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BETE ML S [ HLAER A FR AR A Ap TR B RO ALY

HE R et e RET

OEFERYCBBILIL=E (https://bioinformatics.cs.vt.edu/)
O HAHIE-Cellitkll (http://www.e-cell.org/)
oI THYSIBIASIAT (http://www.isb-sib.ch/)
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1 51+SQC—1>53,
2 530—2>51+52,
3 530—3>52+S4.

Michaelis Menten

o NFE X(t) = (X1(t),...,Xn(1))
o RNIREFEEE aj(x), RIERREZERIRIE.
o KEULEME vy, v1 =(-1,-1,1,0).

o E—HEMS dt N, REL j REBIMERA a;(X(t))dt; —
B j MREEE, KERET X (1) — X (1) +v;.
o X (t) — Markov BkiTiE.




SSA: Stochastic Simulation Algorithm

xR ERTE (CME)

6 M M
FP(@:t) = Zaj(w —vj)p(x —vj,t) — Z aj(z)p(z, ).

1&EHEIE: SSA (Gillespie, 1976)

Q HE t MRIVKE X (1), HERMEREE o; (X (¢) A
B a0 = Z]]Vil a; (X (1))

Q EMBHA a0 MERSHMEINESR 7, AT —MREHIFFEEIE.
Q EmM [0,1] XE EMARHHEHNEE u, 3 KES,

—1

o

a;(X (1)) < uao < 3 a; (X (1)).

1 j=1

<.
Il

Q TR EMALRE X (6 +7) = X (1) + vk




Il. Tau-leaping &%

o IRES
Yucheng Hu, Tiejun Li and Bin Min Local truncation error analysis of
tau-leaping methods: revisited, submitted to Commun. Math. Sci.

o HFEET
Yucheng Hu and Tiejun Li, Highly Accurate Tau-leaping Methods with
Random Corrections, J. Chem. Phys., 130, 12., 2009.
Yucheng Hu, Tiejun Li and Bin Min, A Weak Second Order Tau-leaping
Method for Chemical Reaction Systems, In preparation.

o M%) &R
Assyr Abdulle, Yucheng Hu and Tiejun Li, Chebyshev methods with

discrete noise: the T-ROCK methods, J. Comp. Math., 28, 195-217,
2010.




Tau-leaping (Gillsepie, 2001)

JEFARR IR B)HY SDE

ZV] (a;(X—)dt).

tau-leaping: X 41 = X, + Z v;iP(a;j(X,)T)

bS5

| SSA }—b| T-leap }—b| CLE }—b| RRE |

RMK, AR




Tau-leaping BIUZEL 4 (Rathinam et al., 2005; T. Li, 2006)
o BEMULH: E|X, — X4, |*> < Cr, 7 = max bt.
o F5—Res: |Eg(X,) —Eg(Xy,)| < Cr, 7 = maxdt.

y

HEdi# tau-leaping &=

© 3 tau-leapingt&3\ (Gillespie, 2001)

M
T
Y :Xn+ §Zujaj(Xn),

j=1
M
Xpp1r=Xn+ Y viP(a;(Y)7).

j=1

@ ;A Runge-Kutta #&3, (Burrage and Tian, 2003)
Q ---




55 Taylor R FF

THNERTT: Lg(x) = Zj\il aj(x) (g(m +v;) — Q(ZC)>

8§ Taylor BH: Ef(X(t + h)) Zhn]E/:”

ETAEERRAIXE (ODE, H#RH#4, SDE, S-1)

e

LOf = aia;f7 + ajal f + ajal 9.

. LV
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BEMEST

o H & tau-leaping #X X FHIE LN ZMHBAE.

o s-Z%;AS Runge-Kutta M ITHIZERE 2 MHER, My =M
EEE 1 MERE.

Yucheng Hu, Tiejun Li and Bin Min, submitted to Commun. Math. Sci.

B REBIRITE M IEE RIER?
o PEHIIRIENES, MEAERFAZEZMIBSR.
Yucheng Hu and Tiejun Li, J. Chem. Phys., 130, 12., 2009.

o BMEKIEWN, XEMIE_MEE.
Yucheng Hu, Tiejun Li and Bin Min, In preparation.
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M
Xn+1 =X, I Zl}j(’l“j + f])
j=1
= B BEHLIE tau-leaping
Q F=HHMBEHER v = P (¢;(Xn)7). non—=rn
Q FEBHMNER, T T
T M T a
Ep[7;] = 5 1921 TENjk 5 n]§<o (E—:rj - 'rak> Njks - " Far
7,2 M
Vemgling) = == > aklnjrl .
i SERB AN £
© FEHBETE ¢, + 7 MAFERS — A
Xpp1=Xn+v-(r+7). - '




BIRIES

f&4 7 D. Anderson and J. Mattingly, A weak trapezoidal method for a class of
stochastic differential equations, 2009.

a(x) a(x(v)

a(Xys) aXyr) [P a(Xtn)

a(x’)

(@ ®) (0)

BAFZRLIE tau-leaping
. o _ 1 _ (1=02)+62 ., R
MFEE 6 € (0,1), $a; = A=0ye Y2 = “3a=0)8 - BE X, BOTAHARUE X g1,

M
i, X' =Xn+ Y v;Pa;j(Xn)0T),
Jj=1

S

2. Xpp1 =X+ ujp((alaj(x*)—a2aj(xn))+(1—9)r).
j
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Michaelis-Menten

1 S]_+Szc—1>S3’
2 5352—>Sl+52,
3 : S36—3>52+S4.

c=(1x107%0.5,0.5).
a(x) = (c1x1x9, C2T3, C3T3).
X = (1000, 200, 2000, 0).
R HEL Y Bt 8] X 8] A [0, 6].
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I e) @ 5 B2 = tau-leaping

AX(1) = Y via(XO)dt+ Y v, (Pla(X(1)d) - a; (X (8))dt)
= F(X(@))dt +dQ(?).

23X tau-leaping (Rathinam et al., 2003)

Q BTE t, MRAPKRE X (tn), HERNMERERL a;(X (tn)).
Q FHEIAMAHMENER Pla;(Xn)7),j=1,2,--- , M FitE

Q)= 30 (Pa;(X)7) = as(Xa)7)

j=1

(s It wip

Xnt1=Xn+ fF(Xpnp1)T +Q(Xn, 7).




Chebyshev 7%

ODE : Lebedev, 1994; Abdulle and Medovikov, 2001.
SDE : Abdulle and Cirilli, 2008; Abdulle and Li, 2008.

Tau-ROCK (i#i[a) tau-ROCK)

BT t, HRIERE X (tn), EE—DLEXBTK ot

ERBE K w
Ko=Xn, Ki=Ko+7—f(Ko),
wo
K = 27w Tj*l(wO)f(Kj,l) + 2wp Tj—1(wo)
Tj(wo)

Tj—2(wo)
—————K; o,
Tj(wo) ~’

j—1
Tj(wo)
j=2,...,m—1,

T, Ty
Ko = 27w ————— 1(WO)J"(Km—ﬂ4—2¢A1071(W0)
T (wo)

Trn—2(wo)
Tm(wo) !

—2
T (wo) "

M
+2 v (P(aj(Km71)7'> = aj(Km,l)r).
j=1

EHRLGRTE ty, + 7 FURA X, 41 = K. (Assyr Abdulle, Yucheng Hu and Tiejun Li, J. Comp. Math.,
2010.)




HELSR

c1
S+ E — ES,
Cc2
ES — E +8S,
c3
ES — E + P.
v
tau-leaping tau-ROCK
5t BT E2HE Teff.d Teff,s BT EHE
c3 =10 0.15 300 0.0833 0.25 180
c3 = 100 0.05 9000 0.0313 0.25 180
c3 = 103 10~° 4.5 x 10 0.0086 0.25 180
cg = 10% 2.5 x 106 1.8 x 107 0.0024 0.25 180
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SSA tau-ROCK 8 tau-ROCK
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Boosting

REREE

Boosted iR & Ei%
Yucheng Hu, Assyr Abdulle and Tiejun Li, Boosted Hybrid Method for

Solving Chemical Reaction System with Multiscale in Time and

Population, In preparation.




I 11
J———— KA TR, AHITE KA TR, WIPE
R 2, ﬁfq’ = ODE QEA ODE
RERL: ZF, WFD % CLE st T OE

R -1 Rl T-1

= eap eap

kY I3 ‘]R( ________________________ -
RRI5 T4 ) ”
: ks
DNA, RNA: 1, 10 YT AR NPT B
&Rk 10 SSA QEA
NGF: 10°
1 S

IBEE% BT Haseltine & Rawlings B9E35% (JCP, 2002).
LT ASIEIL: Slow-scale SSA (Cao, Petzold and Gillespie, JCP, 2005),
nested-SSA (E Weinan, Liu, D and Vanden-Eijnden, JCP, 2005), boosting.




42 = f(z,y)
1 — .
{ 7 = (y— o). d ’
Boosting (Eric Vanden-Eijnden, Comm. Math. Sci., 2007):
e=107°% — ¢ = 1073 |
S1 = 52, o ‘
si = 52. ¢ = key, § ARRRL, & < 1.
1 4 1 AT
;/0 a;(X(s))ds ~ —/ a;(X(s))d )\T/ a; (X (s/\))ds |

ER Slow-scale SSA FA Nested SSA #HEk, Boosting SEEEE /7 1&E. J




A. Initialization

)

B. Hybrid Monte Carlo

Partition reactions into
critical and non-critical

groups. Using exact Monte Carlo

in critical group and coarse-
grained Monte Carlo in non—
critical group.

C. Monitor

Scale
separation
exist?

{

D. Exit

Quasi-
equilibrium
eached?
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Si1+Li =Sy + Ly, Sy =853, L1 =Ly, L1 — 0. J
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SRR AY )RR

0 — A,
A+E — EA|
EA —- B+E,

B — 0.

0 — A,
A — B,
B — (.

Yucheng Hu, Assyr Abdulle and Tiejun Li, In preparation. )




IV. FERERYEH R LB N =

A1EE: RRHE, FHRE, 718, S8R, KEX )

=M 4R

o BILLF RAIIEE
ZRIRSE AR

Tiangi Zhu, Yucheng Hu , Ziheng Yang, Dexing Zhang, Tiejun Li and
Zhiming Ma, Efficient Simulation under a Population Genetics Model of

Carcinogenesis, In preparation.
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R H: FEREREHREL R N F

o EER—MEFRARE. EEMMAEKIHIE ;‘:,:"“"
HIBIE, TIRERARNIS IR S .

o K& (10° ~ 109) HAmEE RS IE (JL+ Cell with 1
) MR mutation
,ﬁﬂcl_%zﬁa““‘;ﬁu S IEUREN, BRI% AR SCHOBEIK

RIS FEZE. Cell with 2

mutations

@ Beerenwinkel et al., Genetic progression and
the waiting time to cancer, PLoS Comput. mutations
Biol., 2007. (cancer cell)

Cell with 3

@ Durrett et al., A waiting time problem arising Ashkenazi et.al, Neoplasia Vol.
from the study of multi-stage carcinogenesis, 10, No. 11, 2008.
Ann. Appl. Prob., 2009.
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TELARE! (Moran &)

Z[E NHAEE R AIEHE, $2BR
THBBMES A 0-2, 1-2, ...,
m-%, MR 2H 0-F4A/.

HETFESEA 1 MIEN S A
8], PRI HCRTARARERIK, FhemRAT s
BN S BTRYRHA T UL R

#H s; AINEPEMERK.

-FRMBPLURR 1 REA

(i +1)-%.

YRR PHIME - m AR
FEREF=HE.

15 i [y A 2 A A

RGURTS:
X(t) = {xovxla"' 7wm}: T R

mi-FERRYELE,

X (0) ={N,0,...,0}

KNI -SR-S A,
ajjr =580 Tj0 ] Y1 SITL,

ij’ = é.j’ = gj.

RBL: - MR, as = piws,
vi=2=¢+1 —&.

Mo = irtlf{a:m(t) > 0}.
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0.1

° °
=3 e I
8 = B

relative frequency
°
°
3

0.04

-©-ssA
—B- hybrid

relative frequency

-©- asymptotic
ybrid

ZERE T, MGITEAELE, £: N =103 A: N =10°.




WESR: WX

SHEERT 8]

N=10) N=10* N=10° N =10°
SSA (sec.) 6 111 1595 19414
Hybrid (sec.) 5 19 46 83

N=10®> N=10* N=10° N =106

SSA 3.13E-3 3.67E-4 4.46E-5 5.45E-6
Hybrid  0.0108 0.0104 0.0102 0.0101




HELSR

BEREFEMERTREFHIMA A LE, BRP LB LLH)
iR R T B Bl A ) HE T




o KE—EX tau-leaping FiAHNIRE ST LE.
o &It T S ETMEA K EAEHEN K EMESHEERER.

o ZX T H Chebyshev 75 3% 3K BRI 4 8] &5

o A TEEBENISER Boosted SEEE £, BEE UK
fRERS % RE (o] 70.

o ARG EZS MR T KRR ERE B AE L 3h

FHEEL

LGl

B3CFA ppt ATLAM http://dsec.pku.edu.cn/~huyc/ ETE.




