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I. Program: 

REU 1: Computation-enabled Investigations into Neural Circuits 
 
Schedule 
Week 1: Tutorials 
Morning session: 9-12 
Afternoon session: 1:30-5-ish 
Both: 1 hr lecture, 1 hr time to work on assignment, 30 mins discussion, 30 mins buffer 
 
Unless specified otherwise: all events take place in 120 Clements Hall 

Date/time Presenter Topic 
Monday (June 21)   
9am-9:45am  Intros, COVID briefing, other administrative 
 10am-12pm Barreiro/Hedrick Intro to research/computational neuroscience  
 1:30-3:30pm Pfeiffer Place cell encoding 
4-5 pm (or later?) Walton Matlab tutorial 
Tuesday   
 9am-12pm Barreiro Data analysis of spikes, Poisson process 
 1:30-5pm Hedrick Rate models, attractor networks 
Wednesday   
 9am-12pm Barreiro Basic statistics: hypothesis tests, P-P plots 
 1:30-5 pm Hedrick Place cell sequences: theta sequences and replay 
Thursday   
 9am-12 pm Barreiro Cell assembly detection algorithm, previous results 
 1:30pm-5pm 
 

Hedrick/Hetzel Synaptic plasticity and STDP 

Friday   
 9am-12pm Barreiro Discussion of possible project: Adapting the CAD 

algorithm for place cell sequences 
 1:30-5pm Hedrick Discussion of possible project: adapting network 

model to generate reverse replay events 
 

  



Week 2: Research Project 
Date/time Presenter Topic 
Monday (June 28)   
10am-12pm  TAs available 
2:30-3:30 pm  Advisor meeting; Group 1 (Finalize paper) 
3:30-4:30 pm  Advisor meeting; Group 2 (Finalize paper) 
Tuesday   
 10am-12pm  TAs available 
2:00pm  Pfeiffer Lab Tour (UTSW) 
3:00-4:00pm  Advisor meeting: Group 1 
4:00-5:00pm  Advisor meeting: Group 2 
Wednesday   
 10am-12pm  TAs available 
 2:00-3:0pm  Advisor meeting: Group 1 
3:00-4:00pm  Advisor meeting: Group 2 
4-5pm Office of 

Engaged 
Learning 

Ways of Presenting: Papers, Presentations, and Elevator 
Pitches (Harold Clark Simmons Hall, 217) 

Thursday   
 10am-12 pm  TAs available 
 2:30-3:30pm  Advisor meeting: Group 1 
3:30-4:30pm  Advisor meeting: Group 2 
Friday   
 9am-12pm Students Group Presentations 

 
 
 

REU 2: Dynamics of complex systems 
 
Schedule 
Week 2: Tutorials 
Morning session: 9-12 
Afternoon session: 1:30-5-ish 
Both: 1 hr lecture, 1 hr time to work on assignment, 30 mins discussion, 30 mins buffer 
 
Unless specified otherwise: all events take place in 120 Clements Hall 

Date/time Presenter Topic 
Tuesday  (July 6)   
9am-9:45am  Intros, COVID briefing, other administrative 
 10am-12pm Tran/Aceves Intro to research topics 
 1:30-3:00pm Aceves Modeling in photonics 
4-5 pm  Evans (student) Matlab tutorial 
Wednesday   



 9am-12pm Tran Simulation of waves on a string 
 1:45-5pm Aceves Dynamics of coupled oscillators. The Kuramoto 

model.  
Thursday   
 9am-12pm Tran Formulating a recursive algorithm 
 1:30-5 pm Aceves/Parker Power grid model/FPU models I 
Friday   
 9am-12 pm Tran Implementation 
 1:30pm-5pm 
 

Parker FPU models II 

   
WEEK 2 Research projects  
   
Date/time Presenter Topic 
Monday (July 12)   
9am-9:30AM REU students Research proposals 
9:30-10:30AM REU team Research proposals 
10:30AM – noon Tran meeting Fluids 
2:00-3:00 pm  Meet of research teams 
3:30-4:00 pm  Summary of progress 
4:00-5:30 pm Dr. Gowri 

Srinivasan Deputy 
Director, Physics 
Division LANL.  
Mr. Jonathan 
Lindbloom SMU 
Math major. 

Internship opportunities at the Los Alamos 
National Laboratory 

Tuesday (July 13)   
 9am-10am  Tran meeting  
10am-noon Research TA support (Tyler, Sabrina) 
2:00pm – 3PM Research Working groups 
3:30-4:00pm Research Summary of work progress 
4:00-5:00pm Research Meeting with REU team 
Wednesday (July 
14) 

  

 9am-10am  Tran meeting 
10am-noon Research TA support 
 2:00-3:0pm Research Working groups 
3:00-4:00pm Research Meeting with REU team 
4-5pm Dr. Ken 

Yamamoto 
Patterns and geometry in nature: From flowers, 
sea slugs, to robots 

Thursday (July 
15) 

  



 10am-12 pm Research TAs available 
 2:00-3:300pm Research Advisor meeting: Group 1 
 4:00-5:00pm Research Working with REU ream 
Friday (July 16)   
 9am-12pm Students Group Presentations 

 

       
 

 
 
 
 
 
 
 



II. Sample Lecture (from session 1) 

















 
 
 
 
 
 
 
 
 



III. Sample other activities: Presentation of Internship opportunities at the Los 
Alamos National Laboratory 

 
 

 
 
 
 
 
 
 
 
 
 
 



 
 
 
IV. Sample of student’s presentation (Aurod Ounsinegad, Humberto Gutierrez) 
 

REU 2 – Kuramoto Model with Forced Sinusoidal Coupling Project Report 

 Throughout the duration of the first week of this REU we were taught about the Yoshiki 

Kuramoto Model and how it relates and speaks about the concept of coupled and infinite 

oscillators. Along with this we were taught about the intricacies of the wave and heat equations 

and how to implement those very same intricacies into MATLAB code in order to get the full 

scope of how the heat and wave equations work in our day to day lives. As you can tell the first 

week of the SMU REU, Dynamics in Complex Systems, was very lecture heavy; however, the 

countless hours of lecture within the first week of the REU were what led us students into our 

topic choices for the research portion of the REU.  

 

This brings me to the second week of the REU, this is where us students chose our 

research topics and worked throughout the week to refine our results enough to give a 30-minute 

presentation by the end of the week. The research topic that my group ended up choosing to 

work on for the duration of the second week of the REU has to do with forced sinusoidal 

coupling within the Kuramoto model. Our choice of this topic was influenced by Childs and 

Strogatz 2008 paper, Stability diagram for the forced Kuramoto model, where they summarized 

and dived deep into the inner workings of the Kuramoto forced model. When looking into this 

article we decided that it would be interesting to look into how the forced external drive affected 

the sinusoidal coupling of the system of oscillators. 

 

When approaching this topic, we decided it would be best if we first looked over the 

Childs and Strogatz 2008 paper to determine which equations needed to be used as well as 

understand how those equations were found and/or derived. The equation that we used, and the 

equations that led up to its formation were: 



𝑑𝑑𝜗𝜗𝑖𝑖
𝑑𝑑𝑑𝑑

 = ωi + 𝐾𝐾
𝑁𝑁
∑ 𝑠𝑠𝑠𝑠𝑠𝑠�𝜗𝜗𝑗𝑗 −  𝜗𝜗𝑖𝑖�𝑁𝑁
𝑗𝑗=1  + F sin (σt - 𝜗𝜗𝑖𝑖) 

θi = 𝜗𝜗𝑖𝑖 – σt 
𝑑𝑑𝜃𝜃𝑖𝑖
𝑑𝑑𝑑𝑑

 = (ωi – σ) + 𝐾𝐾
𝑁𝑁
∑ 𝑠𝑠𝑠𝑠𝑠𝑠�𝜃𝜃𝑗𝑗 −  𝜃𝜃𝑖𝑖�𝑁𝑁
𝑗𝑗=1  - F sin (𝜃𝜃𝑖𝑖)  

 Once we decided on the equations that we were going to use, we were given permission 

by Dr. Ross Parker to use the MATLAB Script that he had created towards our research topic. 

From here we began modifying the equations within the code so we could play around with the 

new parameters that we created in order to see how the system would react. This is where we 

would begin our week-long journey to refine the results tour model would give us. 

 

 After playing around and refining our parameters we began getting results that we 

expected to see when we started our research at the start of the week. We created a graph that 

would show us the order of the 

oscillators, a value between 0 and 1, at 

each step within the system. This 

graph, along with the force vector we 

created that would gradually change 

force in the system, gave us the 

simulations that we were looking for at 

the start of the week. We were aiming 

to see what the parameter values were 

at when synchrony was met within the 

simulations as seen in this report. 



 

However, synchrony was not 

always met, some simulations that 

were obtained gave temporary 

synchrony, others never reached 

synchrony but always came very 

close. Although this is the case, we 

noticed a lot of correlations with 

the simulations that we obtained. 

We realized the clear ratio between 

the coupling parameter (K) and 

force strength (E) and how if K were increased high enough the ratio was thrown out as the value 

for K would overpower the system into synchrony. It was also found that when the value of the 

force strength was increased to 5 or 6, as seen in the simulations above and below, the order 

would either reach synchrony or drop out of a state of synchrony into a state of desynchrony. 

 

 As the week comes to an 

end, we believe that we have 

accomplished what we had hoped 

for and even more, although there 

were many ups and down this past 

week, we are proud of the results 

we obtained. However, we realize 

that with more time, our results 

could most definitely be refined, 

errors resolved, and new ideas can 

be formed. In specific, we found 

numerical error within our model having to do with our step size on the day before we gave our 

presentation; therefore, we had little to no time to correct this numerical error. But with more 

time we believe we could delve deeper into the roots of this numerical error and fix it, with this 



error fixed and patched we believe that we could look further into varying parameters such as our 

strength frequency in the same way we varied our force strength. All in all, we are proud of the 

results that we got from our model and hope that in the future we can refine our results and 

numerical errors so we can obtain more information on the dynamics of synchrony within our 

system!  

 


