
REPORT DOCUMENTATION PAGE 
Form Approved 
OMB No. 0704-0188 

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for revi~ing i.nstructions, ~earching data sources, . . 
gathering and maintaining the data needed, a~d co~pleting and revie~ing the collection of inforl!latio~ . Send comments re~ard1ng th1~ burden est1mate or any other aspect of th1s collect1on 
of information, including suggestions for reduCing thiS burden to Wash1ngton Headquarters Servtee, Directorate for Information Operat•ons and Reports, 
1215 Jefferson OaiJis Highway, Suite 1204, Arlington, VA 22202-4302, and to the Office of Management and Budget, 
Paperwork Reduction Project (0704-0188) Washington. DC 20503. 

PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS. 

1. REPORT DATE (00-MM-YYYY) 12. REPORT TYPE 13. DATES COVERED (From - To) 

03-31-2016 Performance/Technic~ 03-01-2016- 03-31-2016 
4. TITLE AND SUBTITLE Sa. CONTRACT NUMBER 

Nonlinear Maps for Design of Discrete-Time Models of 
Neuronal Network Dynamics Sb. GRANT NUMBER 

N00014-16-1-2252 
Sc. PROGRAM ELEMENT NUMBER 

6. AUTHOR{S) Sd. PROJECT NUMBER 

Nikolai Rulkov 
Se. TASK NUMBER 

Sf. WORK UNIT NUMBER 

7. PERFORMING ORGANIZATION NAME{S) AND ADDRESS{ES) 8. PERFORMING ORGANIZATION 
REPORT NUMBER 

University of California, San Diego, BioCircuits Institute 
9500 Gilman Drive, Mail Code 0328 
La Jolla, CA 92093-0328 D 

9. SPONSORING/MONITORING AGENCY NAME{S) AND ADDRESS{ES) .. 10. SPONSOR/MONITOR'S ACRONYM{S) . 
ONR' 

.r '· ~ 
Office of Naval Research REG Office San Diego .. ·- . 

140 Sylvester Road, Bldg. 140 Room 218 11 . SPONSORING/MONITORING 
San Diego, CA 92106 AGENCY REPORT NUMBER 

N66018 
12. DISTRIBUTION AVAILABILITY STATEMENT 

Approved for public release; distribution unlimited. 

13. SUPPLEMENTARY NOTES 

14. ABSTRACT 

A new promising way to significantly improve computational efficiency of neurobiological network 
simulations is to design a neuronal model in the form of difference equations that generates neuronal 
states in discrete moments of time. In this approach, time step can be made comparable with the 
duration of action potential (a spike) and capture correctly dynamics of the intrinsic and 
input-responsive tiring patterns. We propose to use modern DSP ideas to develop new efficient 
approaches to the design of such discrete-time models for studies of large-scale neuronal network 
activity. 

D 
15. SUBJECT TERMS 

Map-based neuronal model, Discrete time spiking dynamics, Synapses, Neurons, Neurobiological 
Networks 

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF 18. NUMBER 19a. NAME OF RESPONSIBLE PERSON 
a. REPORT b. ABSTRACT c. THIS PAGE 

ABSTRACT OF PAGES 
Nikolai Rulkov 

u u u SAR 4 19b. TELEPONE NUMBER (Include area code) 

(858) 245-6243 

Standard Form 298 (Rev. 8-98) 
Prescribed by ANSI-Std Z39-18 

j 

' 



INSTRUCTIONS FOR COMPLETING SF 298 

1. REPORT DATE. Full publication date, including 
day, month , if available. Must cite at lest the year 
and be Year 2000 compliant, e.g., 30-06-1998; 
xx-08-1998; xx-xx-1998 . 

2. REPORT TYPE. State the type of report, such as 
final , technical , interim , memorandum, master's 
theis , progress, quarterly, research , special , group 
study, etc. 

3. DATES COVERED. Indicate the time during 
which the work was performed and the report was 
written , e.g., Jun 1997- Jun 1998; 1-10 Jun 1996; 
May- Nov 1998; Nov 1998. 

4. TITLE. Enter title and subtitle with volume 
number and part number, if applicable. On classified 
documents, enter the title classification in 
parentheses. 

Sa. CONTRACT NUMBER. Enter all contract 
numbers as they appear in the report, e.g. 
F336 15-86-C-5169. 

Sb. GRANT NUMBER. Enter all grant numbers as 
they apperar in the report, e.g . 1F665702D1257. 

Sc. PROGRAM ELEMENT NUMBER. Enter all 
program element numbers as they appear in the 
report, e.g. AFOSR-82-1234 . 

Sd. PROJECT NUMBER. Enteral project numbers 
as they appear in the report, e.g . 1 F665702D1257; 

ILIR. 

Se. TASK NUMBER. Enter all task numbers as they 
appear in the report, e.g. 05 ; RF0330201 ; T4112 . 

Sf. WORK UNIT NUMBER. Enter all work unit 
numbers as they appear in the repor, e.g. 001 ; 
AF APL30480 1 05 . 

6. AUTHOR(S). Enter name(s) of person(s} 
responsible for writing the report, performing the 
research, or credited with the content of the report. 
The form of entry is the last name, first name, middle 
initial , and additional qualifiers separated by commas, 
e.g. Smith , Richard , Jr. 

7. PERFORMING ORGANIZATION NAME(S) AND 
ADDRESS(ES). Self-explanatory. 

8. PERFORMING ORGANIZATION REPORT NUMBER. 
Enter all unique alphanumeric report numbers assigned 

by the performing organization , e.g. BRL-1234; 

AFWL-TR-85-4017-Voi-21 -PT -2. 

9. SPONSORING/MONITORS AGENCY NAME(S) 
AND ADDRESS(ES). Enter the name and address of the 

orgazination(s) financially responsible for and monitoring 

the work. 

10. SPONSOR/MONITOR'S ACRONYM(S). Enter, if 

available, e.g. BRL, ARDEC, NADC. 

11. SPONSOR/MONITOR'S REPORT NUMBER(S). 
Enter report number as assigned by the sponsoring! 

monitoring agency, if available , e.g. BRL-TR-829; -215 . 

12. DISTRIBUTION/AVAILABILITY STATEMENT. Use 

agency-mandated availability statements to i ndicate the 

public availability or distribution limitations of the 

report. If additional limitations/restrictions or special 

markings are indicated, follow agency authorization 

procedures , e.g. RD/FRD, PROPIN, !TAR, etc. Include 

copyright information. 

13. SUPPLEMENTARY NOTES. Enter information not 

inciuded elsewhere such as: prepared in cooperation 

with ; translation of; report supersedes; old edition 

number, etc. 

14. ABSTRACT. A brief (approximately 200 words) 

factual summary of the most significant information. 

1S. SUBJECT TERMS. Key words or phrases 

identifying major concepts in the report. 

16. SECURITY CLASSIFICATION. Enter security 

classification in accordance with security classification 

regulations, e.g. U, C, S, etc. If this form contains 

classified information, stamp classification level on the 

top and bottom of this page. 

17. LIMITATION OF ABSTRACT. This block must be 

completed to assign a distribution limitation to the 

abstract. Enter UU (Unclassified Unlimited) or SAR 

(Same as Report) . An entry in this block is necessary if 

the abstract is to be limited. 

STANDARD FORM 298 Back (Rev. 8/98) 



, 
N00014-16-1-2252 Report #2 

Performance/Technical Monthly Report · 
. . 

Nonlinear Maps for Design of Discrete-Time Models of 
Neuronal Netw.ork Dynamics 

,.. '· ti' • ;. .... ';t 

Awarded to: 
Principal Investigator: 
Business Address: 

Effective Date of Grant: 
Grant ·Expiration Date: 

Reporting Period: 

March 31, 2016 

Sponsored by 

ONR 
,, .... . . 

Award No. N00014-16-1-2252 

UCSD 
Dr. Nikolai Rulkov 
9500 Gilman Drive 0328 

-La Jolla, CA 92093-0328 

·-02/0 1/2016 
--· 01 /31 /2018 

03/01 /16-03/31 /16 

; ' .• 

'• 

I. ... • -!"" 
•• • .. ~ • -w: • •• 

\ .' '-.' . r,· • L., : :. 

...... 

The views and conclusions contained in this report are those of the authors and should 
not be interpreted as representing the official policies, either expresslY. o/ impli_ed, ' of(~(:~;:.;··· .. .',. ~ 
Office of Naval Research or the US. Government. · · · .. · 



N00014-16-1-2252 Report #2 

Performance/Technical Monthly Report 

During this one-month period, PI continued search for a postdoc candidate and work on 
the Task 1 of the research plan. 

Postdoc. The research plan assumes part-time involvement (50%) of a postdoc, which 
have experience with neuronal network simulations using standard conductance-based 
models and analysis of nonlinear dynamics so he/she can clearly understand requirements 
for the map-based model design. The research of network dynamics utilizing the 
conductance-based models will be done in collaboration Dr. M. Bazhenov who will 
support the remaining 50% of postdoc time. Our project will be focused on the design of 
corresponding map-based models. We have received six applications and work on 
formation of short list and requests of recommendation letters. 

Task 1. Continued analysis of potential improvements of computational efficiency and 
usability of equation for Xn capturing fast dynamics of Na+ and K + pumps responsible 
for generation of action potential (spike). The 2-D map is of the form 

Xn+1 = fa(Xn,Yn + f3n), 
Yn+1 = Yn - Jl(Xn + 1) + Jlan 

where Xn is a dynamical variable and function fa( . . ) is a piecewise nonlinear function 
written a new form as 

Xn ::=; -0.5, 

-0.5 < Xn < 1, 
Xn;::: 1. 

The analysis of two-dimensional map capturing slow variable Yn (modeling slow 
adaptation current) have shown that the proposed change of nonlinearity shape did not 
affect qualitative dynamics of the system and has a minor effect on the parameter shift for 
input current. It also provides a consistent shape of individual spikes. See Figs. 1 and 2. 
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Figure 1 Waveforms of decelerated spiking activity in response to the rectangular depolarizing pulse 
ln. The case of new nonlinear function (left panel) and the original one (right panel). Note that 
amplitude of the input current has to be increased to match the spiking rate in the both cases. 

The consistency of models from the viewpoint of qualitative behavior is illustrated in the 
phase portraits plotted for the corresponding waveforms shown in Fig. 1. The iteration 
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sanples of the map m waveforms and phase portraits are shown with the black filled 
circles. 
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Fig·Jre 2 Trajectories of new map (left panel) and original map (right panel) for the responses to the 
rec1angular pulse of current. 
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