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Two Computational Algorithms for Deriving Phase Equations: Equivalence
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Fig.1 Phase shift after small inpulse input. The

amount of phase shift is dependent on the im-
pulse input timing.
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Fig.3 Phase shift with respect to the impulse height.
The pulse width is 0.001 and the timimg of im-
pulse input is fixed at the rising zero-crossing
of z1 in (15).
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Fig.4 Obtained H(-) with impulse response func-
tion method and adjoint function method.
Entrainment characteristics by direct simula-
tions are also plotted with X for comparison.
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Fig.5 Adjoint eigenfunction Q, for pu = 0.1.
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Fig.6 Adjoint eigenfunction Q, for pu = 0.01.
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Fig.7 Adjoint eigenfunction Q. for pu = 0.001.
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Fig.8 Adjoint eigenfunction Q. for pu = 0.0001.
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Fig.9 Phase shift with respect to the impulse height.
The pulse width is 0.001. Case of p = 0.001.
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Fig.10 Impulse response fuction for g = 0.1. The
pulse height and width is are 0.01 and 0.1,

respectively.
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Fig.11 Impulse response fuction for u = 0.01. The
pulse height and width are 0.001 and 0.1, re-
spectively.
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Fig.12 Impulse response fuction for yu = 0.001. The
pulse height and width are 0.0001 and 0.1,

respectively.
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Fig.13 Impulse response fuction for p = 0.0001.
The pulse height and width are 0.00001 and

0.1, respectively.
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Fig.14 Impulse response fuction for u = 0.001. The
pulse height and width are 0.0001 and 0.01,

respectively.
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Fig.15 Impulse response fuction for p = 0.0001.
The pulse height and width are 0.00001 and
0.01, respectively.

RSN E ol Thbb,

(i) RAB) DEHICIRRPILLY Iy b A2
WAERETOR (2) DR P VB OMILRPABILT 5
YAFLIZBWTIE, FATEA YNV ADES/IE
FENEEVETICHIRL 2 < TH, A V2V ARE
BIEUSEEEI A B D R Wikl & 72 5.

(ii) #XK A7) DLH ) Iy MHA T IVEE
TONZ VOB WAR LS 5 @D 7 A
FADEE, EAT ANV ADEEIX LRR IZILE 5
I HICERET D LRI OV A OIGIEAHNS 25k < &RE
LaTniEh b hwnwl E5d 5.

EBRAT R ET LA, (CAD LoEEN 2
Ey 3alb—2aryeRR0) Y A7 LN/ A
APHEETHOT, Db (i) O X9 eHAITIEE
AT BIWADFA X (Thbb, /SVADES LIE)
WA XD NIRRT HaRE CERETETRW
BATiE, 10, M1l DX HELNHA VI8V A
INEBEESNT, KL THRARZFEA A 0L
AEBEEOBA PR - 5.

720 4 AEO—2o g LT, 4 08
b A BB & SN FREEA B BT R D B
FLOVERNZFEOBETRTH). ZNIIDNT
FANCEERTETDH 5.

X ik
[1] Y. Kuramoto, Chemical Oscillations, Waves, and
Turbulence, Springer-Verlag, Berlin, Heidelberg,
New York, Tokyo, 1984.

[2] B. Ermentrout, “Type I membranes, phase resetting

curves, and synchrony,” Neural Comput., vol.8, no.5,
pp.979-1001, 1996. .

[3] J. Rinzel and B. Ermentrout, “Analysis of neural ex-
citability and oscillations,” in Methods in Neuronal
Modeling: From Ions to Networks, ed. C. Koch and I.
Segev, 2nd ed., pp.251-291, MIT Press, Cambridge,
1998.

[4] H. Tanaka, A. Hasegawa, H. Mizuno, and T. Endoh,
“Synchronizability of distributed clock oscillators,”
IEEE Trans. Circuits Syst. I, Fundam. Theory Appl.,
vol.49, 1no.9, pp.1271-1278, 2002.

[5] C. Kurrer, “Synchronization and desynchronization
of weakly coupled oscillators,” Phys. Rev. E, vol.56,
no.4, pp.3799-3802, 1996.

[6] B. Ermentrout and N. Kopell, “Multiple pulse inter-
actions and averaging in systems of coupled neural
oscillators,” J. Mathematical Biology, vol.29, pp.195—
217, 1991.

[7] A. Hajimiri and T.H. Lee, “A general theory of phase
noise in electrical oscillators,” IEEE Trans. Solid~
State Circuits, vol.33, pp.179-194, 1998.

[8] E.M. Izhikevich, “Phase equations for relaxation
oscillators,” SIAM J. Appl. Math., vol.60, no.5,
pp.1789-1805, 2000.

%

X (4), (5) DE&EY

PLTFIZ [6] 12 & % Fredholm PG % A 3L O R
EIEICE S /S EREAHAET 5. X (1) 2
LESWIEE D b 72V AT A

%t(t) — F(X(1)) + €P(2). (A1)
REZD. e=0TDY Iy M A7V A((t) DREM
Ty, SHRIEHLPOORAMAT EL, To~T &
T5.

SEARELTWE ET A E, (A1) DI

X(t) = v(t — Awet + ) + eu(t) + O(€®) (A-2)
LHXBNE. 2T Aw it (1 — eAw)T = Tp %k
2T X HICERT S, ewld () ODEMEERLT
W, K (A2) 2R (A1) IKARALT, e DA —FT
BHEYLE, RPKILT 5.

P’ (%’b— - Aw) +u + DF(v()u—P.  (A-3)

-
COTHMIBERE L % L= (4 — AF) LERLT,
K (A3) WD D Q ZHITH L, ROMWMILT 5.

<Q@5>G%—&O+<QJm>:<QJh»
(A-4)
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