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Guckenheime X HA P2 A8 5 1048 R G5 H )47
5t Hopf 4325 HEATIISE, JE0FE T8 SR A Bl iR
VB OO R 3 I T AN IR = RS

o4 h 1
a - \ \ \ \
Y= \ \ \ \

~ L b\ bl b\ b\
v il il W W

0.2
-0.4
-0.6
-0.8
-1

o 5

10 15 20 2t5 30 35 40 45 50

(a) Time history for system (2.1)

1 the xy-planc

K3 farst Hopf i REIRG KRG IR IR ER
Hg. 3 Sketch of mixed mode oscillations caused by singular Hopf point



5 6 1]

Wi 15 45 < 22 O AR TR PR R

B ARG 3 T 2h 5E ik e 487

X =y — X -x

y=z-x (12)

2= —v—ax —by —cz
ER(12) P2EEE £ =0.01,0 =0.007,a = -0.4,b =
~0.4F1 ¢ =1. 15 mf by 5 Hopf 737 AR S
ARG AT R B A %7 55 Hopf 7022, i B4 i /1y
AR IR BRIz ST /MR R I 125 , S8 P i TV 3 K
IRk MR 7, TR A BRI G 8 T

B R AR Y 2o A B A 2R R R AR G B

G AT RS ITRRL R , b T 8 7 aE A
B I v R K THOIR 25 A AR 2, e L s 4E 9
RETUARAE AT R B RS 2R 7 1 7 AR ML (L S s
TP HEA B T DA ART GRS AT 5T

3 #HETEEPRESENXRS

3.1 AREEMERHAME

IR 2 (entorhinal cortex, EC) J& i 525 #y)
PRy A\ R 2 R TE DRI B J5T -5 9 22 T) i XY
] 15 B A3 A P, He s TR S5 4 RT3 S SIMI P ML
J2 (LEC) I P IR J22 (MEC) ™ py ] P I g
EALI 6 2 s TRV 2 hAEgi iz, V
JERVIY R, TE2MIZE N HEE. EC 1K
JERNEE T T B2 RN B 2 (AL AR5 B o |
Jiil B J5t LA R i B 55 ] K 5t ) A% N, B 3X SETA RN
o B AL PR JERevi A5 R AR i T A . TR 2
iy CAT AT GRS A, 5 HAL [l 258 J =, A
T B S -EC-3T e J2 B 5 oAz e i ™. e
WELRZ S22 J2 o, A4 it 22 7T ( Pyramidal Neuron ) FI
BRI 270 (Stellate Neuron ) 2 W28 5 2 (1 B
226, PRI, RS 3K P IS 4 M 1) R A v 2 B M A
B T4 7R 1 S AR 2% ) R Z rpL .
PRVGTE 6(4 ~ 12 #2%) My (30 ~ 100 #f2%) I
B NAERER (IR P37, 0 Fy SRR &
TSR 1 £ 78 45 Fh 2SR 1w 220 i g 37 %
N IR B R 11 2 B AR A0 i iR 5 R iR 9 2
fyBEgE S

A PRSI AR R Y THIRAR R B, YR R )=
o5 2R 2B REAE - SSmV BFE 7™ 4 B T 4k
Vi USRS R RO TR T R
DU W2 5K iR , Wt RIRIE R 7 A 1B
TR R IR SR 5 SR B, RV TR A R R
i IRG ARG 7 A 5 AR LA O, X I

FLAYIIC IS [ R E 2 AR .
3.2 HIERBRESH

WP T R 7 A AL R AIL ] — B P 2 A )
ST SE EERE. IE AR B R, A
it Sk it — A PR A I B AR A% B2 B 1A (pre-Botzinger
complex , PBC) 1) [X 5l 2 I 7L 2 5l I 1 1 A
PRI SCBERR AL 2 DA, T8 A% Sk s M, Al
WOARAZ T N 76k B 07 1) A TS AR B2 4 1
5wy v B8 M 0 % 26 ( Rostral ventral respiratory
group) Z [i]. HE—BHFTE I, TEIERE(LA 350 um
L E PBC 1M i b R A]IC SR 35 R pl g AR (XIT)
F AR 78 PBC NS i O 8 KT WS
XX ORI AR 5 1 S %y 1 e B 1R 52 A 45 470 0
CNQX U] | T30 rl, 1 Al 1 22 T 2K X Sl 45 2]
$&7R , PBC RUZHT A i FLIS S i R 5 1) 5%
FEARAL. IS IV Z BRI, PBC WAAAE T 14F
BRI Bl B B SE . K0T 9T R B, PBC 2 4
THE 8% H X DA 7 445 ) AR ) BB 5 T LA R R R S
HOBBAL, B 7E W 1 3™ A vl 4 G BEAE s PBC
Z: 5 T R AL o8 1 i — 20 R ) (HA
Poincaré B rf DLUAIE 12 PBC W BB BE ™ AR 1R 5
et .
3.3 EYE

REHAIRG AMELEMAETT P BRI, TN 7
VYR e N o Y R O RRTER % AN N
BT T B ) R O BRI, 2 B AR
PIAS R S 2% (0 AU IR, BT 7 A R AN B R
AR G, ELAT 520 PN 43 A R 1 3 2l T AR
WL HLBUE 55T 1k, 456 WL AR LR B I
A 7S PN 40 A 2 B T Ak X S R P A AR G
B HEFL R AL PR A A AT R S
FEICSEEATXT N SR FL AL A s i) P, 7 3 vt m]
L& BRIk 5 1 7 A

1t =2 SNBOR B 22 1 1R 5 15 2R v & I T
ST 2, il 4 Hodgkin-Huxley #5751 FHN 5
R, 22 PSR LP i 2 O B g v [ i 28 ST RS Y
S X SRR R B R R G 7 A LB A 2
HIBFSE.

4 B

15N =A

RABAIRG VR —Fh B 2 i 3h g 2 B G
KGR TN ST, 7Efi 2 ok Rl



438 By 5 B oH ¥ R

2016 445 14 %

TR GBI A LR T, 2
AR E IR — B (HR 20T A B Y
I PR E T 220 I 0 22 7T ) B A R A AT R e
LM 4E S ) R G i SCUAE B S 4R 3 ) &R
GEARNME L HWT S IR B AR 7 AR R LB, B LA
AEA AL 1A i o PR ) R 6 LI e e R Lo v &R
GERREAE s, A T O TR E0E B B A Tk
Lyapunov-Schmidt ( L-S) J5 % . dE £k 4 Galerkin J5 1
I POD J5 k8 5h 1 RGTHIRR LRSS . s zp i
F0 R PR A E e R BUARAE R G2, O T oK
A B 294 7 TS O AR, X T e 4
RO EMELI . SR 1 w7 St sl Bg %
IR TPAE sl ) R 8. th T sh ) R8sl 1 # AT
R R AETEAN [l st ) RUBE I A8 i [a] RUBE | Y22
LA IR R G800 SRR, T PR (R RUEE | A9 8 A4
PRSI AR ECE IR X TRk R, T
DAIE 9 A PRt o) RUBE | i 4550k 38 3 B 4 1 B
(), BE— 2D WF ST IR S A 3Pk v 1 7 AR L, DA 455
TN ZE IO AR BRI B

2 % X W

1 Ostwald W. Periodic phenomena in the disintegration of
chrome in acids. Zeitschrift Fur Physikalische Chemie-In-
ternational Journal of Research in Physical Chemistry &
Chemical Physics, 1900,35:33 ~76

2 Graziani K R, Hudson J L, Schmitz R A. The Belousov-
Zhabotinskii reaction in a continuous flow reactor. The
Chemical Engineering Journal ,1976,12(1) ;9 ~21

3 Hudson J L., Mankin J C. Chaos in the Belousov-Zhabotin-
skii reaction. Journal of Physical Chemistry A,1981,74.
6171 ~6177

4 Maselko J, Swinney H L. A farey triangle in the Belousov-
Zhabotinskii reaction. Physics Letters A,1986,119(8) :403
~406

5 Roux J C, Rossi A, Bachelart S, et al. Experimental ob-
servations of complex dynamical behaviour during a chemi-
cal reaction. Physica D,1981,2(2) :395 ~403

6 Rachwalska M, Kawczynski A L. New types of mixed-mode
oscillations in the Belousov-Zhabotinsky reaction in contin-
uously stirred tank reactors. Journal of Physical Chemistry
A,1999,103 ;3455 ~ 3457

7 Brgns M, Bar-Eli K. Canard explosion and excitation in a

model of the Belousov-Zhabotinsky reaction. Journal of
Physical Chemistry,1991,95(22) 8706 ~ 8713
8 Bertram M, Beta C, Pollmann M, et al. Pattern formation
on the edge of chaos, Experiments with CO oxidation on a
Pt (110) surface under global delayed feedback. Physical
Review E,2003,67(3-2) ;210 ~215
9  BertramM, Mikhailov A S. Pattern formation on the edge of
chaos ; Mathematical modeling of CO oxidation on a Pt
(110) surface under global delayed feedback. Physical
Review E,2003,67.036207
10 Koper M T. Bifurcations of mixed-mode oscillations in a
three variable autonomous van der pol-duffing model with a
cross-shaped phase diagram. Physica D,1995,80(1-2) .72
~94
11 Plenge I, Rodin P, Scholl E, et al. Breathing current do-
mains in globally coupled electrochemical systems: A
comparison with a semiconductor model. Physical Review
E,2001,64(5-2) :1725 ~1732
12 Moehlis J. Canards in a surface oxidation reaction. Jour-
nal of Nonlinear Science ,2002,12(4) :319 ~345
13 Drover J, Rubin J, Su J, et al. Analysis of a canard
mechanism by which excitatory synaptic coupling can syn-
chronize neurons at low firing frequencies. SIAM Journal
on Applied Mathematics ,2004,65(1) :69 ~92
14 Makarov V A, Nekorkin V I, Velarde M G. Spiking be-
haviour in a noise-driven system combining oscillatory and
excitatory properties. Physical Review Letters, 2001, 86
(15) :3431 ~3434
15 Alonso A A, Llinas R R. Subthreshold Na® -dependent
theta like rhythmicity in stellate cells of entorhinal cortex
layer II. Nature,1989,342(6246) :175 ~ 177
16 Medvedev G S, Cisternas J E. Multimodal regimes in a
compartmental model of the dopamine neuron. Physica D,
2004,194(34) :333 ~356
17 Kummer U, Olsen L F, Dixon C J, et al. Switching from
simple to complex oscillations in calciumsignalling. Bio-
physical Journal ,2000,79(3) 1188 ~ 1195
18 Rotstein H G, Kuske R. Localized and asynchronous pat-
terns via canards in coupled calcium oscillators. Physica
D,2006,215(1) .46 ~61
19 Krogh-Madsen T, Glass L, Doedel E J, et al. Apparent
discontinuities in the phase-resetting response of cardiac
pacemakers. Journal of Theoretical Biology, 2004, 230
(4):499 ~519
20 Marino F, Catalan G, Sanchez P, et al. Thermo-optical



5 6 1]

il (45 e 2 O TR R R 5 A 5k 35 3l ) 2 I 489

21

22

23

24

25

26

27

28

29

30

31

32

33

“canard orbits” and excitable limit cycles. Physical Re-
view Letters 2004 ,92(7) :073901

Satyabrata C, Syamal K D. Shilnikov chaos and mixed-
mode oscillation in Chua circuit. Chaos,2010,20(2):
023107

Doi S, Inoue J, Kumagai S. Chaotic spiking in the
Hodgkin-Huxley nerve model with slow inactivation in the
sodium current. Journal of Integrative Neuroscience ,2004 ,
3(2):207 ~225

Rubin J, Wechselberger M. Giant squid-hidden canard:
the 3D geometry of the Hodgkin-Huxley model. Biological
Cybernetics ,2007,97(1) .5 ~32

Rubin J, Wechselberger M. The selection of mixed-mode
oscillations in a Hodgkin-Huxley model with multiple ti-
mescales. Chaos,2008,18(1) :015105

Nowacki J, Mazlan S H, Osinga H M, et al. The role of
largeconductance Calcium-activated K* ( BK) channels in
shaping bursting oscillations of a somatotroph cell model.
Physica D,2010,239(9) ;485 ~493

Stern J V, Osinga H M, Lebeau A, et al. Resetting be-
havior in a model of bursting in secretory pituitary cells:
Distinguishing plateaus from pseudo-plateaus. Bulletin of
Mathematical Biology,2008,70(1) .68 ~88

Vo T, Bertram R, Tabak J, et al. Mixed-mode oscilla-
tions as a mechanism for pseudo-plateau bursting. Journal
of Computational Neuroscience ,2010,28(3) ;443 ~458
Krupa M, Popovic N, Kopell N, et al. Mixed-mode oscil-
lations in a three time-scale model for the dopaminergic
neuron. Chaos,2008,18(1) :015106

Medvedev G S, Cisternas J E. Multimodal regimes in a
compartmental model of the dopamine neuron. Physica D,
2004,194(34) :333 ~356

Erisir A, Lau D, Rudy B, et al. Function of specific K*
channels in sustained highfrequency firing of fast-spiking
interneurons. Journal of Neurophysiology,1999,82 (5) .
2476 ~ 2489

Ermentrout B, Wechselberger M. Canards, clusters and
synchronization in a weakly coupled interneuron model.
SIAM Journal on Applied Dynamical Systems,2009,8(1) :
253 ~278

Del Negro C A, Wilson C G, Butera R J, et al. Periodic-
ity, mixedmode oscillations, and quasiperiodicity in a
rhythm-generating neural network. Biophysical Journal,
2002,82(1) :206 ~214

Lampl I, Yarom Y. Subthreshold oscillations of the mem-

34

35

36

37

38

39

40

41

42

43

44

45

46

brane potential ; A functional synchronizing and timing de-
vice. Journal of Neurophysiology,1993,70(5) .2181 ~
2186
Giocomo L. M, Zilli E A, Franscen E, et al. Temporal
frequency of subthreshold oscillations scales with entorhi-
nal grid cell field spacing. Science,2007,315 (5819)
1719 ~ 1722
Desroches M, Guckenheimer J, Krauskopf B, et al.
Mixed-mode oscillations with multiple time scales. SIAM
Reviews ,2012,54(2) :211 ~288
Rotstein H G. Mixed-mode oscillations in single neurons.
Encyclopedia of Computational Neuroscience, 2014, 2
(12):1~9
Wang X J. Pacemaker neurons for the theta rhythm and
their synchronization in the septohippocampal reciprocal
loop. Journal of Neurophysiology,2002,87(2) :889 ~900
Muratov C B, Vanden-Eijnden E. Noise-induced mixed-
mode oscillations in a relaxation oscillator near the onset
of a limit cycle. Chaos,2008,18(1) :387 ~416
Kuske R, Borowski P. Survival of subthreshold oscilla-
tions; the interplay of noise, bifurcation structure, and
return mechanism. Discrete and Continuous Dynamical
Systems, 2009,2(4) :873 ~895
Brgns M, Kaper T J, Rotstein H G. Introduction to focus
issue: mixed mode oscillations: experiment, computa-
tion, and analysis. Chaos: An Interdisciplinary Journal of
Nonlinear Science, 2008 ,18(1) :174 ~ 188
Hudson J L, Hart M, Marinko D. An experimental study
of multiple peak periodic and nonperiodic oscillations in
the Belousov-Zhabotinskii reaction. Journal of Chemical
Physics ,1979,71(4) :1601 ~ 1606
Bake¥ D, Schreiberova L, Schreiber I, et al. Mixed mode
oscillations in a homogeneous pH-oscillatory chemical re-
action system. Chaos,2008,18(1) :015102
Baba N, Krischer K. Mixed-mode oscillations and cluster
patterns in an electrochemical relaxation oscillator under
galvanostatic control. Chaos,2008,18(1) :387 ~416
Higuera M, Porter J, Knobloch E. Faraday waves,
streaming flow, and relaxation oscillations in nearly circu-
lar containers. Chaos,2008,18(1) :015104
Barkley D. Slow manifolds and mixed-mode oscillations in
the Belousov-Zhabotinskii reaction. Journal of Physical
Chemistry ,1988 ,89(9) ;5547 ~ 5559
Showalter K, Noyes R M, Barli K. A modified oregonator

model exhibiting complicated limit cycle behaviour in a



490

B oo 5o #H o W

2016 445 14 %

47

48

49

50

51

52

53

54

55

56

57

58

59

60

flow system. Journal of Physical Chemistry,1978,69(6) :
2514 ~2524

Shilnikov L P. A case of the existence of a denumerable
set of periodic motions. Soviet mathematics-Doklady,
1965,6:163 ~ 166

Bronnikova T V, Schaffer W M, Olsen L. F. Nonlinear
dynamics of the peroxidase-oxidase reaction. 1. Bistability
and bursting oscillations at low enzyme concentrations.
Journal of Physical Chemistry B,2001,105(1) ;310 ~321
Krupa M, Popovic N, Kopell N, et al. Mixed-mode oscil-
lations in a three time-scale model for the dopaminergic
neuron. Chaos,2008,18(1) :015106

Desroches M, Krauskopf B, Osinga H M. Mixed-mode
oscillations and slow manifolds in the self-coupled
FitzZHugh-Nagumo system. Chaos,2008,18(1) ; 015107
Arnold V 1. Encyclopedia of mathematical sciences: Dy-
namical systems V. Berlin/ New York: Springer-Verlag,
1994

Fenichel N. Geometric singular perturbation theory for or-
dinary differential equations. Journal of Differential Equa-
tions ,1979,31(1) :53 ~98

Jones C K R T. Geometric singular perturbation theory, in
Dynamical systems. Berlin/New York: Springer-Verlag,
1995

Kaper T J. An introduction to geometric methods and dy-
namical systems theory for singular perturbation problems.
analyzing multiscale phenomena using singular perturba-
tion methods. Proceedings of Symposiain Applied Mathe-
matics ,1999,56 .85 ~ 131

Tikhonov A N, Vasil’eva A B, Sveshnikov A G. Differen-
tial equations. Springer Series in Soviet Mathematics.
Berlin/New York: Springer-Verlag, 1985

Eckhaus W. Relaxation oscillations including a standard
chase on french ducks. Lecture Notes in Mathematics ,
1983 ,985 :449 ~494

Kevorkian J, Cole J D. Multiple scale and singular pertur-
bation methods. Berlin/New York: Springer-Verlag,1996
Benoit E. Enlacements de canards. Comptes Rendus de I’
Académie des Sciences-Series I-Mathematics, 1985, 300
(8):225 ~230

Diener F, Diener M. Nonstandard analysis in practice.
Berlin/New York: Springer-Verlag, 1995

Desroches M, Guckenheimer F, Krauskopf J, et al.

Mixed-mode oscillations with multiple time scales. SIAM

Review ,2010,54(2) : 211 ~288

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

Wechselberger M, Mitry J, Rinzel J. Canard theory and
excitability, nonautonomous dynamical systems in the life
sciences. Lecture Notes in Mathematics ,2013,2102 .89 ~
132

Eckhaus W. Relaxation oscillations including a standard
chase on French ducks, Asymptotic Analysis II. Lecture
Notes in Mathematics 1983 ,985 .449 ~ 494

Dumortier F, Roussarie R. Canard cycles and center man-
ifolds. Memoirs of the American Mathematical Society,
1996,121(577) :100

Krupa M, Szmolyan P. Relaxation oscillation and canard
explosion. Journal of Differential Equations, 2001, 174
(2):312 ~368

Szmolyan P, Wechselberger M. Canards in R*. Journal of
Differential Equations,2001,177(2) :419 ~453

Rinzel J, Ermentrout G B. Analysis of neural excitability
and oscillations. In; Koch C, Segev I ed. Methods in
Neural Modeling, second edition. Cambridge, Massachu-
setts: MIT Press, 1998:251 ~292

Barnes B, Grimshaw R. Numerical studies of the periodi-
cally forced Bonhoeffer van der pol system. [International
Journal of Bifurcation and Chaos,2011,185(7) ;2653 ~
2689

Wechselberger M. Existence and bifurcation of canards in
R’ in the case of a folded node. SIAM Journal on Applied
Dynamical Systems,2005,4(1) :101 ~139

Guckenheimer J. Return maps of folded nodes and folded
saddle-nodes. Chaos,2008,18(1) :015108

Guckenheimer J. Singular hopf bifurcation in systems with
two slow variables. SIAM Journal on Applied Dynamical
Systems ,2008 ,7(7) :1355 ~ 1377

Krupa M, Wechselberger M. Local analysis near a folded
saddle-node singularity. Journal of Differential Equations,
2010,248(12) .2841 ~2888

Brgns M, Krupa M, Wechselberger M. Mixed mode oscil-
lations due to the generalized canard phenomenon. Fields
Institute Communications ,2006,49(1) :39 ~63

Baer S M, Ermeux T. Singular hopf bifurcation to relaxa-
tion oscillations. SIAM Journal on Applied Mathematics,
1986,46(5) ;721 ~739

Baer S M, Erneux T. Singular hopf bifurcation to relaxa-
tion oscillations II. SIAM Journal on Applied Mathemat-
ics ,1992,52(6) :1651 ~ 1664

Braaksma B. Singular hopf bifurcation in systems with fast

and slow variables. Journal of Nonlinear Science and Ap-



5 6 1] il (45 e 2 O TR R R 5 A 5k 35 3l ) 2 I 491

plications ;1998 ,8 (5) :457 ~490 82 Schmitz D, Gloveli T, Behr J, et al. Subthreshold mem-
76  Brgns M, Desroches M, Krupa M. Mixed-mode oscilla- brane potential oscillations in neurons of deep layers of the
tions due to a singular hopf bifurcation in a forest pest entorhinal cortex. Neuron,1998,85(4) :999 ~ 1004

model. Mathematical Population Studies,2015,22(2) .71 83 Fernandez R, White J A. Artificial synaptic conductances

~79 reduce subthreshold oscillations and periodic firing in stel-
77 Alonso A, Klink R. Differential electroresponsiveness of late cells of the entorhinal cortex. Journal of Neuro-
stellate and pyramidal-like cells of medial entorhinal cor- science, 2008 ,28 (14) 3790 ~ 3803
tex layer II. Neutophysiol ,1993,7(1) ;128 ~ 143 84 Yoshida M, Alonso A. Cell-type-specific modulation of in-
78 Boyle D L. Spinal adenosine receptor activation inhibits trinsic firing properties and subthreshold membrane oscil-
inammation and jointed struction in rat adjuvant-induced lations by the M( Kv7) -currents in neurons of the entorhi-
arthritis. Arthritis Rheum ,2002,46(11) :3076 ~ 3082 nal cortex. Journal of Neurophysiology,2007,98 (5):
79 Alonso A, Llincas R. Subthreshold Na* -dependent theta 2779 ~2994.
like rhythmicity in stellate cells of entorhinal cortex layer 85 Smith J C , Ellenberger H H , Ballanyi K, et al. Pre-
1. Naiture,1989,342(6246) .175 ~ 177 Bétzinger complex:a brain stemreg ion that may generate re-
80 Dickson C T, Magistretti J, Shalinsky M H, et al. Prop- spiratory rhythm in mammals. Science ,1991,254.726 ~729
erties and role of lh in the pacing of subthreshold oscilla- 86 T, T M. EYidELsh 12 R G YT T
tion in entorhinal cortex layer Il neurons. Journal of Neu- FubfE. JraFkE,2009,39(2):154 ~164 (Yu H,
rophysiology ,2000,83(5) :2562 ~2579 Chen Y S. Recent developments in dimension reduction
81 Leung L'S, Yim C Y. Intrinsic membrane potential oscil- methods for high dimension dynamical systems. Advances
lations in hippocampal neurons in vitro. Brain Research in Mechanics ,2009,39(2) :154 ~ 164 (in Chiniese) )

1991,553(2) :261 ~274

RESEARCH DEVELOPMENT ON DYNAMICS OF
MIXED-MODE OSCILLATIONS IN NEURONAL MODELS”

Lu Bo Liu Shenquan’ Liu Xuanliang
(School of Mathematics, South China University of Technology, Guangzhou 510640, China)

Abstract Mixed-mode oscillations (MMOs) are a type of complex oscillation mode produced in dynamical sys-
tems. They are widespread in nature. Mixed-mode oscillations are made up of a series of small amplitude oscilla-
tions and large amplitude of the oscillations, and these two types of oscillations appear alternately. Mixed-mode
oscillations in the neuronal system are introduced in this research. The effect of geometric singular perturbation
theory on the generating mechanism of mixed mode oscillations in dynamic systems is mainly analyzed, and the
research on dynamics of mixed-mode oscillations in the Pre-BstC neural network, stellate cells of entorhinal cor-
tex neurons, pituitary cells and gland cells is also introduced. Additionally, the investigation on mixed-mode os-
cillations of other neuronal models are briefly presented. All the works will provide a good foundation on further

research on mixed mode oscillations of neuronal models in the future.

Key words neuronal model, mixed mode oscillations, geometric singular perturbation theory, canard so-

lution, relaxation oscillation
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