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1. Introduction 3. Results: Behavioral Performance tocal vs Global Strategies 4. Ongoing Work: TSP in a large Environment

First 2 trials Last 3 trials _ _ _ _ _ _
Environment Size = 600 x 350 cm; ®-3 possible cup locations; 1-3 = 3 possible start locations

The Travelir)g Salesperson .Probler_n (TSP) involves plar_ming a roufte Rats converged on 91 out of 105 (87%) Disance Tl o Mumoeror opmaiy| Disance Tl Numberor opimay
betvye_en a fixed se_t of Iocatl_ons US.Ir.]g. th_e shc_)rtest possible path without Conﬁgurations INn about 10 trnials (n=5, mean B B Segments B Segments Example Trials
re-visits. The TSP is a classical artificial intelligence problem that =9.3; SD = 3.7) \ OntimalPah
combines dynamic planning, working memory, and spatial navigation. | " Tuming Angle T T -
In Rat TSP, animals navigate for rewards in multiple cups in a small o | IS B e
environment (Watkins de Jong et al. 2011) and for the first time in a Optimization Indicators g S5 Greedypar 1
much larger environment. - | D F et
Optimality Ratio ch> L 4 CuxHull Area +
: @ .
Traveling Salesperson task for Rodents Cup Visits . Opima Pt +
Environment Size = 150 cm Movement Time i Local Strategies Global Strategies
: : = NotConverged (n=14)
21 posslble cup locations Optimal Path Greedy Path Greedy Path Convex Hull Optimal Path
. . Completion Tlm e ' Turnng Angle Turnng Angle Lngth Area ength
1-8 8 possible start locations = Converged (n=91) " |
S Distance Traveled 1 - N 5
. o > V ., o
Last 3 / First 2 trials
When rats converged, optimization was reflected in the First trials of the converged configurations were more
decrease in distance traveled, trial completion time, assoclated with local strategies, last trials were
movement time, and number of visited reward locations. associated with local and global strategies.
® What are the behavioral strategies in TSP? How does a rat’s
behavior change from the first to later trials? : :
® Are the rate and spatial distributions of Sharp Wave Ripples SPWS Post—Conf/guratlon
(SPWSs) in the dorsal hippocampus correlated with the
convergence onto a specific route? SPWs density after the task was significantly higher than Pre-Rest
® Are SPWs produced at the reward locations related to the rats 1.6 [ mpreRest
convergence? 4 | #Random _— * " Max FR = 1.1 Hz Max FR = 1.5 Hz Max FR = 0.4 Hz
B Converged ' D . |
O 1.2 F B Not Corgwerged l | l | [ ' [ l é"a I
Q ) .
2 Methods S0 f ‘ | A = ¢ o r Robot-quided TSP
a 0.8 | ] | o & |
- Random Configuration - different configuration of 5 cups, as well as . - 25 S i Rats can be trained to follow a small
different start position each trial for 10 trials. No opportunity for optimization. | S robot between rewarded cups (Gianelli
: : . .. . - j = 0 Rand Conv NotConv et al., 201 7)
« Standard Configuration - same 5 cup locations and start position each trial 95 1=88 =182 1=28
until rat takes same path for 3 trials in a row = ‘converged’. After 20 trials Bin1 Bin2 Bin3 Bin4 Bin5 Bin6 Bin7 Bin8 Bin9  Bin10 Can thi thod b d to bi
without converging the configuration ends = ‘not converged'. 30 sec bins an tnis metnoad be Used 1o |a§ o
teach the rat to converge on optimal or
- Wired and Wireless Multi-tetrode recordings from dorsal CA1. SPWs filtered : sub-optimal trajectories?
(100-300 Hz) and extracted: Post-Configurations, Between Trials, at Reward SPWs Between Trials
Locations. . " gand r - éand r*
. 0 0 o Convr® : o Convr® o
o | o | 2 + NotCony . | + NotCony 5. Conclusions
: o 8 2
Experimental Protocol 2 > _’/* 5 >0 ° 6., O =
Q. - D) (© B B . . - .
20 min 5 min 5 min 5 min 6 O | S S TP E s 1. Optimization in the TSP task may be the result of an increase in both local and
Pre Rest Post Config Rest Post Config Rest Post Config Rest 0.6 c_‘; 30 ® r=076 o) . . SAC - .
Ny ! g - global strategies, as a subject becomes more familiar with the reward locations.
| First 2 trials Last 3 trials 0.3 | 0.5 | 0.7 0.9 0.3 | 0.5 | 0.7 0.9 . . . . .
~ Post-Tral SPW Density (SPWs/sec) Post-Tral SPW Denslty (SFWs/ssc) 2. SPWs density increased between configurations, whether the task involved
R aal SPWs density increased significantly across Post-Trial SPWs density was correlated with trial completion time OPtlmlzatIOH or not.
Random Configuration Configuration 1 Configuration 2 trials for random and converged configurations. and optimality ratio in the random and converged conditions. _ _ - _
> . > < - & > . 3. SPWs density between trials was positively correlated with performance
Trial 30sec ITI Trial 30sec ITI Trial 30sec ITI Irrespectlve Of Convergence
Example Confiauration : In random configurations the number of SPWs at reward locations decreased from first 4 For converaed configurations. the number of SPWs at taraet locations decreased
P : g_ | SPWS at Reward LOcathnS cup to last cup for both the first 2 and last 3 trials (Main Effect of Cups, F=3.41, p<0.01). g g : o : g : :
Unfell € Ll . s In converged configurations the number of SPWs at reward locations decreased from from Cup to Cup for the first 2 trlaIS, but increased for the last 3 trials which could
A a | first cup to last visited cup for the first 2 trials, but increased from first to last visited cup Taal i i i /1
First 2 Trials ® Cup location for the last 3 trials (First2/Last3*Cups Interaction, F=3.22, p<0.05). represent a neural correlate of Optlmlzathn in terms of pOPUIatlon aCtIVIty'
________________________________________________________________________ —~ Optimal Path
‘ ‘ — Actual Path Random configurations Converged configurations Not Converged configurations
¥ =®-First 2 trials =®-First 2 trials i =@-First 2 trials
_C_g 1.0 ®-Last 3 trials = 1.0 ®-Last 3 trials T = | ©-Last 3 trials Refel’enCeS
Trial 8 = = = :
ke | S @ S 0 De Jong, L. W. Gereke, B. Martin, G. M. Fellous, J-M (2011) The traveling salesrat: insights into the dynamics of efficient spatial navigation in the rodent J. Neural Eng.
EZA‘\ Last 3 Trials 0P E} o | ———— f 3 05 ’ doi: 10.1088/1741-2560/8/6/065010
= ®e0e0. COnverged E = = Gianelli S, Harland B, Fellous J-M. (2017) A rat-compatible robotic framework for behavioural neuroscience experiments. Journal of Neuroscience Methods,
% same path for 3 Moo _ _ _ _ . (0,30_0 _ _ _ _ _ (0,30_0 , , , , _ https://doi.org/10.1016/j.jneumeth.2017.10.021
001 53 456 7 8 ! consecutive trials Cup1 Cup2 Cup3 Cup4 Cup5 Cup1 Cup2 Cup3 Cup4 Cup5 Cup1 Cup2 Cup3 Cup4 Cup5
Trials R Order visited in each trial Order visited in each trial Order visited in each trial

Supported by NSF CRCNS Grant #1429937, PI's: Fellous, Dominey, and Weitzenfeld Contact Information: harland@email.arizona.edu



	Page 1

