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Pipeline

\
String syntax /

 2A+4B->2C , k=10
- A=10,B=10,C=0

N° [terations
Duration
Precision / Tau

—
i

Algorithm &

Gillespie A/B
Tau Leaping A/B
ODE

Charts
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Algorithms

» Stochastic simulation methods
» Gillespie

» Implementation A with Python dictionary
» Implementation B with numpy arrays

» Tau leaping
» Implementation A with Python dictionary

» Implementation B with numpy arrays

» Exact methods

» Differential Equations




Stochastic simulation - Gillespie

« As example we have taken into account

— the following chemical re GCOnS ==
« It was performed 100 simulation and it was
taken a sort of mean of all them.

SE - 5 & k = 0.005

S+E > SE k = 0.006
SE — P =i k =0.200

E=50;S=200; P=0:SE—=8

« Gillespie is the most famous algorithm for the
stochastic simulation.

* Inthe next slide we will see a specific and
approximate variant.

N° Molecules

1.4118 s




Stochastic simulatfion - Tau Leaping

* As we can see, with high tau step, the execution
is extremely fast but not accurate.

1.285 s with fau = 0.1
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N° Molecules

7.10e-2 s with tau = 3

« Instead decreasing the step, the execution
becomes more smooth but slower.




Exact methods - Differential equations

The ODE prove an exact solution, the interval’s
precision does not impact on performance.

8.0e-3 s with precision = 0.1

N° Molecules

N° Molecules

7.0e-3 s with precision = 8




Implementations : Dicts vs arrays

tepd Lef ) [
n = .kinetic.shape[0]
IR | | = reactions)
1 8 = zeros(n) 3 jectorize(binom) ( ate reactants)
prod( ne
idx, react react
_a = react.kinetic 3 0 = 3.sum
| react.reactants.items()
_a *= binom( state[r], 1) _@ ==
afidx] = _a
B =
it = math.log( random.uniform( o
_8
hoice(arange n =g
a . @ tate += rod [ 1 - e nts[ 1
dt
t = math.log(1 / random.uniform( )y / a6
react = reactions[choice(arange( nj) =a)]

F, 1 in react.reactants itens(): * On the left there is a dictionary-based
state[r]

=

T s e implementation, on the right a matrix-based.

« We can see that the first implementation is

more intuitive but less compact respect to the
second one.




Performances among stochastic algorithms

Execution time (s) on different algorithms

. 8.00
« The tests were performed with Ryzen 7 s
' 'S 6.00
3 5.00
0]
« In the first chart all the executions was Al
. 5 5 CX00)
performed with fixed duration and o
iterations. ( itr =55 , end_time=50.0) T .
C —— _ _
. As expected the Tau leaping with high e
Tau achieves the best speed. Execution time (s) througth simulations
14.00
« We can nofice that the maifpSiSEEss . 1200
performs worse than dictionary based. £ 1000
48106
; : E) 6.00
(ThIS could be explained by the fact that we have o A "
taken into account only very small reactions and alow £ - e
number of molecules, the matrix based can be worth i e — = : e
were are involved thousand of molecules or reactions, B 0 4 50 = 0 o 10 75 20 o5 90 ot
because it exploits a vectorized functions and others P oS
mechanisms that the dictionary do not have). e 5 ,
= Gillespie A Gillespie B Tau leaping A =0.1

Tau leaping B t=0.1

Tau leaping A t=0.01




Graphical web interface with Flask

Stochastic Simulator of Chemical Reactions

Inputs:

1s+18 -»132, 0.006

1sE->15+1€8, 0.005

i i il et In input we can insert the reactions,
events and the inifial state with a
simple syntax.

Options:

g!ggllr;thms [T‘Zﬁm (s): _ Then the next step is to choose which

& i — kind of algorithm to simulate and the

O Differential equations E opftion like duration of simulation* , the
Precision: number of simulation (to compute the
[o-c2 average) and the precision ( used for

Simulate tau leaping and ode)

N° Molecules As result we have the chart and the
56.8 final state.

034

6.46

3.2

*it doesn’t represent the time paid to execute
the simulation, but the time of experiment
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