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AV RGUER T, 20 FARSA EFEN RIAR LR < &R, R T e

KAk
XTHEMHRRAN T, RANFPIRESL=FEN R KA, B LLR K pean
N H T TR A |

Xi

E = X = fi(xl’ o Xy Pt Py t) i=1 ---,n

RXEXERA R, WIKE; o i, BRI w5 GRoRiTa .

dx

5 RFEIE —
dt

=x = f(x, p, t)

=, x = (x, -, Xn)T,f = (f, -, fn)T, p=(p, - p.)To

flan. ACUTEA T, R, KA IR T SE PRI, W n] ARIR ik

frEELE “n = kv
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DX} =20

RE#F:  —250; —2>H,0, —=—>H,0

SOD
dgz_ ~¢,—C,-SOD-0;
EX NI PR =T 1 an ct)
L#=CZ-SOD-OZ“—CC,,-cat-HZO2

A4 5N

%:a—bx

dt (:,H\:EI:" X=Ozo_’ y= HZOZ’ a:cl, b:CZ-SOD’ C:C3'Cat)

y

— =bx-cC

dt y

& ZHUH -

c1=6.6><10‘7, c,=1.6x10°, ¢, =3.4x10", SOD=10", cat=10"

FIE%E: 05 (0)=0, H,0,(0)=0
S EiY T At LA PR R BB AR S RIS .
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e W TR

KT — 2w (FIanE et B F RN E s 5 (ODE) , & FR AW
S FE (PDE) .

oDE:  F(t, X, X, -, x™) = 0; (x=x(t))
wRopE: X = f(t, X, X, -, X"P); (x=x(1))
ODERIIM L, Hf s FENRIE .

KA T R0 T3 — ik AT e 2, A 2 T ) T AR

Wi AT S H RS BAHED MERK— .
BRI BIRFE A OISR LTI e TR M A
NS EIY 5 BRI R
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P s

KREIFEE

RGURES W —HARERKERIE, N RFGHPRELE

RGNIREZE, FERE—GENBNZI—4HEM, ARGH—H (Phase) .
KRG E W RERPIRESHE S, FOVIRESZ R, WA= E .

MArAREREHN, SRS R HI4EEL

=20 PR, FOYR AE—AF B3R, W8 AEFIE (Phase Plane)

—MODE&RGE x=f(x,p, t)HUHrME, v LLEL T E S EBUEpMIYILE

FAEX(,) = XCHARE, T —INMRERN BT IR A [A) H  — 25 I
WM, WEZKMAXx=0 (x, =0, -, x, =0)I&, XNTREMEE,
fEfRASY,  n il RS T, AR MEUT R TR .
SRR AT REA 2, XN RFEZ A AT REARAS .
ZHPHISAL, FRESEASEH B FHERI B, RO RSERIE] .
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Do sy I R

wlan, R 24E 0 — B 2 Va0 T R

(Xm

E =apX +a,X, +4;
<

-Qi—a +a,X+Z
dt 1% 22 2

A, T R G A B AL, T DA R e R At
X= AX + Z
G A=(a,), RFTRAINEN, Tl REGERE.
B 2= (2, 2) SSTAER I, #7 — 0, T e RGN,
B RARTTIM e o 2 pte e, TR

EIRSEBR IR, R BOE A2 AR YRR, (HEME RS VAR R Gt fa s
P AT, e RE ., ARHE AT .
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Do 27

-

dx,

E:aizxz
pln, fafpdrERg |

o

ot

rxlzéei i (1+e2ij??)cl—%ie‘i i (—1+e2i@) a,,C,

X, = ——e el (1+ eZiJ@)C1 + %e‘i 2! (1+ ewﬁ)c2

2./a,

o #EONC,, Cyo IR IERa,=1, RGN

x, =C,cost+C,sint, x,=C,cost—-C,sint
feEWIaEEA T x (0)=2, x,(0)=1 154N x =2cost+sint, X, =cost—2sint

fig P BT ] 3 A A AH P T A B 3E i s B s
AR
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Do 27

(a) Time course (b) Phase plane
2 oL
X
. / N
><N
- = X o |
><1_ 0 / 2 > O ¢
-1} -1}
-2+ -2 L
0 1 2 3 4 5 -2 -1 0 1 2
Time, a.u X

© 2010 Wiley-VCH, Weinheim
Klipp - Systems Biology
ISBN: 978-3-527-31874-2  fig-02-08
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Hi6 &gt gt

MR RGBT, AREFEL WIRRGE L BE (Autonomous) H, BIF

HUAZHONG

X = f(X, p)
A E X = (% p, 1)

WHER, HGAAREIBH CHRWRRRSHEZIER) .

T EEFRG, ERGRSHET, TR LM, & RGNS
RIS, A

X(t)=X+x(t) Himg x=f (i+>2(t))=%(i+>2(t))=%>z(t)
SoF i 25 PRI S AR AT R ) R T %f(i(t) = HG+X, o X X))
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e 1117 R

[ n
n
d A . afl A . L A
EX' =) —X; =) X
i1 O, -1

HA R a; =04, ERESHZ], BHE, FRvJacobianffifE:

oa o o

X, OX, OX ‘

of, o, o, M FAME RS, e Al LR
I=fal=| & x| o, HARBOERE, A

of, o, o J=A

oX, 0%, X
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03 % T-ODE &4 11

X FHODEFIRTI RS, FATFEX RN BURME: (1) RAHEEEA,
(2) REWIRE.

SR IEODE R A FaAS:
A x=0, H x=Ax+z, L, AX+2=0, |Xx=-A""z
FREMHODE, n]ULHTEE R ECR . EHFEHER n=1 F T, A:

dx,
o Ak

RAIEESL x (1) =he™ MRALmMIR, A ble* =a,be”
WP 2= ay,, W RS, TRARI% R X, () = be™
NT TR, UAHREVIEFME x (t=0)=x =be™ |_,=b, FIt, FEHN:
FrEZLY X (t) = x/e™
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@ TS MEEM (stability of steady state)

RPN ARGLE TS, WA URFERSERT NI L. RIEHNEIEH
118, RSN LR

O faE /) (stable, K% AT LLR EIXARE)
O JEfa%E M (unstable, R EHXARE)
O f2 2 (metastable, ZR 4147 & T2 Hlindifferentfr))

WA FIARES: XN RS, WRLLVEMIEFPIRES WIGEFAE, WS RS
fift, TEt—eolf, A TIZARRS, FEUFRZAR IR 2t (asymptotically) 2 € 1.

RS IR RUE PER & R e vE: R e Ve R fa MBI Z JE IR GAT N, T AR A
MR IREEIBIZ ARG HAT AN,

FRAWTEARRE A E TR WERAERRAS L, Zlbfbiy Rt ODERYE R ELAR R B
RFOEAE AR A ™4 A s, Mz A2 WA e 1 o

NHE S 4EA AR R S8, HER RS RIRR e 1.

W 2 w
&
Vi o N
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Do — 4R

T MRS, Ak—fidk, wRad7E0s, B X =0

ARG % = f,(x) BMAEH * = (0f 1ox) |, x =a,x, HERTHAEREA

A={a,}, FAME—HHREEL =a, RERBIHZX () =xe",

AN, A > O0n, e MR EtMmIE K, REuwEERIEE O

M4, <O, e™BENAItII, At — ofif, x(t) > X , B RGuH##EE .
M4 =00, XNE&MRFARHELE, AL UHER R ZRS TR e,
I, R EEE M I EIfE .
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Do “HRY;

C—t(x X
WTERL, S ApAR. 0 200
X, = fz(xl’ Xz)
HZMAL RGN
LA T o | of,
X, |, OX, |, . ox | ox |
Xlx 2 Eﬁ X = Xlx 2XX:[a11 alz)X:AX
AR A AR 8, A
2T 5 X x| o
&Xl X aX e X1 X X2 X

FORARVRFEAR, 5 2 LR 1R 22 IO AR

: - (a11+azz)ﬂ + a8, —a,d, = 0
%/_/ \ J

A Det A

TRA: A,= TrA \/@—DetA

AR
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Do “HRY;

XF2YE RGN E, AR AR L FRRAEE I AT S, T RAT R X LR O

1.2,<0, A, <0, &YLH, FE M

2.2,>0, 2, >0, &R, DIRET A

3. 4, >0, 4, <0, & LHL, e, AFIE;

4. Re(4)<0, Re(4,) <0, 2 NEHBAEAG 7SLHES, AE M
5. Re(4) >0, Re(4,) >0, & NEEHHEAELAIESLE, AR ;

6. Re(4)=Re(4,)=0, ENREHEAELAEIHT, Hom, MMaE

AR
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A>0,A,<0, real:

unstable saddle

X

TrA

A >0, A,> 0, real:

unstable node
4Det A=(Tr A)2

Re(A,) > 0, Re(A,) > 0, complex:
unstable focus

t Re(A,)=Re(),)=0,
complex: center

77N\

Ay>0,A, <0, real:

unstable saddle

© 2010 Wiley-VCH, Weinheim
Klipp - Systems Biology
ISBN: 978-3-527-31874-2  fig-02-09
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= > Det A

Re(7,) < 0,Re(A,) < 0,complex:
stable focus

Ay <0,A, <0, real:
stable node



W MRS FRGRE M T % R

O aUR&VEN R GRSt n, R RSS2 dt i e 1

O WRE M RS RIRES 2R AT B E R, R ARSI
SN TEER

O i RE M RG RSO, R KRGS E A A E A E .
Routh-Hurwitzg #: Xf T4E5in>2f) %48, HODE R4t L2 W7 HE 8-
cA" +¢ A + - +¢A +¢,=0

X—n 2R 4n>467, 54N, B0 LLAHHurwitzA 95, HI W AR EE
FISEE & o, il R @ Hurwitz 56 [ .

P I S 2 IR 1 T R B

H - 0 ¢, C.; 0 (h} with h _{cmizw if0<2k-i<n %ﬂli’ﬁﬁﬁiﬁ‘]ﬁﬁﬁﬁﬁji?fﬁ%ﬂﬁ
0 ¢ ¢, o| U™ * 10, else IEME, WRHIE 2 I 7 2 1 B
Lo O - A AR B SIS ER AR 2 7K

W 2 w
3 ¢
Vi o N
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Do Fadshy 4R R o

TR —ARES,  WERX T PrE B0 IG 261t PULERREE TIRIRA,
NIFRIRS A RfaER] . —1ODERGRIRAESH & mAaE M, v LLHLyapunovef
KRG
Q) B ARARAR e, KRS RIS SR =X-Xo
(2) FIREA TRR R FriELyapunov RV, (X, -+, X,)
DV (%, % )R T I AR X A IE LK) S 2L
e V) =0 i =0
2) V(X0 %) T2 {VL(XU---,Xn)>0’ sy %0
3) VB TE ) B R a0
AV, OV oV,
dt & ox dt _,Z_ll OX fix,
WA, XF—IRE,
AN SRAEE R,V (x(t)) RIS T3 oA 1B, NZIRES AR E /Y
INSRAE S BIAERA,  V (X (t)) PRI TRI R 23 = 47 119,
" Mg =0, 4x =0
M <0, Hx =0

X, °”’Xn)

» MR GHEZARS R AR E 1 .
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Do 27

s X =X, =0 RHFHREN.

FIAIEE IR V, =x2+ x5 {E ALyapunoveg £, =] DL T HIK 4 Rifa e

.jﬂ’dv%lt = ( Laxl)xl"'(av%xz)xz = 2X1(_X1) T sz(_xz) e TERT,
BT, BRERAE x =x, =0 E4RREN.

AR
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e BB

WAAT A — A I G 5l IR B PR AT BEE MY, R AE R
NFRA o WA T A AFEAR IR I, IR B R A7 AE AR A AR S IR .

BRI — DB EIEIE, KT toeo, BrE 4RI FIENIEAS 2 R IAM, &l (R
D WPRIR, Buns CRFREr) R,

B, XTT—A24EMAELRPE RS X = XX, — X, X, = p—X'X,, AL
Wik p=0.98, MM aEE RER, FATrA=1-p*>0.
FERIUR 55409 x,(0) =2, x,(0) =1 IF, % ZR Sefit i I TR) I A AN AR~ i 4 B s

=p, X, =1/ po

el

(@) Time course (b) Phase plane
X. 2.
2t 71 / 2
15 F
1t X' 1
X N
05
O i ] | | [l | | [l 0 | | | |
0 10 20 30 40 50 60 0.5 1. 1.5 2.

Time, a.u.
© 2010 Wiley-VCH, Weinheim

Klipp - Systems Biology
s ISBN: 978-3-527-31874-2  fig-02-10
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Do ARG

RS E X=[X, %, %]

Ry J7 - %zfi(xl,---xi,---xn) (i=1-n)

FTiiR I R85, AR RTE: 0<x () <o  (Vt20, 1<i<n).
WEARAEEHM RGN “BRRGE” .

KRGAH T K-

@) XHEREI, Hx>0Hx =08, Af (x)>0;

(2) £4EM, >0 (i=1,---,n), HHEXMEREI, Hx>0Hx > MK, Hf(x)<O0,

I Eh B3R ooy T R B i ) 2R SE AR 9x(0) = X, > ORI &2 E IR ok o

NTHERRG, W LAE RG22 /0F — A 1B P mix = x*, R 2

f(x*)=0 (i=1--,n)
I, 208 P HT ROE N N T A R E AV E IR .
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HUAZHONG

M T AR
MTAMBATRA D =Ax x(0)=x
WIER R EGE AN T I TR, BU2 W R Ji 12, B 5835 R SR g E T
HAETT LR A X() =X,

1R SR O FEARCRE T I TR], - DU — AN B R i =i

WA S IR T RERInAN TS O (1) (i=1,---,n), WZJ7FE2H 13 A

0] DLRIR BOE M (HFRAEA I R D A G

X(t) =c,X (1) +---+c x (1), Hr, c AFEE.

AAAAAAAAAAAAAAAAAAAAAA




W XPPAUTH 4 A1

AN
0

X-Windows PhasePlane
plus Auto

XPPAUT is a tool for solving

differential equations,
difference equations,

delay equations,

functional equations,
boundary value problems, and
stochastic equations.

XPP contains the code for the popular bifurcation program, AUTO . Thus, you
can switch back and forth between XPP and AUTO, using the values of one
program in the other and vice-versa.

%«’7 )",: j‘_‘ﬁ $F http://Aww.math. pitt.edu/~bard/xpp/xpp.htmi

HUAZHONG AGRICULTURAL UNIVERS! iTY


http://indy.cs.concordia.ca/auto/

XPPAUT A4

XPP has the capabilities for handling up

O There are over a dozen
O Up to 10 graphics windc
O PostScript output is sup
O Post processing is easy
data.

O Equilibria and linear stal
O Null clines and flow field
O Poincare maps and equ
O Some useful averaging:
O Equations with Dirac de
O There is a curve-fitter be
dynamical systems.

O It is possible to automat
attractor as some paramet
O Dynamically link to exte!

XPPAUT is I

F¥IE2% \

to 590 differential equations.

s and a symplectic solver.
ted.

ns to columns of your

re included.
ts to the solutions to

‘ametric changes in the

s, iPad!)

HUAZHONG AGRICULTURAL UNIVERSITY



VRN

o XPPAUT A1) 45

T

HPP :>> Tlinear2d.ode

Oir.field flow
Windowszoom

Graphic stuff
ndmerics _
Fi]_E' :_: ......................................................
IFarameters
Erace
Makewlndow
Text ,etc
Sing pts
WiEwaxes
“1 ws t
[Festore
Ad—-params
Brdrywal

[Parameter?

[ | ]
Parameter sliders
Take snapshots of the screen  HINES

FErEXLE
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. XPPAUTH 44

Equations Data Viewer

el Equation window Find  Restore] Firstl [De |  Pale]  Left]  Hone

et | Mrite | Last |  [Dowr| Pl Pigkt| End |

it I T=Frei+ Dy Replacel Load | Drrepl]l [ablel  Rdd co| [Del cof
" A T=Coe+ DY

Find clozest data point to given walue

Parameters k | F | |
lefault] Cancell E‘ 0 1 0

ap 0050000001  0,9987503  -0,04997917

bl 0,1 0,9950042  -0,09983341
o 0,15000001  0,9887711  -0,1494381
I 0.2 0,9800E66  -0,1986693
0,25 0,9609124  -0,2474079
Parameters 030000001  0,9553365  -0,2955202
0,34993399  0,9393727  -0,3420978
040000001  0,321061 -0,3894183
Initial Data 0,44999993 09004471 0,4 343655
Default] Cancel] Gl 0.5 0, 8775825 -0, 4794255
055000001  0,8525245  -0,522B872
K 0,60000002  0,8253356  -0,5646424
v 0,64993398  0,7960838  -0,6051864
T 0,69999999 0, 7E45427 ~(1,6442177
Initial Data 0,75 0,7316889  -0,GB16387
0,50000001 06367057 -0,71735EL
0,85000002  0,6593832  -0,7512804
0,89933398  0,B2161 -0, 7833269
(1S4 900990 I w21 ;ﬂ_E'12.-1'1F\.F\.

Data viewer

[ B} Ho

At ESX
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kN

0 | XPPAUTH# A4

AUTO A H

A s~

Farameter

0,25

= il
=
m
i}

=
5
=
=

umerics

LEERE]
T L) }E

H
=
3
%
el
Pa
&
=
g%

[y
5
w
o

=

sr period |

M
—
m
]
3

5
m
=
=
1]
£

Bifurcation " Limit cycles
Diagram

T -
(= -
o —
| i
=

Stability

0,5

=
o
51
|
PRt
]
L]

Br Pt Ty Lab I phi norm Y period
1 1 EP . q 0,333 0, 4356 -0, 4956 ]
Point labels

| Grab a point to continue from Hints

FrELLE
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o XPPAUT A1) 45

# the lorenz equations

31 N » # with some fancy graphics options
*%@jzﬁﬁ$1ﬁu X':s*(_x+y) yorap P
Y'=r*X-y-x*z
z'=-b*z+x*y

par r=27,5=10,b=2.66

init x=-7.5,y=-3.6,z=30

# now add some projection planes for 2D plots
aux x2=xplane

aux y2=yplane

aux z2=zplane

par xplane=-35,yplane=60,zplane=-10

# set up the numerics

@ total=50,dt=.02

# set up 3D plot

@ xplot=x,yplot=y,zplot=z,axes=3d

# tell XPP there are 4 plots altogether

@ nplot=4

# here are the 3 projections

@ Xp2=x,yp2=y,zp2=z2

@ xp3=x,yp3=y2,zp3=z

@ xp4=x2,ypl=y,zp4=z

# set up the 3D window

R @ xmin=-40,xmax=18,ymin=-24,ymax=64,zmin=-12,zmax=45
/%/[:\‘%Z‘n& TEI’I % @ xlo=-1.4,ylo=-1.7,xhi=1.7,yhi=1.7

# and rotate the plot a bit so it looks nice
@ theta=35

done

FErEXLE
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W XPPAUT# /4]

Z) ) fAAR

# animation of double pendulum -
#

# frame it
permanent ®
rect 0;0;1;1;$BLUE;3
transient

fcircle .5;.5;.025:$BLACK

# here is the base

line .5;.5;.5+.2*sin(th1);.5-.2*cos(th1)
line .5+.2*sin(th1);.5-.2*cos(th1);.5+.2*sin(th1)+.2*sin(th2)\
;.5-.2*cos(th1)-.2*cos(th2)

fcircle .5+.2*sin(th1);.5-.2*cos(th1);.04;$RED

fcircle .5+.2*sin(th1)+.2*sin(th2);.5-.2*cos(th1)-.2*cos(th2);.04;$GREEN
end

FrELLE
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