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ERODE: OVERVIEW OF THE TOOL'S FUNCTIONALITIES

Tm @ e

v’t::‘(“:lv

| ERODE - Examples/ExampleODE.ode - ERODE

B &

[ Project Explorer 5% = B = B | |afi ERODE -ExampleRN-[15/05/2016 18-57-46-218] 5% = B8
N = \,:\/ < | || & ExampleODE.ode &% & ExampleRN.ode 23 Yy _:xil_*?‘ ’ I@III.”.I#IIQ‘I@I [% | o
v (=2 Examples -~ begin model ExampleODE ~ begin model ExampleRN =
& ExampleODE.ode - begin parameters - begin parameters - @
& ExampleRN.ode ril=1.0r2=2.0 ril=1.0r2=2.0 simulateODE(tEnd=1.0)
b = InfluenceNetworks ;"d _parameters end parameters ExampleRN - ODE solutions - All species/variables
- begin 1init - begin init 33-
Au = 1.0 Au = 1.0 ]
Ap = 2.0 Ap = 2.0 23 "
B =3.0 B =3.0 2
AuB ApB AuB ApB 5 2.5
end init end init &
_ . o - begin ODE - begin reactions Q2 -
O S| |d = c
g= Outline Sﬂ 5% O // C-style comments Au -> Ap , rl =
V 1= ExampleODE d(Au) = -r1*Au + r2*Ap - 3*Au*B + 4*AuB Ap -> Au , r2 O 1.5-
> =2 parameters d(Ap) = rl*Au - r2*Ap - 3*Ap*B + 4*ApB Au + B -> AuB , 3.0 ﬁ 1
V I=5 species d(B) = -3*Au*B + 4*AuB - 3*Ap*B + 4*ApB AuB -> Au+B , 4.0 §1 9
VIZAy, IC=1.0 d(AuB) = 3*Au*B - 4*AuB Ap + B -> ApB , 3.0 ) i
I=1.0 d(ApB) = 3*Ap*B - 4*ApB ApB ->Ap + B , 4.0 .g 0.5
VI=Ap, IC=2.0 end ODE end reactions 2 ]
I=2.0 - begin views - begin views ‘8‘0 E
VI=B,IC=3.0 vl = Au + Ap vl = Au + Ap 03_3
_Lza'o v2 = AuB v2 = AuB 001 01 02 03 04 05 06 07 08 09 101
I=AuB,IC=0 end views end views Time
I=ApB,IC=0 reduceBDE(reducedFile="ExampleODE_BDE") simulateODE(tEnd=1.0)
V =5 ODEs end model end model Au Ap B AuB ApB
V I=d(Au)
VI=(((-r1) * Au) + ((2 * Ap) - (|| & Console 3% “:_ Problems‘ L
ViZ(-r1)*A 2 * A
L (_)r " ,“L: (27 A2} || ERODE -ExampleRN-[15/05/2016 18-57-46-218]
: =1 3k 3k 3k 3k 3k ok 3k ok 3k ok 3k ok 3k 3k ok 3k ok 3k ok 3k 3k 3k ok 3k ok 3k ok 3k ok 3k ok 3k ok ok ok ok ok ok 3k ok 3k ok 3k ok 3k ok 3k Kk 3k ok 3k ok 3k ok 3k ok ok ok ok ok sk 3k sk 3k ok 3k sk 3k ok 3k 3k ok 3k ok dk ok 3k ok dk ok ok ok ok ok ok 3k ok 3k sk 3k ok 3k 3k ok ok 3k ok ok 3k ok dk ok 3k ok ok ok ok ok ok ok ok % ok Kk %
l;z'Al' 3 3 3K 3k 3k ok ok ok ok ok ok ok ik ok ok ok ok ok 3k 3k ok ok ok ok ok 3K 3k 3k ok ok ok ok ok ok Kk 3k ok ok ok ok ok 3k ok ok ok ok ok ok 3k 3k ok ok ok ok ok ok ok ok ik ok ok ok ok ok 3k ok ok ok ok ok 3k 3K 3k ok ok ok ok ok ok ok ok 3k ok ok ok oK ok ok 3k ok ok ok ok ok 3K 3k ok ok ok ok ok ok 3k Kk ok ok ok ok oK oK K ok ok ok ok ok
> E=LZ*: 30*A 3k 3k 3k ok 3k ok ok ok ok ok sk ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok k ERODE _ExampleRN_[15/05/2016 18_57_46_218] 3k 3k 3k 3k 3k ok ok ok ok ok ok ok sk ok dk ok ok ok ok ok ok ok ok 3k ok ok ok 3k ok ok ok ok ok ok
> '=4=b(:A Bp) B (( : t 3% 3k 3k ok 3k ok 3k ok 3k 3k 3k 3k 3k 3k ok 3k 3k 3k ok 3k ok 3k K 3k ok 3k %k 3k ok ok 3k sk 3k ok 3k ok 3k ok 3k ok ok Kk 3k ok 3k ok 3k ok 3k 5k ok ok ok 3k ok 3k ok 3k sk 3k 3k 3k sk 3k ok 3k ok ok ok ok ok 3k ok ok ok ok ok ok 3k ok 3k ok 3k ok 3k sk 3k ok 3k ok ok 3k ok ok 3k ok ok ok ok ok ok 3k sk 3k ok 3k K 3k ok ok ok ok ok ok k %k
»Al:d(A;)j ) u 3 3 3 3k 3k ok ok ok ok ok ok ok ok 3k ok ok ok ok ok 3k ok ok ok ok ok ok 3k 3k 3k ok ok ok ok ok 3k Kk 3k ok ok ok ok ok 3k ok ok ok ok ok 3k 3k 3k 3k 3k ok ok ok ok ok 3k 3k ok ok ok ok ok ok 3k ok ok ok ok ok 3k 3k ok ok ok ok ok ok ok Kk ik ok ok ok ok ok 3k 3k ok ok ok ok ok 3k 3k ok ok ok ok ok ok 3k Kk ik ok ok ok oK oK ok ok ok ok ok ok R
> I=d(B) )
b i=d(AuB) Reading ExampleRN...
» i=d(ApB) Par‘ar!'leter's: 2
v =2 views Species: 5
> =y Reactions: 6.
b i=v2
b i=reduceBDE Solving ODEs of ExampleRN... completed in 0.006 (s).

0 items selected

[TACAS17]
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ERODE: OVERVIEW OF THE TOOL'S FUNCTIONALITIES

//Analysis
simulateODE(tEnd=0.05)
= simulateCTMC(tEnd=1,
repeats=100)
//Reduce
reduceBEQ)
//Export
= write(fileOut="AM_ODE.ode",
format=0DE)
= exportBNG(
fileOut="AM_RN.net")
= exportSBML(
fileOut="AM_RN.sbml")
exportStochKit(
fileOut="AM_RN.xml™")

reduceFEQ)

= simulateODE(tEnd=0.05,
library=APACHE)
= simulateODE(tEnd=1,
library=SUNDIALS)
//Reduction
reduceBDEQ)
= reduceFDE(reducedFile=
"AM_ODE_FDE .ode")
//Export
= exportMatlab(fileOut="AM_ODE.m",
tEnd=1)
end model

- p4*x1*x2
end ODE
= begin algebraic
x2 = 200 - x0 - x1
end algebraic
simulateDAE(tEnd=1)
= exportModelica(
fileOut="AM_DAE.mo")
reduceBDE()
end model

&3 importers2.ode % ]

=begin model affine
= importAffineSystem(

& importers.ode 23 ]

=begin model mrmc
= importMRMC(fileIn="ctmc.tra",
labellingFile="ctmc.lab")
end model

[ BON ) runtime-ERODE.product(4) - PER/AM_ODE.ode - ERODE
it B RS D e s Q E N
] =0fs
@ AM_RN.ode 33 @ (NAode | &) AM_ODE.ode % | & AM_DAE.ode 5% | & *BN.ode ¢ | =]
- begin model AM_RN _ = begin model AM_ODE -~ begin model AM_DAE =begin Boolean Network BN N
= begin parameters Hnz! = begin parameters = begin parameters =begin init &
pl=1 p2=2 p3=3 p4=4 pPl=1p2=2p3=3p4=4 pl=1p2=2p3=3p4=4 xl=true x2=false x3=true
end parameters end parameters end parameters end init
= begin init = begin init = begin init = begin update functions
X0 = 100 x1 x2 = 100 X0 = 100 x1 x2 = 100 x0 = 100 x1 x1 =1 x3 or x1
end init end init end init x2 = x1 or x2 or ! x3
= begin reactions ® begin ODE i L = begin alginit x3 = x2 and ! x3
X0 + x2 -> x2 + x1 , pl . ggigg : Ezlfgzgixé*zi fopgixo*xl x2 = 100 end update functions
X0 + x2 -> x0 + x1 , p2 - pa*x1*x2 end alginit | reduceBBE(reducedFile="BN_BBE.ode")
X0 + x1 -> x0 + x0 , p3 d(x2) = pA*X1*x2 - p2*x0*x2 = begin ODE end Boolean Network
x2 + x1 -> x2 + x2 , p4 end ODE d(x@) = p3*x0*x1 - pl*x0*x2 @ *BN_BBE.ode %X |
end reactions //Analysis = d(x1) = (pl+p2)*x0*x2 - p3*x0*x1 //Generated from BN via BBE

//Size of initial partition: 1

//0riginal number of species: 3

//Reduced number of species: 2
=begin Boolean network BN_BBE

= begin init

x1 = true
x3 = true
end init

=begin update functions

x1 = ((!x3) | x1)

x3 = (x1&(!x3))
end update functions
//Comments associated to the species
//x1:

//Representative of block

exportLNA(fileOut="LNA.ode") fileIn="A.csv",BFile="b.csv", // x1,x2
= generate(ME( ICFile="IC.csv") ' =begin model bng //x3:
fileOut="CME.ode") end model importBNG(fileIn="bng.net") //Singleton block
end model end model end Boolean network
Writable Insert 28:1:502
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ERODE: OVERVIEW OF THE TOOLS FUNCTIONALITIES

| NN _
A4

iR e f e

runtime-ERODE.product(4) - PER/AM_ODE.ode - ERODE

" AA

=

F)

@ AM_RN.ode 3% |@ LNAode |

&) AM_ODE.ode % |

=~ begin model AM_RN

= begin parameters
pl=1 p2=2 p3=3 p4=4
end parameters

= begin init
X0 = 100 x1 x2 = 100
end init

= begin reactions
X0 + x2 > x2 +x1 , pl
X0 + x2 > x0 + x1 , p2
X0 + x1 -> x0 + x@ , p3
x2 + x1 ->x2 + x2 , p4
end reactions

Line: 1

//Analysis
simulateODE(tEnd=0.05)
= simuLate nd=1,
repeats=100)
//Reduce
reduceBEQ) reduceFEQ)
//Export

= write(fileOut="AM_ODE.ode",
format=0DE)
= exportBNG(
fileOut="AM_RN.net")
= exportSBML(
fileOut="AM_RN.sbml")
= exportStochKit(
fileOut="AM_RN.xml")
exportLNA(fileOut="LNA.ode")
= generateCME(
fileOut="CME.ode")
end model

=begin model AM_ODE
= begin parameters
pl=1p2=2p3 =3p4=4
end parameters
= begin init
X0 = 100 x1 x2 = 100
end init
= begin ODE
d(x@) = p3*x0*x1 - pl*x0*x2
= d(x1) = (pl+p2)*x0*x2 - p3*x0*x1
- p4*x1*x2
d(x2) = p4*x1*x2 - p2*x0*x2
end ODE
//Analysis
.~ simulateODE(tEnd=0.05,
library=APACHE)
' simulateODE(tEnd=1,
library=SUNDIALS)

— //Reduction
reduceBDEQ)
= reduceFDE(reducedFile=
"AM_ODE_FDE .ode")
//Export
= exportMatlab(fileOut="AM_ODE.m",
tEnd=1)
end model

&3 importers2.ode % ]

=begin model affine
= importAffineSystem(

fileIn="A.csv",BFile="b.csv",

ICFile="IC.csv")
end model

vviilawvie
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ERODE: OVERVIEW OF THE TOOL'S FUNCTIONALITIES

" JOXK ] ~ runtime-ERODE.product(4) - PER/AM_ODE.ode - ERODE
MR RGN eD e s Q il @)
= =g
By B & *BN.ode 231
=begin Boolean Network BN
=begin init

xl=true x2=false x3=true

end init
=begin update functions

x1 =" x3 or xi1

x2 = x1 or x2 or ! x3

x3 = x2 and ! x3

_‘ reduceBBE(reducedFile="BN_BBE.ode")z
rk

@) *BN_BBE.ode %X |
//Generated from BN via BBE
//Size of initial partition: 1
//0riginal number of species: 3
//Reduced number of species: 2
=begin Boolean network BN_BBE
= begin init
x1 = true
x3 = true
end init
=begin update functions
| x1 = ((!x3) | x1)
x3 = (x1&('x3))
end update functions
//Comments associated to the species
//x1:
//Representative of block
// x1,x2
//X3:
//Singleton block
end Boolean network

2, F¢ @ m

Writable Insert 28:1:502
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ERODE: OVERVIEW OF THE TOOLS FUNCTIONALITIES

@ O runtime-ERODE.product(5) - tool_demo/SIRRNHull_union.ode - ERODE
Vi @ B Hl oS G 4 A4 Q B e
E —Ola=
5 |/@ LNAode 2| @ SIR2.0de % | @ SIR2Hullode | & SIRRNHull_union.ode 5% | =]
= begin model LNA - begin model SIR2 - begin model SIRRNHull_union [
= begin parameters = begin parameters = begin parameters
pl = 1.0 p2 = 2.0 p3 = 3.0 p4 = 4.0 bll =1.04 bl12 = 0.96 b11=1.04 b12=0.96 b21=1.05 b22=0.95
end parameters b21 = 1.05 b22 = 0.95 N —
e gl1=0.1 g2=0.1
= begin init gl = 0.19g2= 0.1 d t
X0 = 100.0 x1 x2 = 100.0 end parameters ok .par.‘alrle ars
C_x0_x0 C_x0_x1 C_x0_x2 = begin init = begin init
C_x1_x0 C_x1_x1 C_x1_x2 sl = 0.48 s2 = 0.51 usl = 0.48 osl = 0.48
C_x2_x0 C_x2_x1 C_x2_x2 il = 0.52 i2 = 0.49 us2 = .51 0s2 = 0.51
end init ri r2 uil = 0.52 o0il = 0.52
= begin ODE end init ui2 = 9.49 0i2 = 0.49
d(x0) = —plkx@xx2 + p3*x0*x1 = begin ODE url orl
d(x1) = pLlkx0@%x2 + p2kxx0*kx2 + —p3*kx0*x1 + —pd*kx1kx2 d(s1l) = -bllxslxil + —-b12%s1xi2 ur2 or2
d(x2) = —p2*x0xx2 + pd*kx1xx2 d(s2) = -b21%s2xil + —-b22%s2xi2
d(C_x0_x0) = (-plkx2 + p3%x1) * C_x0_x0 + p3xx0 * C d(il) = b1lxslxil + b12ks1xi2 + —glxil
d(C_x0_x1) = (—plkx2 + p3xx1) * C_x0_x1 + p3*x@ * C d(i2) = b21xs2%il + b22ks2%i2 + —g2%i2 sl =0.48 s2 = 0.51
d(C_x0_x2) = (—plkx2 + p3*x1) * C_X0_x2 + p3%x0 x C d(rl) = glxil il = .52 12 = 0.49
d(C_x1_x0) = (pl#x2 + p2xx2 — p3*x1l) *x C_x0_x0 + (- d(r2) = g2*i2 ri r2
d(C_x1_x1) = (p1xx2 + p2%kx2 — p3*x1) *x C_x0_x1 + (- end ODE end init
d(C_x1_x2) = (pl#x2 + p2xx2 — p3*x1l) *x C_x0_x2 + (- - - — = begin ODE
d(C_x2_x0) = -p2*x2 * C_x0_x0 + pdkx2 * C_x1_x0 + ( |afi ERODE-SIRRNHuIl_union-[30/09/2021 11-16-23-093] £ d(usl)= —b21%us1k0il — bl2%usl¥oi2
@ AM_FSE.ode X | g ;|x— M E RN E RN ENEE DY \Qﬂ d(0s1)= -bl1lxoslkuil — b22*oslxui2
- begin model AM_FSE @’ d(us2)= -b21*us2*0il — bl2xus2*0i2
S begin parameters ] o d(052)= -b11x0s2%uil - b22x0s2xui2
pl=1.0 p2=2.0 p3=3.0 p4=4.0 Solution of the hull and of the original model d(uil)= bllxusl*uil + b22*uslkui2 - glxuil
end parameters 050 ; d(0il)= b21x0s1x0il + b12x0sl*0i2 - glko0il
= begin init ) . ) . o d(ui2)= bl1lxus2%uil + b22*us2*ui2 - gl*ui2
x0=100-1 x1 x2=100 Deco=1 ("1 0 0") Decl ("0 0 0") d(0i2)= b21k0s2x0il + bl2x0s2%0i2 — glk0i2
end init 075 - d(url)= glxuil
= begin reactions @ d(orl)= 1%0i1l
Dec@d + x0 + x1 —> Dec@ + 2xx0 , p3 So7 - B 9 ,
Dec® + x@ + x2 —> Dec® + x0 + x1 , p2 5 d(ur2)= gl*ui2
DecO® + x0 + x2 —> Dec@® + x1 + x2 , pl 065~ d(or2)= glxo0i2
Decd + x1 —> Dec® + x0 , p3 ] d(sl) = -bllxs1lkil — b12xs1%i2
Decd + x2 —> Dec@ + x1 , p2 06 3 d(s2) = -b21xs2%il - b22%s2%i2
Decd + x2 —> Decl + x1 + x2 , pl o d(il) = bl1l%s1kil + b12xs1x*i2 - glxil
Decl + x@ + x1 -> Dec@d + x0 , p3 e d(i2) = b21ks2xil + b22%s2%i2 - g2%i2
Decl + x@ + x2 —> Dec@ + x1 , p2 T L e 0 R L R R | d(rl) = 1%i1
Decl + x@ + x2 —> Decl + x1 + x2 , pl 005 05 1 1.5 P Tizlfne 3 35 4 4.5 5.05 e : 92 B
x1 + x2 —> 2%x2 , p4 L) = Gedl
end reactions [il ===roil ===yl S“d_ODE_
Writable Insert 36 :45 [243]
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ERODE: OVERVIEW OF THE TOOLS FUNCTIONALITIES

{ BCN
A4

-

OB Bl e o

runtime-ERODE.product(5) - tool_demo/SIRRNHull_union.ode - ERODE

S

&

)

@ LNAode %2 |

= begin model LNA
= begin parameters
pl = 1.0 p2 = 2.0 p3 = 3.0
end parameters
= begin init
X0 = 100.0 x1 x2 = 100.0
C_x0_x0 C_x0_x1 C_x0_x2
C_x1_x0 C_x1_x1 C_x1_x2
C_x2_x0 C_x2_x1 C_x2_x2
end init
= begin ODE

p4 = 4.0

d(x0)
d(x1)
d(x2)
d(C_x0_x0)
d(C_x0_x1)
d(C_x0_x2)

d(C_x1_x1)
d(C_x1_x2)

—plkx0*x2 + p3*kx0*kx1l
plkxX0*X2 + p2%kx0*xx2 +
—p2%X

0%kx2 + padxx1xx2

(-p1xx2 + p3*x1)
(-p1xx2 + p3*x1)
(-p1xx2 + p3*x1)
(p1kx2 + p2*x2 -
(p1kx2 + p2*x2 -
(p1kx2 + p2*x2 -

d(C_x1_x0)

d(C_x2_x0) = —p2*x2 * C_x0_x0

—p3xxX0*Xx1 + —pdkx1kx2

* C_X0_x0 + p3%x0 x C
% C_X0_x1 + p3%x0 x C
* C_X0_x2 + p3%x0 x C
p3*x1) *x C_x0_x0 + (-
p3xx1) x C_x0_x1 + (-
p3xx1) x C_x0_x2 + (-
+ pd*x2 x C_x1_x0 + (

—

Variable concentrations

210 -

150 -
100 —

50 -

-10

M~

AM_ODE - ODE solutions AM - LNA solutions
430 -

400 -

300

N

o

o
i

Variances

100 —

0

| L) . . T (L e P T L e e P ) [ B e e e 1 |

0 05 -10 —l T T T T I T T T T I T T T T ' T T T T I T T T T I
i 0 0.01 0.02 0.03 0.04 0.05

Time
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Time
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» S.Tognazzi, M. Tribastone, M. Tschaikowski, A. Vandin. EGAC: A Genetic Algorithm to Compare Chemical Reaction Networks. GECCO’17
L. Cardelli, M. Tribastone, M. Tschaikowski, A. Vandin. Efficient Syntax-driven Lumping of Differential Equations. TACAS'16

—. Forward and backward bisimulation for chemical reaction networks. CONCUR’15

G. lacobelli, M. Tribastone, A. Vandin. Differential bisimulation for a Markovian process algebra. MFCS’15

M. Tschaikowski, M. Tribastone. Exact Fluid Lumpability for Markovian Process Algebra. CONCUR’12

TUTORIAL-LIKE PRESENTATIONS

» M. Tribastone, A. Vandin. Speeding up stochastic and Deterministic simulation by Aggregation: an Advanced Tutorial, WSC’18
» A.Vandin, M. Tribastone. Quantitative Abstractions for Collective Adaptive Systems, SFM’16
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FUNDING & ONGOING AND FUTURE WORK

» GRANTS with most support for the tool:
» FEMPA, DFG, Germany
» QUANTICOL, FP7, EU
» COCO, FWF, Austria
» REDUCTO, DFF RP1, Denmark
» SEDUCE, PRIN, Italy
» Danish PDJ foundation

» Ongoing and future work
» Control-related reductions/analysis of networks (COCO)
» Rethink the framework for Boolean networks (REDUCTOQO)
» Alternative approaches to partition refinement [LICS'21]

» All our algorithms so far are for exact reductions

» Approximate reductions in terms of exact ones on perturbed models [QEST18]
» What if the model has intrinsic uncertainty? [QEST'21]

> ...

www.erode.eu 11 www.santannapisa.it/en/andrea-vandin


http://www.erode.eu



http://www.erode.eu
mailto:andrea.vandin@santannapisa.it



http://www.erode.eu
http://www.erode.eu

