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Deterministic Approach

Initial value problem based on the reaction:

Np{z—ﬂ@—vww

le(to) — Xy

Here z(¢) is a unique deterministic path based on the initial
conditions and mass action kinetics.
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Probabilistic Approach

Probability that the jth reaction will occur once in the next
infinitesimal time interval [¢,t + k| is approximately equal to a;(z) h.
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Probabilistic Approach

Probability that the jth reaction will occur once in the next
infinitesimal time interval [¢,t + k| is approximately equal to a;(z) h.

A random number r for each reaction is chosen
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Probabilistic Approach

Probability that the jth reaction will occur once in the next
infinitesimal time interval [¢,t + k| is approximately equal to a;(z) h.

A random number r for each reaction is chosen, and if a;(z) h > r
holds,
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Probabilistic Approach

Probability that the jth reaction will occur once in the next
infinitesimal time interval [¢,t + k| is approximately equal to a;(z) h.

A random number r for each reaction is chosen, and if a;(z) h > r
holds, then we assume the reaction occurs during [t,t + h]
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Probabilistic Approach

Probability that the jth reaction will occur once in the next
infinitesimal time interval [¢,t + k| is approximately equal to a;(z) h.

A random number r for each reaction is chosen, and if a;(z) h > r
holds, then we assume the reaction occurs during |t,t + h] and the
state of the system are updated according to the state shift vector
v; corresponding to that reaction
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Probabilistic Approach

Probability that the jth reaction will occur once in the next
infinitesimal time interval [¢,t + k| is approximately equal to a;(z) h.

A random number r for each reaction is chosen, and if a;(z) h > r

holds, then we assume the reaction occurs during |t,t + h] and the
state of the system are updated according to the state shift vector

v; corresponding to that reaction as follows

z(t+h) = x(t) + v,

where z Is the actual number of molecules rather than molar
concentrations.
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Basic Stochastic Algorithm

| nput n =#iterations, r=#reactions, h=step size (dt)
| nput z(0)=initial conditions, v=state shift matrix
t<—0
for :=11to n
for y=11to r
p «<uni form random nunber in [0, 1]
1 f p<a(z)h then z(t+h) — z(t) + v;
end
t—t+h
end
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Basic Stochastic Algorithm

| nput n =#iterations, r=#reactions, h=step size (dt)
| nput z(0)=initial conditions, v=state shift matrix
t—0
for ¢=11to n
for y=11to r
p «<uni form random nunber in [0, 1]
1 f p<a(z)h then z(t+h) — z(t) + v;
end
t—t+h

end
Note that the time step ~ should be small enough so that

a;(x)h <1, V5 €{1,...,r} holds throughout the simulation.
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Gillespie’s Stochastic M ethod

e Find the expected time when the next reaction will occur.

e FInd which reaction out of all reactions in the network will occur
next.

Mathematical Biology Lecture 12 —slide 5



Gillespie’s Stochastic M ethod

e Find the expected time when the next reaction will occur.
e Find which reaction out of all reactions in the network will occur
next.

To find the expected time when the next reaction will occur, we
compute the probability P(T'|z,t) that the next reaction will occur

Immediately after T' seconds.
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Gillespie’s Stochastic M ethod

e Find the expected time when the next reaction will occur.

e FInd which reaction out of all reactions in the network will occur
next.

To find the expected time when the next reaction will occur, we
compute the probability P(T'|z,t) that the next reaction will occur

Immediately after T' seconds.
Note that the probability that any reaction will happen during
it,t + h] is s(z) h where

(@) = 3 a0
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Gillespie’'s Stochastic M ethod

1 2 3 n ntl
Idtldtldtl :dt:dt:time
No flow occurs during T=n dt /
One flow occurs (h=dt)
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Gillespie’s Stochastic M ethod

1 2 3 n n+l
dt dt dt dt dt

| time

No flow occurs during T=n dt /
One flow occurs (h=dt)

Then the probability that no reaction will happen during ¢, ¢ + T
and that a single reaction will occur during [t + Tt +T + h| IS

P(T|x,t) = (1 —sh)"sh where T =nh
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Gillespie’s Stochastic M ethod

1 2 3 n n+l
dt dt dt dt dt

| time

No flow occurs during T=n dt /
One flow occurs (h=dt)

Then the probability that no reaction will happen during ¢, ¢ + T
and that a single reaction will occur during [t + Tt +T + h| IS

P(T|x,t) = (1 —sh)"sh where T =nh
Let h — 0 and we get

P(T|x,t) =se '*h
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Gillespie’'s Stochastic M ethod

We define the next reaction probability distribution function based
on this equation as follows:

se s T >0
0 1< 0
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Gillespie’s Stochastic M ethod

We define the next reaction probability distribution function based
on this equation as follows:

se s T >0
0 1< 0

At each iteration step, we would like to choose the step length T
according to this probability distribution.
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Gillespie’s Stochastic M ethod

We define the next reaction probability distribution function based
on this equation as follows:
se s T >0
0 1< 0
At each iteration step, we would like to choose the step length T
according to this probability distribution. If r is a uniform random

variable on |0, 1] then the following choice of T" gives the desired

random time interval:

1
T'=——1Inr
S
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Gillespie’s Algorithm

| nput n =#iterations, r=#reactions
i nput x(0)=initial conditions, v=state shift matrix
t«—0
for i=11to n
s D i ai(T)
pl =random nunber in [0, 1]
h — —log(pl)/s
t<—t+nh
p2 =random nunber in [0, 1]
ctr < 0
for j=1to r
| f ctr <p2<ctr+aj;/s then z(t+h) — x(t) + v,
ctr «— ctr +a;/s

. end
end
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