdiction 
scenarios, such as road closures and delays. Third, the project aims to examine an interrelationship between the 
Shortest Path Flow and the Min-Cost Flow models.  

II. Mathematical Modeling2 

The mathematical models adopted in the current project are (a) Shortest Path Flow, and (b) Min-Cost Flow. The 
Shortest Path Flow model is to find the path starting at S and ending at T, at the minimum cost. The Min-Cost 
Flow model is to find a set of supply nodes, passing through the arcs to a set of demand nodes without violating 
the capacity of the arcs, at the minimum cost. Both flow models compute the primal LP of the min cost. The 
network interdiction is “to assess the vulnerability of network to various types of failures” and thus is “well 
suited to address problems arising in [such] contexts” (J. Smith, 2012). Mathematically, interdiction maximizes 
the min cost flow, which converts the LP of the min cost into dual MIPs.  
 

III. Network System 
3.1. Network  

The network system of the present project consists of 80 nodes and 182 arcs. Nodes include hotels and 
intersections on the roads of the flow. Each hotel node is connected to one super source, Start. UCLA serves as 
the destination of the network. Arcs present channels of flow connecting two nodes. 

 
3.1.1. Shortest Path Flow Model 

Each arc between non-super nodes carries “driving time,” which is calculated using distance weighted by MPH. 
The MPH comes from the Google traffic map as of Friday 17:00, where Friday 17:00 represents the busiest 
traffic time. Arcs connected to the super node, Start, carry the zero unit value. Measurement of effectiveness for 
this model is the driving time in minutes of the shortest path from a hotel to UCLA.3  
 

3.1.2. Min-Cost Flow model  
Each node carries Supply and Demand, which indicates the total number of rooms needed. The negative total 
number of rooms is associated with the Start node, whereas the positive total number of rooms is associated 
with UCLA as the destination node. Each arc between Start and a hotel carries “capacity” and “cost.” “Capacity” 

                                                            
1 I really appreciate Prof. Dimitrov’s advice and peer feedback on the preliminary summary and the presentation. Errors are mine. 
2 This section is heavily based on the OA4202 class materials (Prof. Dimitrov). For detailed explanations and formulas, please refer to 
the OA4202 class materials.  
3 This model finds the shortest path from Start to UCLA, where Start to each hotel has the zero value.  
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refers to the number of rooms of each hotel. “Cost” represents two types, (a) room rate of each hotel, and (b) 
money unit value converted from time.4 Room rate is represented on the arcs between Start and hotels, whereas 
the money unit converted from time is represented on the arcs connecting non-Start nodes. The conversion of 
cost from time is calculated using two conversion vectors 1 and 5, where 5 means 5 times of the unit distance. 
Measure of effectiveness is the combined cost of (a) room rates and (b) converted cost from time.  
 
Figure 1. Network overlay over the real world map and the abstract representation 

   
 

3.2. Assumptions 

To reduce the complication of the model, the present project adopts the following assumptions:  

(a) The network is coarse-grained, consisting of selected hotels and major roads, such as highways, 
freeways, and Wilshire Boulevard.  

(b) The road capacity is fixed. The number of lanes is constant across all roads.  
(c) The network uses the full capacity of hotels.  
(d) All traffic is moving toward UCLA.  
(e) Interdiction assumes fixed impacts of 30-minute delay, 60-minute delay, and road closure, without 

including the length of roads.    
 

IV. Results  
 

4.1. Overall Results on the Shortest Path Flow 
a) The shortest path to UCLA is from the W Los Angeles Hotel. The driving time to UCLA is 12 minutes.  
b) The network stops functioning with 4 attacks. Impact of interdiction varies depending on interdiction 

types. Road closure results in “no path”, whereas 30-minute delay causes 372-minutes driving time from 
the W Los Angeles Hotel to UCLA. See Figure 3. 
 

4.2. Overall Results on the Min-Cost Flow 
a) The Min-Cost Flow identifies hotels which are close to UCLA and which offer inexpensive room rates. 

See Figure 2. The average room rate of the hotels on the Min-Cost Flow is $147.27, whereas the average 
of the 75 hotels on the entire network is $221.39.   

b) The network remains functional with two attacks. See Figure 2.  
c) The network becomes malfunctioned with 3 attacks. Impact of interdiction varies depending on the size 

of supply/demand. The larger the supply/demand, the costlier the interdiction impact is. When the 
supply/demand is small (n = 100), the network malfunction takes place with 4 attacks. See Figure 3. 

                                                            
4 The use of the conversion vector is based on Prof. Dimitrov’s advice. 
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Figure 2. Min‐Cost Flow without Interdiction / with one Attack / with two Attacks 

 

Figure 3. Operator Resilience Curves: Shortest Path Interdiction vs. Min‐Cost Flow Interdiction 

 

4.3. Impact of Time Factor in Min-Cost Flow Interdiction (conversion vectors = 1 vs. 5) 
a) Conversion vectors did not change the network malfunction points. Regardless of whether the 

conversion vector is 1 or 5, the network system stops functioning with 4 attacks and 3 attacks, when n = 
100 and n = 3000, respectively. 

b) Conversion vector does change the order of attacks. The larger the conversion vector, the more likely the 
attack pattern is similar to the one in the shortest path flow. This is because a larger conversion vector 
gives more weight on distance.   

Conclusion and Limitations 

The current project examines the network of the UCLA 2012 Commencement Ceremonies, using the Shortest 
Path Flow and the Min-Cost Flow models. The Min-Cost Flow model selected hotels that are located near 
UCLA and offer inexpensive room rates. The network interdiction model showed that the network requires 
protection from the malfunction of three roads to UCLA. Ceremony guests can be recommended to select hotels 
that are safe from attacks (see Figure 2). Those who value time, that is, those who put higher conversion vectors 
within the framework of this paper, need to select hotels that follow the shortest path flow interdiction plan (see 
Figure 2), given that the more time/distance weighted the more likely the Min-Cost Flow is similar to the 
Shortest Path Flow. The current project has several limitations. The project mainly tended to focus on analyzing 
the patterns of the models and comparing the models. Wide applications of the project to real world should be 
considered, given that the transparent applications can invoke both civilian and military scenarios. In addition, 
the interdiction in this project focused on four roads directly connected to UCLA. The future research needs to 
prohibit attacks on the arcs immediately around UCLA, to identify clear patterns of attacks.5

                                                            
5 This suggestion came from one peer reviewer. 
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