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—_ O WD ATHE WN —

$s = searchbuffer .|

#f = searchoption; .|

N

menu.

"7 oZREZ (Nonspin) ix GAEIEZIBEBZ) 7,1

"ZAE > (Spin Polarization) i (REHBEEEICANEERE) 7,1
W

if (result==1)execmacro macrodir + "¥¥eduDV¥¥02-009-n.mac”; |
else if (result==2)execmacro macrodir + "¥¥eduDV¥¥02-009-s.mac”; |
setsearch §s, #f.|

endmacro; |

E7 4. 02-009.mac (FRATTsA£<o0)
5-4. 02-009-n.mac

OO DUT A WN —

$s = searchbuffer; |
#f = searchoption; |
!

ioaddll hidemarudir + "¥¥DengakuDLL.dI1”; // BZEDLLOO—FL
if (Iresult) {1

message “DengakuDLL.dl | 20— KFTEFHATLIz, "1l
endmacro; |

I
$path_dvdir = getenv ("dvdir”) ;.

10|$dirname = “02-001_" + year + month + day + hour + minute + second: |
11{if ('dl1func ("MKDIR”, “/p ” + $path_dvdir + "¥¥CALCY¥” + $dirname)) [l
12|> message "HM T A INFDERICERLELZ, "L

13|>  endmacro: .|

3
15[if (!dl1func ("SETCURDIR”, $path_dvdir + "¥¥CALCY¥¥” + $dirname)) [l

16|> message "HM A NFICBHTEELEATLE, "1l

17|>  endmacro: .|

18(}1

19|//>zNFTox s FOERL

20|#n = createobject ("WScript. Shell”):l

21|if@n =0 [L

22 message ‘AT UV FOERICEBLELE, ML

23 endmacro; |

24|}

5|/ Ly b I+ LEDERL

26|setpropstr #n, “CurrentDirectory”, $path_dvdir + "¥¥CALC¥¥” + $dirname;.
27|if (Iresult) {1

28 message “H LU T4 LY FUDERICERLELEZ, 7L
29/}

30|runsync2 $path_dvdir + "YYEXECYYMENU-N.BAT 02 009”: // menu-n 02 009 M{T!

31|readonlyopenfile “02-009_time. txt”; .
32|openfile "f062";.

33|openfile “f26":1

34 |readonlyopenfile “bllist out”;l
35|readonlyopenfile “f08e"; .

36| readonlyopenfile “FOSE.hlgap”:l
37|readonlyopenfile “FOSE.hlgaps”:l
38 |readonlyopenfile “f08p"; L

39| readonlyopenfile “FO8P_S”: .

40 |readonlyopenfile “i08"; 1
41|readonlyopenfile “bn8”; .
42|openfile "f017;L

43|setsearch §s, #f:|

44| endmacro; |

Bl7 6. 02-009-n.mac (FRITs4<4H0O)

5-5. menu-n.bat, menu-s.bat
7 6 ® 02-009-n.mac @ 301TH T, menu-nbat NFEITIND. ZDOKE, —HODF|E)Y menu-n.bat (ZJE
b,

%

TIX menu-s.bat NFEITIND.

menu-n.bat 02 009

JYZEY(Nonspin)ik (BEI3Z55)
AE(Spin Polarization)ifl (AKY4E#ZEEICANLEE)

7 5. 02-009. mac E{TEImE

7 5OWEE T [/ 2> A > (Nonspin)iit  GE#
XZBB)) 7Yy 735 E, 02-009-n.mac 2 FEAT
I 5. 02-009-n.mac X 7 612, FATHOH AT
T A A EE AR T TITRT.

B Cvovaakcalc¥02-001_20191230151712101 [Shift-JIS] [CR+LF] - ®AL - o X
J7AMD RKE BTV SRS HVEIW) TI0M_TOMO) 1
W X OF D 1] 24 DR A T £ O XYZ2F01 MAKEF2S MAKEFOS DVSCAT POPANL POPANLS NETC BNDODR WAVNUM.. eduDV..

® 02-009 timetxt ® f06z % 26 1 blistowt ® f08e % FOBEhigap % FOBENgaps = f0Bp  FOBP.S ® i08 % bng = 01
= iy = W ™ "

BE
=

10, 0 Unit (0: Angstrom 1: Atomic)!
11 0 Spin (0: Non-spin 1: Spin ).

12 0 W.P. ©: No 1: Yes )l
13/12500 Sample point (<100000. = 0 Autoset) !
14| [EOF]

< >
MAKELO4. LVISHM  DVPLOT. MAKECDA.| CONTRD CONTRD. VESTA 11783 | i 7e

7 7. 02-009-n. mac ETERDFII T« 4 HE

—OHOSIBEIK 71D by T A=ma—DA=a—FE, “OHORKIKT7 3DA=2—IZBITS
A=ma—FFTHD. TNENOFIEIE menu-nbat DF T, %1, %2 & LTtk L THEHTE 5.
X7 50DA==2—"T [AE>(Spin Polarization)iil (A &5 EEEICANT-FE) ] 27V v 7 L
E13 02-009-s.mac (KGR SCSHAITHGI L TW72RW) NFEITSN DA, D 301TH

runsync2 $path dvdir + "¥¥EXEC¥¥MENU-S.BAT 02 009"; // menu-s 02 009 DELT

menu-s.bat 02 009
7 81Z menu-n.bat &7~ 7.

Z OIKFY menu-n.bat & [FEE, —OOFENESNS.
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1 2 4 5 1 2 3 4 5

001 @echo off 119 rename FO8P FO8P_S

002 if exist f01l goto errl 120 echo i3

003 if exist £25 goto err2 121 echo PPPP 000 PPPP A NN N L

004 copy %dvdir$¥data¥$1-%2-n.txt £01 122 echo P P O o P P AA NN N L

005 call $dvdir$¥exec¥makefOS5scfs 123 echo P P O O P P A A NNN L

006 call $dvdir%¥exec¥existf05 124 echo PPPP O O PPPP A A NNN L

007 if exist FOSexist.txt goto fexist 125 echo P o o P AAAAA N NN L

008 goto err3 126 echo P o o P A A N NN L

009 :fexist 127 echo P 000 P A A N N LLLLL

010 del FOS5exist.txt 128 echo

011 echo 129 call %dvdir%¥exec¥popanl

012 echo d DbbD VoV 130 echo

013 echo d D D V v 131 echo A TTTTT L IIIIT Sss TTTTT

014 echo eee dddd u u D D V v 132 echo A A T L I s s T

015 echo e e d d u u D D V v 133 echo A A T L I s T

016 echo eeee d d u u D D V v 134 echo A A T L I s T

017 echo e d d u u D D vv 135 echo AAAAA T L I s T

018 echo eeee dddd uuu DDDD v 136 echo A A T L I s s T

019 echo 137 echo A A T LLLLL IIIIT sss T

020 echo NN N sSss i 138 echo

021 echo NN N ooo nnnn S S Pppp nnnn 139 call %dvdir8¥exec¥atlist >atlist.out

022 echo NNN o o n n S p p di n n 140 echo

023 echo NN N o o n n s P P i n n 141 echo BBBB L L IIIII sss TTTTT

024 echo N NN o o n n s PPPP i n n 142 echo B B L L I s s T

025 echo N NN o o n n S s p i n n 143 echo B B L L I s T

026 echo N N ooo n n sss P iii n n 144 echo BBBB L L I s T

027 echo 145 echo B B L L I s T

028 echo sSss ccec A TTTTT 146 echo B B L L I s s T

029 echo s s C c AR T sss t aaaa r rr t 147 echo BBBB LLLLL LLLLL IIIIT sss T

030 echo s c A A T s s ttttt a rr r ttttt 148 echo

031 echo s c A A T s t aaaa r t 149 call %dvdirf%¥exec¥bllist >bllist.out

032 echo s c C AAAAA T s t a a r t 150 echo

033 echo S s C Cc A A T s s tt a aa r t t 151 echo PPPP RRRR EEEEE sss TTTTT sss

034 echo sss ccec A A T sss t aaa r t 152 echo P P R R E s s T s s

035 echo 153 echo P P R R E s T s

036 echo [%1-32-Nonspin DV-Xalpha (SCAT) start] > %1-%2_time.txt 154 echo PPPP RRRR EEEE s T s

037 time < %dvdir®¥data¥return.key | find "." >> $1-%2_time.txt 155 echo P R R E s T s

038 goto scatrun - 156 echo P R R E s s T s s

039 :scatrun 157 echo P R R EEEEE sss T sss

040 call $dvdir$¥exec¥dvscat 158 echo

041 if exist converge.bat goto dell 159 call %dvdir%¥exec¥prests

042 goto contl 160 echo

043 :dell 161 echo W W A v V NN N U U M M

044 del converge.bat 162 echo W w A A v V NN N U U MM MM

045 goto contl 163 echo W W A AV V NNN U U MMM

046 :contl 164 echo WW W A AV V NNN U U MMM

047 if exist convd.txt goto del2 165 echo WW W AAAAA V V N NN U U M M

048 goto cont2 166 echo WWWH A A VV N NN U U M M

049 :del2 167 echo W W A A v N N uuu M M

050 del convd.txt 168 echo

051 goto cont2 169 call %dvdir$¥exec¥wavnum <%dvdir$¥data¥zero

052 :cont2 170 echo

053 if exist notconv.txt goto del3 171 echo M M A K K EEEEE L 000 4

054 goto cont3 172 echo MM MM A A K K E L ] ] 44

055 :del3 173 echo MMM A A KK E L 0 00 44

056 del notconv.txt 174 echo MM M A A KK EEEE L 000 4 4

057 goto cont3 175 echo M M AAAAA K K E L 00 0 44444

058 :cont3 176 echo M M A A K K E L ] ] 4

059 call %$dvdir$¥exec¥cnvchkl50 177 echo M M A A K K EEEEE LLLLL 000 4

060 call converge.bat 178 echo

061 if exist convd.txt goto cont4d 179 call %dvdir%¥exec¥makelO4 <%dvdir$¥data¥three

062 if exist notconv.txt goto cont4 180 echo

063 del converge.bat 181 echo L v vV L sSss H H M M

064 goto scatrun 182 echo L v vV L s S H H MM MM

065 :contd 183 echo L Vv V L s H H MMM

066 echo [%1-%2-Nonspin DV-Xalpha (SCAT) end] >> $1-%2_time.txt 184 echo L vV VvV L s HHHHH M M M

067 time < $dvdir®¥data¥return.key | find "." >> 81-%2_time.txt 185 echo L v VvV L s H H M M

068 echo ¥ 186 echo L vV L S S H H M M

069 echo sSss ccec A TTTTT d 187 echo LLLLL v LLLLL sss H H M M

070 echo S s C c A A T nnnn d 188 echo

071 echo s c A A T eee n n dddd 189 call %dvdir$¥exec¥lvlshm

072 echo s c A A T e e n n d d 190 echo

073 echo s c C AARAAA T eecee n n d d 191 echo H H L GGG A PPPP

074 echo S s C Cc A A T e n n d d 192 echo H H L G G A A P P

075 echo Sss ccec A A T eeee n n dddd 193 echo H H L G A A P P

076 echo 194 echo HHHHH L G GGG A A PPPP

077 del converge.bat 195 echo H H L G G AARAAA P

078 echo 196 echo H H L G G A AP

079 echo ccC 000 NN N TTTTT RRRR DDDD A L L 197 echo H H LLLLL GGG A A P

080 echo C c o O NN N T R R D D AA L L 198 echo

081 echo C o O NNN T R R D D A AL L 199 call %dvdir%¥exec¥hlgap

082 echo C o O NNN T RRRR D D A AL L 200 echo

083 echo C c o O N NN T R R D D AAAAA L L 201 echo H H L GGG A PPPP sss

084 echo C c o O N NN T R R D D A AL L 202 echo H H L G G A A P P s s

085 echo ccC 000 N N T R R DDDD A A LLLLL LLLLL 203 echo H H L G A A P s

086 echo 204 echo HHHHH L G GGG A A PPPP s

087 call %dvdir$¥exec¥contrdall 205 echo H H L G G ARAAA P s

088 dir/w *.sca 206 echo H H L G G A A P s s

089 echo 207 echo H H LLLLL GGG A A P sss

090 echo NN N EEEEE TTTTT ccec 208 echo

091 echo NN N E T c c 209 call $dvdir$¥exec¥hlgaps

092 echo NN N E T [o] 210 type i08

093 echo N N N EEEE T [o] 211 type £08e

094 echo N NN E T [o] [¢] 212 if exist notconv.txt goto notconv

095 echo N NN E T c c 213 del convd.txt

096 echo N N EEEEE T ccec 214 goto end

097 echo 215 :notconv

098 call $dvdir%¥exec¥netc 216 echo;

099 echo 217 echo

100 echo BEBB NN N DDDD 000 DDDD RRRR 218 echo *** WARNING ** WARNING ** WARNING ** WARNING ** WARNING ***

101 echo B B NN N D D ©O o D D R R 219 echo

102 echo B B NNN D D ©O o D D R R 220 echo *** SCAT (NonSpin version) has not been converged yet. ***

103 echo BBBB NNN D D ©O o D D RRRR 221 echo

104 echo B B N NN D D O o D D R R 222 echo *** WARNING ** WARNING ** WARNING ** WARNING ** WARNING ***

105 echo B B N NN D D o o D D R R 223 echo

106 echo BBBB N N DDDD 000 DDDD R R 224 del notconv.txt

107 echo 225 goto end

108 call %dvdir$¥exec¥bndodr 226 :errl

109 echo 227 echo ***ERROR*** f01 already exist

110 echo PPPP 000 PPPP A NN N L sss 228 goto end

111 echo P P O o P P A A NN N L s s 229 :err2

112 echo P P O o P P A A NNN L s 230 echo ***ERROR*** f25 already exist

113 echo PPPP o O PPPP A A NNN L s 231 goto end

114 echo P o o P AAAAA N NN L s 232 :err3

115 echo P o o P A A N NN L s s 233 echo ***ERROR*** F05 not exist

116 echo P 000 P A A N N LLLLL sss 234 goto end

117 echo 235 :end

118 call %dvdir$¥exec¥popanls 1 2 3 4 5
1 2 4 5

X7 8. menu-n.bat

5-6. 02-009-n.txt, 02-009-s.txt
7 8 @ menu-n.bat D 4 {THNFEITIND &, 02-009-n.txt 25 01 [T E— 5.
copy %dvdir%$¥data¥%$1-%2-n.txt £01

T2 T%11302, %21%009 THDH. 02-009-n.txt Z[X 7 912, 02-009-s.txt %

8 0T/~
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FILERREASY: WAULE ¢ 2 — TR #4053 (2019.3)
tfrz Nl X I Y [I 2 L tfzZIINall X I Y [l Z U
2 7 1 0.00000 0.00000 0.00000. 2 7 1 0.00000 0.00000 0.00000.
3 8 2 1.45300 0.00000 0.00000. 3 8 2 1.45300 0.00000 0.00000.
4 1 3 -0.23465 0.00000 -0.99264. 4 1 3 -0.23465 0.00000 -0.99264.
5 1 4 -0.23465 -0.92432 0.36191. 5 1 4 -0.23465 -0.92432 0.36191.
6 1 5 1.64315 0.77895 0.53154. 6 1 5 1.64315 0.77895 0.53154.
7 ) 7 1
8|INEQ]] CHG |Ju/D|l RD || VD | 10 8|INEQ]] CHG |Ju/D|ll RD || VD | 10
9 \p 9 d
10 0 Unit (0: Angstrom 1: Atomic). 10 0 Unit (0: Angstrom 1: Atomic).
11 0 Spin (0: Non-spin 1: Spin )l 11 1 Spin (0: Non-spin 1: Spin )l
12 0 M.P. (0: No 1: Yes )l 12 0 M. P. (0: No 1: Yes )l
13| 12500 Sample point (<100000, = 0 Autoset) .| 13]12500 Sample point (<100000, = 0 Autoset).
K7 9. 02-009-n. txt B8 0. 02-009-s. txt

02-009-n.txt (X7 9) @ 111TH TiE Spin=0 L 72> TWDHDIZHKL, 02-009-s.txt (I8 0) D 114TH
TlESpin=1 &> TWN5%.

6. Bbhic

LFEEBNCHEE SN T WD TOHMEER XY, 13 MEOBEE S 7O T EELFE L,
eduDV[I-18ITHAA AT, FF DIIARFH TR, BUEi s e R, BleiAamib s, By
HEERAE MRV AR, BUEMEM R, A HER A HERER O BRI, B K ORETAEE
BRE T VAT L5, LM LR, TER8Lyryey=7 ba—2x0 HEPEER) 24
LTCWa2, ZNHOEBRBEOF T, SEIAAAATL 1I3FEEHOERES -0 5 OV D, FAEN
FERIZH Y o TW D [41].

(1 ZER7T—~: S8 LiRRe, SRIEE L ORIG

FEBRNE HEh E 72 1TH DA o 7o SRR (AT ANIE £ T2 IR 2 N2 5 & ROET 5.
eduDV H &% - filif&(nitric acid, HNOs, CAS[7697-37-2])

Q) EBRT—<: B3 BBA A ORIS & R BERESRYE (BBA AL ORBEIBE)
FBRNG : Fe R BOWIKICTF AL T VBT B LA EMAD &, ARMFREIZRS.
eduDV &k : A Y F A7 U B(isothiocyanic acid, HNCS, CAS[3129-60-6])

B) EBRT—<: 0-ZxF b u YV ERAVLEANA F ¥ FeDFEE (B HEEIHT)
FERNE FeX 2 & TosikIc, HWiEt Fuxi 7 I VKEK, o-7 =T bu U VKK

e, WERR—EERET N Y U AREIR AN A, EEERET A= 510 nm QWO
ZREL, REHRICED FPOREZRETD.
eduDV %Gk : t e /L7 I (hydroxylamine, NH,OH, CAS[7803-49-8])
ki b ipE s, Mb%FER O0EBRT—~D—o2L LT [ ToEHbFEE )] 210
EFDZ L EBELTWD, KEFERAE Y Z—D Y a2 FEEBOTXTO/Y 2 221F eduDV 73
AV AR—=LLTHY, ERFE LR TES. EBREH CEBICR - TmREDOS 1%, F4H
b eduDV TEIREEFHE T2 2 L1080, 7LV TREOHENIME TE RN & 5.
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Abstract

A sufficient condition for the asymptotic stability of the equilib-
rium point of a system, which appear as a model for couple of the
love affair with time delay, are obtained by applying the technique of
linearization method, Hopf-bifurcation and Liapunov functionals.

1 Introduction

In a pioneering paper [19] and a famous book [20], Strogatz considered
a simple pedagogical model describing a love affair. He treated harmonic
oscillation phenomena using a topic that is already on the minds of many
college students, which is the time evolution of a love affair between a couple.
Later, Sprott [18] proposed more realistic nonlinear triangle models for love
dynamics [cf. 5, 10]. Moreover, Rinaldi who is an authority in this area, has
studied several types of models describing love affairs and published many
papers [cf. 11-16]. On the other hand, we study the effect of time delay on the
nonlinear dynamical model describing a love affair between two individuals.

In this paper, we consider the following delay differential equation

‘”flf) = —dpR() + f(J(t — 7)) + 1A,
PO a0 R - ed 0 ()

where we denote measures of the love of individuals R(t) and J(t) for the
partner by J(t) and R(t) at time t (like a Romeo’s love or hate if negative
for Juliet at time t and like Juliet’s love for Romeo). The parameter dp
and d; are the respective decay rates in the forgetting coefficient. The r;
is the return rates for R(t) and it describes the direct effect of his love on
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the partner J(t). A;, Ay are constant coefficients reflecting the appeal of
Romeo and Juliet, respectively and v; is Romeo’s reaction rate to Juliet’s
appeal and 7, is reaction of Juliet to Romeo’s appeal. 7, > 0 and 7, > 0
are nonnegative delay terms. Since R(t) and J(t) are each emotions at time
t, naturally, it later seeks for the conditions that the solution (R(t), J(t))
of equation (1) exists, whenever the initial date is given and all coefficients
are positive numbers. To do this, we assume the monotone bounded and
continuously differentiable function f(.J).

Equation (1) is an extending model of the without delay differential equation

dljlit) = —drR(t) +rrJ(t) + 1A,
d{h(f) = —dsJ(t) +rsR(t) + 1A, (2)

which has been proposed by Rinaldi et al. [12] and [16] as a model for the
linear system of love dynamics, where ri describes the direct effect to her
love on the partner R(t). Next, we introduce another differential model of
love with delay;

df;f) = —dgR(t) + Hi(J(t — 7)) + 71 As,
d‘gfﬁ — —dyJ(t) + Ha(R(t — 7)) + 72, (3)

proposed by Liao and Ran [8] and Son and Park [17], where H;(x), (i =
1,2) are the functions with same delay 7. To consider more reality love
regime than ordinary differential system (2), they investigate that the stable
equilibrium point is destabilized for a delay larger than a threshold value
and then bifurcates to a limit cycle via a Hopf bifurcation when Romeo is
secure and Juliet is non-secure. Our first goal is to investigate the asymptotic
stability of equilibrium points of 2-dimensional dynamics of Romeo and Juliet
in the multiple equilibrium case. The second case we take up concerns the
romantic real style of Romeo and Juliet with time delays.

All result in this paper is based on our paper [7], which is included proofs of
after Theorem 1-4.

We can show that the existence of solution (R(t), J(t)) is guaranteed for
equation (1) whenever the initial conditions are bounded continuous func-
tions;

R(s) = ¢i(s) for -1 <s5<0,
and (4)
J(s) = ¢a(s) for — 1 <5 <0,
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where ¢;(s) € C([—7;,0],R) (in short, C) and ¢;(0) > 0 for i = 1,2.
Here, Banach space C(I,R) is the set of all continuous functions map-
ping I into R with supremum norm defined by | - |¢ (in short, | - |), where

|¢| = SUPse[fr,o] |¢(S)|a ¢ cC.
2 Stability criteria of equilibrium points

In this section we study the stability of equilibrium points of equation (1).
We have the equilibrium point E* = E*(R*, J*) of equation (1), where

d;J* — A
R = —JJ T2 and

Ty
deJJ* — dR"}/gAl — ’I”J’}/lAg
Y = dgpR* —vAy = .
f(J7) rR" — 74 "

We investigate the stability of the equilibrium point E* = E*(R*, J*) by
linearization. Let

R(t) = R"+uz(t),
J@t) = J +yl),
where z(t) and y(t) are small perturbations. Then, the linearized form of
the equation (1) about the equilibrium point E* is writing z(t), y(t) for @(t)
and y(t).
#(t) = —dra(t) + [ (T)y(t — ),
yt) = —dyy(t) +rya(t — 7). (5)

Remark 1. We consider f(.J) are particular forms by taken as two cases:
for some odd integer [ > 1,

T’RJZ
pr— >
(Hy) f(J) K4 for J >0,
rrJt
f(J) = KR_ 5 for J <0,
and
J
(Hs) f(J):rRtanh(j),
0

where K > 0 is a real number and .Jy is the concentration parameters
related to the switching of the love individual by a Juliet’s love function
J(t). For [ =1, the function f in (H;) is considered by [11] and the
function f of (Hs) is treated in [1]. It seems that (Hs) is a more adjust
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condition than (H;) as situation of love affairs. So, in this paper, we mainly
employ the condition (Hs).
In the case where (H;) and (Hs), respectively, J* is given by the solution of
the equation

KA

#\[+1 TRTJ *\ [ *
_—— K —_— pu—
(J*) deJ(J) +KJ ind, 0

and
J* dnd A
tanh(=-) — 2L 4+ = 0,
Jo TRTJ TRTJ

where A = dgy2A; + 77142, In equation (5), the case where each
assumption (Hy) and (H2), we have

Klrp(J*)!

FI = & + (7)) (by Hy)
and

- (rr/Jo)

f(J) o2 h(J*/Jo) (by Hj),

respectively.

We can show the next theorem by using Routh - Hurwitz theorem [cf. 9, 16
and 20] for the second-order differential equation.

The stability results in this article are the following.

Theorem 1 (without delay case) [cf. 16]. Suppose that
dr+d; >0 and drd; > ryf (J*). (6)

Then, the equilibrium point E* of equation (1) with 7 = 75 =0 is
asymptotically stable.

Theorem 2 (with delay case). The necessary and sufficient condition for
the asymptotic stability of the equilibrium point E* of equation (1) with
delay 7 > 0 is the condition (6). Moreover, suppose that

dg>r;>0 and d; > f(J)>0. (7)

Then, the equilibrium point E* of equation (1) is globally asymptotically
stable for 7 > 0.

Proof. To prove the first statement of this theorem, we apply the approach
of [Theorem 3.7.3 in 6]. When delays 71, 5 # 0, the characteristic equation
associated with (5) can be written as

DA T) = N4+ a\+b+ce ™ =0, (8)
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where
= dr+dy,
b = deJ and (9)
c = —TJfI(J*),

and 7 = 7 + 7». It is easy to verify the necessity of the condition (6). For
instance, if (6) does not hold then the trivial solution of (5) is not
asymptotically stable for 7 = 0, from the proof of Theorem 1. If a real
number z and a 7 > 0 exist such that D(iz,7) = 0 then for such 7, the
characteristic equation (8) has a pair of pure imaginary roots and hence the
trivial solution of (5) is not asymptotically stable.

Setting A = p + v in (8) and separating the real and imaginary parts, we
get a system of transcendental equations;

P — v +ap+b+ce " cosvr =0, (10)

2uv + av — ce” *" sinvt = 0. (11)
One can write (8) in the form
N+ +w =0,

where w = b+ ce™". We note that the assumption (7) implies the condition
(6) and the converse of this is not true. For any real z, and 7 > 0, we have

D(iz,7) = =2+ aiz + b+ ce .

Then, for z =0, D(iz,7) = b+ ¢ # 0 by (6) and (9). For z # 0, let us

suppose 7T varies on the interval [0, %’H implying that |z7| will vary in [0, 27].

This means that e”*7 will vary over unit circle. Thus we can let for z # 0,
27 to be another independent variable o (where o = —z7). We can write

H(z,0) = G(z,0)+iK(z,0)
(=2 + b+ ccoso) +i(az + csino).

Thus,

G(z,0) = =2+ b+ ccoso =0, (12)
K(z,0) =az+ csino = 0. (13)

Here, eliminating ¢ from (12) and (13), we get

U(z) = 2* + (a® — 2b)2* + (1> — ¢*) = 0.
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A necessary and sufficient condition for U(z) = 0 not to have non-zero real
root is b — ¢® > 0, that is, b > ¢ from (6). If U(z) = 0 has non-zero real
root, then b* — ¢* < 0. From (12) and (13), we have

—az

tano = .
22 —-b

Then, we obtain the real values of ¢ which satisfy (12) and (13). Thus, a

set of necessary and sufficient condition for the asymptotic stability of the
interior equilibrium is ¢ < b. This completes the proof of local stability of
theorem.

Let us next consider the Liapunov functional V' (¢), defined by

V(D) = Vo), u(0)
= a(O)] + ly(®) + b2 |

t—71

t t

l2(s)|ds +b1/ ly(s)|ds > 0,

t—T1o

where a; = —dp, a3 = —d;,b; = f(J*) and by = r;. Calculating the
derivative V' (t) of V() along the solutions of equation (5), we have

V() = V() (x(t).y(t)
= [2()| + [9(t)] — ba|z(t — 7)) — baly(t — 72)]
+bo|a(t)| + bi|y(?)]
< (a1 4+ bo)[z(t)] + (a2 + b))y (). (14)

It follows from (14) that
V() + (=(ar + b))z (t)] + (=(az + b1))[y(@)] < V(0) < oo

By hypothesis (7), a; + by < 0,a2 + b; < 0, and hence it follows from (14)
that the functional V() is non increasing for all solutions (z(t),y(t)) of
equation (5) and so V/(¢) is convergent. Letting ¢ — oo into (14), we obtain

Jim V(8) = 0 < (a1 +b) fim [2(8)] + (a2 + bo) Jim Jy(0)] <O
which implies,
lim (J2(0)] + ly(0)]) = 2" +y* =0,

if (7) holds.
Then, this completes the proof of Theorem 2.

Remark 2. The above Theorem 1 and 2 hold for the both functions (H;)
and (Hz). This talk is motivated by Das et al.[3], [4] and Hamaya [7], that
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is 7Study the stability and the existence of almost periodic solutions of the
equation (3)”, and we also regard Theorem 1, 2 and next Theorem 3, 4 as a
partial answer in the affirmative for their research.

For the more complicated equation of (3), [2], [5], [15] and [16] have shown
the asymptotic stability of the equilibrium point £E* under the more
complicated conditions using a bifurcation technique and others.

3 Estimation for the length of delay to preserve
stability and bifurcation results

In this section, we suppose that in the absence of delay E*(R*, J*) is locally
asymptotically stable. This is guaranteed if (6) holds. By continuity of
solutions and for sufficiently small 7 = 71 + 75 > 0, all eigenvalues of (8)
have negative real parts provided that no eigenvalue bifurcates from +oo,
which could happen since this is a retarded delay system. It is then possible
to use a criterion of Nyquist which we describe below to estimate the range
of 7 for which E* remains asymptotically stable. Here we follow the
approach by [3, 4, 6] for such estimation of 7. We consider the system (5)
and the space of real valued continuous functions defined on C|—7, 00)
satisfying the initial conditions (4).

Theorem 3. If
dR—|—dJ>deJ—T’Jf/(J*)ZO, (15)

then there exists a 7, given by

—c+ /2 +2c2(a—b—c
T = \/ 2+( ), where a — b — ¢ > 0,
cvy

such that for all 7 < 7, the equilibrium point E* of (5) is locally
asymptotically stable.

Theorem 4. If we set P, = (drd;)? — [ryf'(J*)]? < 0 and if E* is unstable
for 7 = 0, then it remains unstable for 7 > 0. Moreover, if P, < 0 and if £*
is asymptotically stable for 7 = 0, then it is impossible that it remains
stable for all 7 > 0.

Hence, there exists a 7 > 0 such that, for 7 < 7, the equilibrium point E* is
asymptotically stable and for 7 > 7, the equilibrium point E* is unstable
and moreover, as 7 increases through 7, E* bifurcates into small amplitude
periodic solutions of Hopf type [5, 17]. The existence of unique 7 is given by
av nmw

)+;)’ n=0,1,2---. (16)

A —1
T = —tan —
v (1/2—b
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Our required 7 is given by n = 0 in (16) and hence the Hopf-bifurcation
criteria are satisfied.

4 Oscillatory criteria

We study the oscillatory behavior of the linearized system (1) involving two
distinct delays which are different. But, so far as the author’s knowledge
goes, there are very few studies on the analysis of oscillation of model with
unequal delays. To make the study mathematically tractable, all the delays
are assumed to be equal and equal to the 1/2 of the sum of all the delays.
From physiological date, it’s not psychology, today delay is nearly 28 — 30
hours in [4], from the numerical simulation of the linearized system, it is
seen that the pulsated or oscillatory behavior is present, if the individual
unequal delay exceed from 5 hours to two days. So, without much loss of
generality, we assume that 74 = 75 = 7, where 7; > 5(i = 1,2). Then the
system (1) can be written as

i(t) = —dpa(t)+ f (T)y(t - 7).

y(t) = —dyy(t) +rja(t —7), (17)
where dg > 0,d; > 0,7 >0, f (J*) > 0 and r; > 0. We will find a set of
sufficient conditions for all bounded solutions of the linearized system (17)

to be oscillatory when the system has equal multi delays (cf. [6]). Here we
adopt the following definition.

Definition 1. A nontrivial vector u = {z(t),y(t)}* defined on [0, ), some
a > 0, is said to be oscillatory, if and only if at least one component of x(t)
has arbitrary large zeros on [0, «).

Let us define

max{f (J*),r;,1} =~ >0, and
max{—dp, —d;} = —d < 0.

Theorem 5. We assume the following conditions:

(i) ~v>d, and
(i) €™ < yre. (18)

Then all the bounded solutions of (17) corresponding to continuous initial
conditions on [—7, 0] are oscillatory on [0, 00).
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Proof. Suppose that there exists a solution v = {x(t),y(t)}* of (17), which
is bounded and non oscillatory on [0, c0).

Then, it follows that there exists a t* > 0 such that no component of ()
has a zero for ¢t > t* 4+ 7, and as a consequence, we have

()] = —dglz(t)]+ £ (J)|y(t =),
ly(t)| > —dsly(t)| +rslzt—71)|, for t>t"+ 27

Let u(t) = |z(t)| + |y(t)| > 0, for t > t* + 7. Thus, we get
u(t) > —du(t) +~yu(t — 7) for t > t* 4+ 27. Now, we consider the scalar delay
differential equation

b(t) = —dv(t) +yu(t —7), for t >t* +27, with
v(s) =u(s), set™,t"+7]. (19)

Using the comparison theorem in [6], we have
u(t) <w(t), for t>1t"+ 27 (20)

We now claim that all bounded solutions of (19) are oscillatory on
[t* + 27, 00). Suppose that this is not the case, then the characteristic
equation associated with (19) is given by

A= —d+ye ™,

has a non positive root, we say, A* < 0 and it follows from (i) of (18) that
A* # 0, then A* < 0, and hence, we have

N > —d + v

Then, |A\*| + d> ~velNIand by the expansion into series of eX for some
X € R, it is clear that e(A"+)7=1 > 7(|\*| 4- d). Thus, we get

X7 .
> lzel - > el =d,
|+

The local inequality contradicts (i) of (18), and hence, our claim regarding
the oscillatory nature of v on [0, 00) is valid. Since v has arbitrarily large
zeros by (20), which means that u(t) = |z(¢)| + |y(t)| is oscillatory implying
that Z(t) is oscillatory, but this is absurd. Since Z(t) is taken to be non
oscillatory vector. So, there cannot exist a bounded non oscillatory solution
of (17) when the conditions (i) and (iz) of (18) hold, and therefore, the
proof is complete.
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5 Examples

We consider concrete examples of the following linearized equation of
equation (1)

p(t) = —ax(t)+by(t — p2),
g(t) = ca(t—m)—dy(t), t>0, (21)

where, in equation (5), dg = a, dy =d, 71 = p1, T2 = lg, ry = ¢ and
f'(J7) =b.

(i) Weset a=1/2, b=1/3, ¢=1/3, d=1/2 and pu; = ps = 2. Then,
dr=a(=1/2)>r; =c(=1/3) >0, and

dy=d(=1/2) > f'(J*) = b(=1/3) > 0. Thus, it clear satisfies assumption
(7) and (H;). Moreover, we have

F(J) = (3/4) tanh(J) and E* = (R*,J*) ~ (1.2,1.0),

where
e (3/4)
FT) = {cosh(J*)}?

for Jy = 1 in H,. The initial functions are defined by

R(#) = ¢1(#) =1>0, and
J(0) = ¢2(0) =1 >0,
belong to the ¢;(0) € C[—2,0] for i =1, 2.

From our Theorem 2, we can show that for time delay p; = 2 > 0, the zero
solution Ey of equation (5) is globally asymptotically stable, i. e. the
equilibrium pint E* of equation (1) is globally asymptotically stable by
assumptions (7) and (Hy).

(ii) We also set a =1/2, b=1/3, ¢=1/3, d=1/2and 3 =1 ps =5.
Then, dgr = a(=1/2) >r; =c¢(=1/3) > 0, and

d;y=d(=1/2) > f'(J*) = b(=1/3) > 0. Thus, it satisfies assumption (7)
and (Hy). We denote the initial functions by

R(#) = ¢1(0) =1 >0, and
J(0) = $2(0) =1 >0,
belong to the ¢1(0) € C[—1,0] and ¢9(6) € C[-5,0].

By our Theorem 2, we can show that for time delays yy =1 > 0 and
p2 =5 > 0, the zero solution Ejy of equation (5) is globally asymptotically
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stable, i. e. the equilibrium pint E* of equation (1) is globally
asymptotically stable by assumptions (7) and (Ha).

Four figures of the final page denote the asymptotic stability of the zero
solution of equation (21). Here, we denote measures of the love of
individuals, x = z(t) and y = y(t) for the partner x(t) and y(t) at time ¢,
and moreover the vertical line is time ¢.

The specs of our machine are that

System is the Intel(R) Core(TM) i7-6700HQ CPU @2.60Hz, 2.59GHz,
RAM is 8.00GB,

GPU is Intel (R) HD Graphics 530,

OS is the Windows 10, Home, and

Soft is Maple version 2017.

References

[1] M. Akio and F. Szidarovszky, Love affairs dynamics with one delay in
losing memory or gaining affection Institute of Economic Research,
Chuo University, Tokyo, 260, (2016), 1-23.

[2] N. Bielezyk, M. Bondnar and U. Forys, Delay can stabilize: Love
affairs Dynamics, Applied Math. and Computation 219, (2012),
3923-3937.

[3] P. Das, A. B. Roy and A. Das, Stability and oscillations of a negative
feedback delay model for the control of testosterone secretion,
BioSystems 32, (1994), 61-69.

[4] P. Das and A. B. Roy, The role of four requlatory hormones in
controlling testicular function in a delay model, Math. Comput.
Modelling 25, No.5 (1997), 101-116.

[5] W. Deng, X. Liao, T. Dong and B. Zhou, Hopf bifurcation in a
love-triangle model with time delays, Neurocomputing 260, (2017),
13-24.

[6] K. Gopalsamy, Stability and Oscillations in Delay Differential
FEquations of Population Dynamics, Kluwer Academics Pub., 1992.

[7] Y. Hamaya, S. Takagi and K. Saito, On the love dynamical model with
delay, to appear.

41



42

FLFRRIC S LR 4 — fFZEEE405 (2019.3)

8]

[9]
[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

X. Liao and J. Ran, Hopf bifurcation in love dynamical models with
nonlinear couples and time delays, Chaos solutions and fractals, 31,

(2007), 853-865.
J. D. Murray, Mathematical Biology, Third Edition, Springer, 2002.

S. Naoyuki, I. Sinka and M. Taro, Analysis of mathematical model for
divorce, Research Institute for Mathematical Sciences (RIMS)
Koukyuroku, Kyoto University, 1887, (2014), 8-17, Japanese.

S. Rinaldi, Laura and Petrach: An intriguing case of cyclical love
dynamics, STAM, Journal on Applied Mathematics, 58, (1998),
1205-1221

S. Rinaldi, Love dynamics: The case of linear couples, Applied
Mathematics and Computation, 95, (1998), 181-192.

S. Rinaldi and A. Gragnani, Love dynamics between secure individuals:
A modeling approach, Nonlinear Dynamics, Psychology and Life
Science, 2, (1998), 283-301.

S. Rinaldi and F. D. Rossa and F. Dercole, Love and appeal in standard
couples, Inter. J. Bifurcation and Chaos, 20, (2010), 2443-2451.

S. Rinaldi, F. D. Rossa, and P. Landi, A mathematical model of "
Gone with the Wind”, Physica, A, 392, (2013), 3231-3239.

S. Rinaldi, F. D. Rossa, F. Dercole, A. Gragnani and P. Landi,
Modeling Love Dynamics, World Scientific, World Scientific Series on
Nonlinear Science, Series A, 89, 2016.

W-S Son and Y-J Park, Time delay effect on the love dynamic model,
preprint arXiv:1108.5786vl, 30 Aug, (2011), 1-8.

J. Sprott, Dynamical models of love, Nonlinear Dynamics, Psychology
and Life Science, 8, (2004), 303-314.

S. Strogatz, Love affairs and differential equations, Math. Magazine,
61, (1988), 35.

S. Strogatz, Nonlinear Dynamics and Chaos, MA. Addison-Wesley,
(1994).



In the case of (i)

2
¥t} -4 -4

x( 1)

Figure (i-1)

The phase space of (i)

2-
y 14
-2 -1 0 1 2
X
_]_q
_2-

Figure (i-2)

Love dynamical model with delay

43



44 FLFRRIC S LR 4 — fFZEEE405 (2019.3)

In the case of (ii)
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Building a simple and low-cost integrated management system of
sample storage and measurement data, Il

SILmEE (ELERKRZ FHRLEE 42 —)
Tadahiro Hatakeyama (Information Processing Center, Okayama University of Science)

In this study, we discuss and introduce a concise system for the
sample and data managements in a small laboratory. Following the
last report, here we show an example of implementation of the system

with open source softwares and Microsoft Excel.

1 [XFC&HIC

W EDOT — 2 OFREENFRE & 72 o T D &I, MES OBFFEER CILHIE CHEBES
ONTAET —FDHRLT, BREZOLDICONWTHEMORIENRDOEND L H 75
TEm0, %m2&~2%£%@%%ﬁéfﬁé\ﬁ%¢-ﬁ%%@%ﬁﬁﬁﬂ%ﬁﬂ%
AIREZRRAE CIRE T 2 7 DITIIFE =R L R EE OB CHBIIRE O W RE S AT A0
RKdDoHLDH, Ll \&<®ﬁ%§Tiﬁn$% FNTFDY Y —ADORBEBAICHE 4
BIZH <. FREI>THRNVONRBRTHA 9,

ORI BRBRIC—AZHE L D5, EEORBE 2INIBWT, K¥P5 B RE RO
RETH T 2B (7)) LEREHNWTELNET — 2 %250 MEEHY
AT NEMBWNAERT 5 —FIEIZO W T Ui, £ 2 Clk, HERBFEO L2727 1 —L
R A 22N LT, A b eSS TRE (7)) iconT, %
T BEGEICAER - R S e TEBEEH L/ EOREIC L > TR [5F—4 )
RS TEHT 270D FELZELE L, fMRE LT, Ol 2R EEE Y 7 11,
QREHREEN T A MR EBIOBERIZT 7 B AT 5720 Web EICHEET HT — X _X—2
(R—Lb_—=) OFREEE - HIEMEREURHE MG LB THRAICERT 2 7 L,
WZaEIL, 2B ZHWTHRAMICERT 2 O EME EFIEE, SOICHEORS S %
EZTHYETHD R, TOHh, VAT LAEBETHICH T > TR b L fiiHIC
MAOHL—AARNTTELEIF—T LV —ZDELDORFERY 7 N = T EEFIHTX 7
W L, BRI ORI Z BT 5 2 LN TEX 20T, SEIFXZ OHE L FEIZ S
Wi L %,

*Corresponding author: [Tt X3 KHT, hatake@center.ous.ac.jp
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2 7Oy FOER

ZDOEDREIH A ERL T DT OO~QDEH B EZUTO LI ICEE L, WTFilbA—7
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