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HYPE

I no stochastic events, different semantics

I set of variables {X1, . . . ,Xn} for continuous values

I well-defined subcomponents

S(~Y )
def
=

n∑
j=1

aj :(ι, rj , Ij(
~Yj)).S(~Y ) + init:(ι, r , I (~Y )).S(~Y )

I events a and influences (ι, r , I (~Y ))

I influence names mapped to variables with iv

I compose subcomponents to get uncontrolled system Σ

I define controllers consisting only of events

I obtain controlled system Σ BC
∗

init.Con
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Operational semantics

I configuration,
〈
Σ BC

∗
D, σ

〉

I σ maps influence names to influence strengths and types

I prefixes

〈
a : (ι, r , I ).E , σ

〉 a−→
〈
E , σ[ι 7→ (r , I )]

〉 〈
a.E , σ

〉 a−→
〈
E , σ

〉
I cooperation〈

E , σ
〉 a−→

〈
E ′, τ

〉 〈
F , σ

〉 a−→
〈
F ′, τ ′

〉〈
E BC

M
F , σ

〉 a−→
〈
E ′ BC

M
F ′, Γ(σ, τ, τ ′)

〉 a ∈ M, Γ defined

I generates labelled transition system over configurations
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Hybrid semantics

I labelled transition system is basis of hybrid automaton

I configurations are modes

I ODE for variable Xi at mode obtained from σ

dXi

dt
=
∑{

r×JI (~Y )K
∣∣ iv(ι) = Xi and σ(ι) = (r , I (~Y ))}

I transitions are events that cause a change in mode

I events have activation condition act(a)

I events have reset res(a)

I initial mode and first event init
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Circadian clocks

I regulatory mechanism for organisms

I generate biochemical rhythms

I entrain to the day/night cycle

I maintain cycles when day lengths change

I typically built out of negative feedback loops

I show oscillatory behaviour in concentrations of species

I consider very simple example, Ostreococcus tauri
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Circadian clock for Ostreococcus tauri

I tiny green alga

I experimental data, parameters for ODE model

I diagram of behaviour

I original ODE model – smooth function for day/night cycle

I Bio-PEPA model - discrete function for day/night cycle

I stochastic simulation

I ODE model validated against original ODE model

I two genes and proteins from these genes

I involves modelling mRNA but abstracts from genes

I hybrid – different behaviour depending on light conditions
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HYPE model

I work from flows in diagram

I plus knowledge of reaction types

I identify influences on variables

I what are the variables?

I T – time, to keep track of light and dark

I A – light accumulator acc

I Tm, Ti , Ta – mRNA and proteins for TOC1

I Lm, Lc , Ln – mRNA and proteins for LHY

I what are the flows?

I how do they differ from light to dark?

Vashti Galpin

Modelling a circadian clock with HYPE PASTA 2010



HYPE Circadian clock Model construction Results A different approach Conclusions

HYPE model

I work from flows in diagram

I plus knowledge of reaction types

I identify influences on variables

I what are the variables?

I T – time, to keep track of light and dark

I A – light accumulator acc

I Tm, Ti , Ta – mRNA and proteins for TOC1

I Lm, Lc , Ln – mRNA and proteins for LHY

I what are the flows?

I how do they differ from light to dark?

Vashti Galpin

Modelling a circadian clock with HYPE PASTA 2010



HYPE Circadian clock Model construction Results A different approach Conclusions

HYPE model

I work from flows in diagram

I plus knowledge of reaction types

I identify influences on variables

I what are the variables?

I T – time, to keep track of light and dark

I A – light accumulator acc

I Tm, Ti , Ta – mRNA and proteins for TOC1

I Lm, Lc , Ln – mRNA and proteins for LHY

I what are the flows?

I how do they differ from light to dark?

Vashti Galpin

Modelling a circadian clock with HYPE PASTA 2010



HYPE Circadian clock Model construction Results A different approach Conclusions

HYPE model

I work from flows in diagram

I plus knowledge of reaction types

I identify influences on variables

I what are the variables?

I T – time, to keep track of light and dark

I A – light accumulator acc

I Tm, Ti , Ta – mRNA and proteins for TOC1

I Lm, Lc , Ln – mRNA and proteins for LHY

I what are the flows?

I how do they differ from light to dark?

Vashti Galpin

Modelling a circadian clock with HYPE PASTA 2010



HYPE Circadian clock Model construction Results A different approach Conclusions

HYPE model

I work from flows in diagram

I plus knowledge of reaction types

I identify influences on variables

I what are the variables?
I T – time, to keep track of light and dark

I A – light accumulator acc

I Tm, Ti , Ta – mRNA and proteins for TOC1

I Lm, Lc , Ln – mRNA and proteins for LHY

I what are the flows?

I how do they differ from light to dark?

Vashti Galpin

Modelling a circadian clock with HYPE PASTA 2010



HYPE Circadian clock Model construction Results A different approach Conclusions

HYPE model

I work from flows in diagram

I plus knowledge of reaction types

I identify influences on variables

I what are the variables?
I T – time, to keep track of light and dark

I A – light accumulator acc

I Tm, Ti , Ta – mRNA and proteins for TOC1

I Lm, Lc , Ln – mRNA and proteins for LHY

I what are the flows?

I how do they differ from light to dark?

Vashti Galpin

Modelling a circadian clock with HYPE PASTA 2010



HYPE Circadian clock Model construction Results A different approach Conclusions

HYPE model

I work from flows in diagram

I plus knowledge of reaction types

I identify influences on variables

I what are the variables?
I T – time, to keep track of light and dark

I A – light accumulator acc

I Tm, Ti , Ta – mRNA and proteins for TOC1

I Lm, Lc , Ln – mRNA and proteins for LHY

I what are the flows?

I how do they differ from light to dark?

Vashti Galpin

Modelling a circadian clock with HYPE PASTA 2010



HYPE Circadian clock Model construction Results A different approach Conclusions

HYPE model

I work from flows in diagram

I plus knowledge of reaction types

I identify influences on variables

I what are the variables?
I T – time, to keep track of light and dark

I A – light accumulator acc

I Tm, Ti , Ta – mRNA and proteins for TOC1

I Lm, Lc , Ln – mRNA and proteins for LHY

I what are the flows?

I how do they differ from light to dark?

Vashti Galpin

Modelling a circadian clock with HYPE PASTA 2010



HYPE Circadian clock Model construction Results A different approach Conclusions

HYPE model

I work from flows in diagram

I plus knowledge of reaction types

I identify influences on variables

I what are the variables?
I T – time, to keep track of light and dark

I A – light accumulator acc

I Tm, Ti , Ta – mRNA and proteins for TOC1

I Lm, Lc , Ln – mRNA and proteins for LHY

I what are the flows?

I how do they differ from light to dark?

Vashti Galpin

Modelling a circadian clock with HYPE PASTA 2010



HYPE Circadian clock Model construction Results A different approach Conclusions

HYPE model

I work from flows in diagram

I plus knowledge of reaction types

I identify influences on variables

I what are the variables?
I T – time, to keep track of light and dark

I A – light accumulator acc

I Tm, Ti , Ta – mRNA and proteins for TOC1

I Lm, Lc , Ln – mRNA and proteins for LHY

I what are the flows?

I how do they differ from light to dark?

Vashti Galpin

Modelling a circadian clock with HYPE PASTA 2010



HYPE Circadian clock Model construction Results A different approach Conclusions

HYPE model

I three events:

ec(init) = (true, (T ′ = t0 ∧ (initial values))

ec(dark) = (T = 12, true)

ec(light) = (T = 24,T ′ = 0)

I controller: Con
def
= light.dark.Con

I influence names: ιS ,R with iv(ιS,R) = S
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I if not light-sensitive then only init event required

Vashti Galpin

Modelling a circadian clock with HYPE PASTA 2010



HYPE Circadian clock Model construction Results A different approach Conclusions

HYPE model

I three events:

ec(init) = (true, (T ′ = t0 ∧ (initial values))

ec(dark) = (T = 12, true)

ec(light) = (T = 24,T ′ = 0)

I controller: Con
def
= light.dark.Con

I influence names: ιS ,R with iv(ιS,R) = S

I captures the flow from reaction R that influences species S

I one subcomponent for each influence

I if not light-sensitive then only init event required

Vashti Galpin

Modelling a circadian clock with HYPE PASTA 2010



HYPE Circadian clock Model construction Results A different approach Conclusions

HYPE model

I three events:

ec(init) = (true, (T ′ = t0 ∧ (initial values))

ec(dark) = (T = 12, true)

ec(light) = (T = 24,T ′ = 0)

I controller: Con
def
= light.dark.Con

I influence names: ιS ,R with iv(ιS,R) = S

I captures the flow from reaction R that influences species S

I one subcomponent for each influence

I if not light-sensitive then only init event required

Vashti Galpin

Modelling a circadian clock with HYPE PASTA 2010



HYPE Circadian clock Model construction Results A different approach Conclusions

HYPE model

I three events:

ec(init) = (true, (T ′ = t0 ∧ (initial values))

ec(dark) = (T = 12, true)

ec(light) = (T = 24,T ′ = 0)

I controller: Con
def
= light.dark.Con

I influence names: ιS ,R with iv(ιS,R) = S
I captures the flow from reaction R that influences species S

I one subcomponent for each influence

I if not light-sensitive then only init event required

Vashti Galpin

Modelling a circadian clock with HYPE PASTA 2010



HYPE Circadian clock Model construction Results A different approach Conclusions

HYPE model

I three events:

ec(init) = (true, (T ′ = t0 ∧ (initial values))

ec(dark) = (T = 12, true)

ec(light) = (T = 24,T ′ = 0)

I controller: Con
def
= light.dark.Con

I influence names: ιS ,R with iv(ιS,R) = S
I captures the flow from reaction R that influences species S

I one subcomponent for each influence

I if not light-sensitive then only init event required

Vashti Galpin

Modelling a circadian clock with HYPE PASTA 2010



HYPE Circadian clock Model construction Results A different approach Conclusions

HYPE model

I three events:

ec(init) = (true, (T ′ = t0 ∧ (initial values))

ec(dark) = (T = 12, true)

ec(light) = (T = 24,T ′ = 0)

I controller: Con
def
= light.dark.Con

I influence names: ιS ,R with iv(ιS,R) = S
I captures the flow from reaction R that influences species S

I one subcomponent for each influence

I if not light-sensitive then only init event required

Vashti Galpin

Modelling a circadian clock with HYPE PASTA 2010



HYPE Circadian clock Model construction Results A different approach Conclusions

Degradation flows – not light-sensitive

Vashti Galpin

Modelling a circadian clock with HYPE PASTA 2010



HYPE Circadian clock Model construction Results A different approach Conclusions

Degradation flows – not light-sensitive

Vashti Galpin

Modelling a circadian clock with HYPE PASTA 2010



HYPE Circadian clock Model construction Results A different approach Conclusions

Degradation flows – not light-sensitive

Vashti Galpin

Modelling a circadian clock with HYPE PASTA 2010



HYPE Circadian clock Model construction Results A different approach Conclusions

Degradation flows – not light-sensitive

Vashti Galpin

Modelling a circadian clock with HYPE PASTA 2010



HYPE Circadian clock Model construction Results A different approach Conclusions

Degradation flows – not light-sensitive

I deg2: degradation of acc
I mass action

IA,2(A)
def
= init:(ιA,2,−r2, linear(A)).IA,2(A)

I deg7: degradation of TOC1 mRNA
I mass action

ITm,7(Tm)
def
= init:(ιTm,7,−r7, linear(Tm)).ITm,7(Tm)

I deg9: degradation of LHY mRNA
I mass action

ILm,9(Lm)
def
= init:(ιLm,9,−r9, linear(Lm)).ILm,9(Lm)
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Degradation flows – light-sensitive

I deg4: degradation of activated TOC1
I mass action

ITa,4(Ta)
def
= light:(ιTa,4,−l4, linear(Ta)).ITa,4(Ta) +

dark:(ιTa,4,−d4, linear(Ta)).ITa,4(Ta) +

init:(ιTa,4,−r4, linear(Ta)).ITa,4(Ta)

I deg12: degradation of cytosolic LHY
I mass action

ILc ,12(Lc)
def
= light:(ιLc ,12,−l12, linear(Lc)).ILc ,12(Lc) +

dark:(ιLc ,12,−d12, linear(Lc)).ILc ,12(Lc) +

init:(ιLc ,12,−r12, linear(Lc)).ILc ,12(Lc)
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Degradation flows – light-sensitive (continued)

I deg13: degradation of nuclear LHY
I mass action

ILn,13(Ln)
def
= light:(ιLn,13,−l13, linear(Ln)).ILn,13(Ln) +

dark:(ιLn,13,−r13, linear(Ln)).ILn,13(Ln) +

init:(ιLn,13,−d13, linear(Ln)).ILn,13(Ln)

Vashti Galpin

Modelling a circadian clock with HYPE PASTA 2010



HYPE Circadian clock Model construction Results A different approach Conclusions

Production flows – not light sensitive

Vashti Galpin

Modelling a circadian clock with HYPE PASTA 2010



HYPE Circadian clock Model construction Results A different approach Conclusions

Production flows – not light sensitive

Vashti Galpin

Modelling a circadian clock with HYPE PASTA 2010



HYPE Circadian clock Model construction Results A different approach Conclusions

Production flows – not light sensitive

Vashti Galpin

Modelling a circadian clock with HYPE PASTA 2010



HYPE Circadian clock Model construction Results A different approach Conclusions

Production flows – not light sensitive

Vashti Galpin

Modelling a circadian clock with HYPE PASTA 2010



HYPE Circadian clock Model construction Results A different approach Conclusions

Production flows – not light sensitive

I transl5: translation of TOC1 mRNA to TOC1 protein
I mass action

ITi ,5(Tm)
def
= init:(ιTi ,5, r5, linear(Tm)).ITi ,5(Tm)

I transl10: translation of LHY mRNA to LHY protein
I mass action

ILc ,10(Lm)
def
= init:(ιLc ,10, r10, linear(Lm)).ILc ,10(Lm)

I transc3: transcription of TOC1 mRNA from TOC1 gene
I not directly light sensitive, but enhanced by acc

I inhibited by nuclear LHY

I complex rate function

ITm,3(A, Ln)
def
= init:(ιTm,3, 1, g(A, Ln)).ITm,3(A, Ln)
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Production flows – light sensitive

I prod1: production of acc, entirely light-sensitive

IA,1
def
= light:(ιA,1, l1, constant).IA,1 +

dark:(ιA,1, 0, constant).IA,1 +

init:(ιA,1, 0, constant).IA,1

I transc8: transcription of LHY mRNA
I enhanced by active TOC1 protein

ILm,8(Ta)
def
= light:(ιLm,8, 1, f (Ta)).ILm,8(Ta) +

dark:(ιLm,8, 1, f
′(Ta)).ILm,8(Ta) +

init:(ιLm,8, 1, f
′(Ta)).ILm,8(Ta)
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Conversion flows - light sensitive

I conv6: conversion of TOC1 protein from inactive to active
I mass action

ITi ,6(Ti )
def
= light:(ιTi ,6,−l6, linear(Ti )).ITi ,6(Ti ) +

dark:(ιTi ,6,−d6, linear(Ti )).ITi ,6(Ti ) +

init:(ιTi ,6,−r6, linear(Ti )).ITi ,6(Ti )

ITa,6(Ti )
def
= light:(ιTa,6, l6, linear(Ti )).ITa,6(Ti ) +

dark:(ιTa,6, d6, linear(Ti )).ITa,6(Ti ) +

init:(ιTa,6, r6, linear(Ti )).ITa,6(Ti )
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Transportation flows and time flow

I transp11: movement of LHY protein
I from cytoplasm to nucleus

I not light sensitive

ILc ,11(Lc)
def
= init:(ιLc ,11,−r11, linear(Lc)).ILc ,11(Lc)

ILn,11(Lc)
def
= init:(ιLn,11, r11, linear(Lc)).ILn,11(Lc)

I flow for passing of time, iv(ιT ) = T

Time
def
= init:(ιT , 1,C ).Time

I construct controlled system from subcomponents and controller
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Results – constant light
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Results – 12 hours light, 12 hours dark
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A different approach

I given a ODE biological model with hybrid behaviour

I assumptions about model

I n species, S1, . . . ,Sn

I m reactions, R1, . . . ,Rm

I stoichiometry matrix D, n ×m integer matrix

I ~X = {X1, . . . ,Xn}, Xi is concentration of Si

I vector laws v = (v1, . . . , vm), vi is a function over ~X

I ODEs for model: d ~X/dt = D× v

I understand hybrid aspects, identify variables and ODEs

I choose a particular behaviour to start model construction

I circadian clock, choose light or dark conditions
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A different approach (continued)

I form of each species ODE

dXi

dt
=

m∑
j=1

D[i , j ]v [j ] =
m∑
j=1

D[i , j ]fj(~X )

I want an influence for each flow D[i , j ]fj(~X ), let Jv [j ]K = fj(~X )

I define subcomponents where iv(ιi , j) = Xi

Ii , j(~X )
def
= init : (ιi , j ,D[i , j ], v [j ]).Ii , j(~X )

I let ec(init) = (true, (X1 = u1) ∧ . . . ∧ (Xn = un))

I HYPE model, validate if possible(
BC∗

n
i=1 ( BC∗

m
j=1 Ii , j(

~X ))
)
BC∗ init.0

I defines redundant subcomponents whenever D[i , j ] = 0, can
omit
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