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Basic Concepts in Reaction Kinetics 
and Systems 
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Basic Terms 
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Stoichiometric Amounts Page 3 in book 
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Stoichiometric Coefficients Page 6/7 in book 
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Rate of Change Page 5 in book 
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Reaction Rate (v) Page 8/9 in book 

A reaction rate is the rate of change normalized  with respect  
to the stoichiometric coefficient. 
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Simulation Tools 

In this workshop we will use the following software tools: 

 
• JDesigner 
• JarnacLite 
• Simulation Tool 
• Jarnac 



JDesigner 
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JDesigner 
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JDesigner 
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JDesigner 
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JarnacLite 

// Model Definition 

p = defn simple_reaction 

     v1: $Xo -> S1;  k1*Xo; 

     v2: S1 -> $w;   k2*S1; 

end;  

 

// Initialize Constants 

p.k1 = 1; p.k2 = 1; p.S1 =20; p.Xo=1; 



Simulation Tool 



Jarnac 
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Jarnac: 
 
Script-based Simulation Software 

  Model Building 
  Simulation 
  Analysis  

(Deterministic and Stochastic) 
  SBML file import and export 

Console Window 

Script Editor 



Jarnac 
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// Model Definition 

p = defn simple_reaction 

     v1: $Xo -> S1;  k1*Xo; 

     v2: S1 -> $w;   k2*S1; 

end;  

 

// Initialize constants  

p.k1 = 1; p.k2 = 1; p.S1 =20; p.Xo=1; 

m = p.sim.eval(0,20,100,[<p.Time>,<p.S1>]); 

graph (m) 



Most Important Jarnac Commands for the Week 
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// Model Definition 

p = defn simple_reaction 

     v1: $Xo -> S1;  k1*Xo; 

     v2: S1 -> $w;   k2*S1; 

end;  

 

// Initialize constants  

p.k1 = 1; p.k2 = 1; p.S1 =20; p.Xo=1; 

 

// Time course simulation 

m = p.sim.eval(0,20,100,[<p.Time>,<p.S1>]); 

 

// Plotting Graphs 

graph (m); 

 

// Steady State 

p.ss.eval; 

 

// Concatenating Matrices by row 

m = augr (m1, m2); 

 

m1 

m2 

m 

augr (m1, m2) -> m 



Most Important Jarnac Commands for the Week 
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// Model Definition 

p = defn simple_reaction 

     v1: $Xo -> S1;  k1*Xo; 

     v2: S1 -> $w;   k2*S1; 

end;  

 

// Initialize constants  

p.k1 = 1; p.k2 = 1; p.S1 =20; p.Xo=1; 

 

// Time course simulation 

m1 = p.sim.eval(0, 20,100,[<p.Time>,<p.S1>]); 

// Do something else here... 

m2 = p.sim.eval(20,40,100,[<p.Time>,<p.S1>]); 

 

m = augr (m1, m2); 

graph (m); 

 

m1 

m2 

m 

augr (m1, m2) -> m 



Event Syntax in JarnacLite 

// JarnacLite additional syntax (event control) 

 

p = defn newModel  

     $Xo -> S1; v;  

     S1 -> $X1; k*S1;  

 

     at(gt(time,10)): v = 2;  

     at(gt(time,20)): v = 1;  

end;  

 

p.v = 1; p.k = 0.5; p.Xo = 0.5;  
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Equilibrium Constant (Keq) Page 17 in book 



Try a Simple Simulation 

Implement a simple model that reaches 
equilibrium using the software tools in the 
following order: 

 

• JDesigner 

• JarnacLite, Simulation Tool 

• Jarnac 
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Mass-Action Ratio 
and Disequilibrium Ratio 

Page 17 in book 
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Disequilibrium Ratio and Free Energy 

Page 23 in book 
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Application 

Page 24 in book 
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Elasticities/Kinetic Orders 
Page 37 in book 
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Elasticities/Kinetic Orders 
Page 42 in book 



26 

Elasticities/Kinetic Orders 
Page 42 in book 
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Elasticities/Kinetic Orders 
Page 45 in book 
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Behavior Exhibited by Networks 

1. Thermodynamic Equilibrium 
2. Transients 
3. Steady State 

State Reaction Rates dX/dt 

Thermo Equilibrium 0 0 

Transient ≠ 0 ≠ 0 

Steady State ≠ 0 0 
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Steady State 
using Jarnac 
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Studies on the Mass-Action Ratio 
Using the Simulation Tool 

p = defn cell 

     G = S2/S1; 

     rho = G/Keq; 

     J1: S1 -> S2; k1*S1*(1 - rho); 

end;  

 

p.S1 = 1; 

p.S2 = 0.45; 

p.Keq = 4.5; 

p.k1 = 1; 

This will illustrate: 
 
JarnacLite 
Simulation 
Sliders 
Selecting Y axis variables 
Changing graph settings 

See Table 1.1 on page 23 

Questions: 
 
1. What happens at equilibrium? 
2. What happens at +ve reaction rate 
3. What happens at –ve reaction rate 
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Basic Systems Concepts 
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Experiments with simple networks 

p = defn cell 

     Xo -> S1; k1*Xo - k2*S1; 

     S1 -> S2; k3*S1 - k3*S2; 

     S2 -> X1; k5*S2 - k6*X1; 

end; 

 

p.Xo = 4; 

p.X1 = 0; 

p.k1 = 1.2; p.k2 = 0.45; 

p.k3 = 0.56; p.k4 = 0.2; 

p.k5 = 0.89; p.k6 = 0; 

This will illustrate: 
 
JarnacLite 
Help in picking rate laws 
Simulation 
Selecting Y axis variables 
Changing graph settings 

Closed System 
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Experiments with simple networks 

p = defn cell 

     ext Xo, X1; 

 

     Xo -> S1; k1*Xo - k2*S1; 

     S1 -> S2;  k3*S1 - k3*S2; 

     S2 -> X1; k5*S2 - k6*X1; 

end; 

 

p.Xo = 4; 

p.X1 = 0; 

p.k1 = 1.2; p.k2 = 0.45; 

p.k3 = 0.56; p.k4 = 0.2; 

p.k5 = 0.89; p.k6 = 0; 

This will illustrate: 
 
JarnacLite 
Help in picking rate laws 
Simulation 
Selecting Y axis variables 
Changing graph settings 

Open System 
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System Quantities 

1. Variables:  
 State Variables, Dynamical Variables, Floating Species 
 
In principle only indirectly under the control of the  
Experimentalist. Determined by the system. 
 
 
2. Parameters: 
 Kinetic Constants, Boundary Species (fixed) 
 
In principle under the direct control of the experimentalist  



35 

Steady State 



36 

Steady State 
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Steady State 
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Perturbations to Variables 



Model Script 

p = defn newModel 

   $Xo -> S1; k1*Xo; 

   S1 -> $X1; k2*S1; 

end;  

 

p.k1 = 0.2; 

p.k2 = 0.4; 

p.Xo = 1; 

p.S1 = 0.5; 

 

// Simulate the first part up to 20 time units 

m1 = p.sim.eval (0, 20, 100, [<p.time>, <p.S1>]); 

 

// Perturb the concentration of S1 by 0.35 units 

p.S1 = p.S1 + 0.35; 

 

// Continue simulating from last end point 

m2 = p.sim.eval (20, 50, 100, [<p.time>, <p.S1>]); 

 

// Merge and plot the two halves of the simulation 

graph (augr(m1, m2)); 



Why the disturbance is stable 



Perturbations to Parameters 



Model Script 
p = defn newModel 

  $Xo -> S1; k1*Xo; 

  S1 -> $X1; k2*S1; 

  end; 

 

p.k1 = 0.2; 

p.k2 = 0.4; 

p.Xo = 1; 

p.S1 = 0.5; 

 

// Simulate the first part up to 20 time units 

m1 = p.sim.eval (0, 20, 5, [<p.time>, <p.S1>]); 

 

// Perturb the parameter k1 

p.k1 = p.k1*1.7; 

 

// Simulate from the last point 

m2 = p.sim.eval (20, 50, 40, [<p.time>, <p.S1>]); 

 

// Restore the parameter back to orginal value 

p.k1 = 0.2; 

 

// Carry out final run of the simulation 

m3 = p.sim.eval (50, 80, 40, [<p.time>, <p.S1>]); 

 

// Merge all data sets and plot 

m4 = augr(augr(m1, m2), m3); 

graph (m4); 



How would we do the same 
perturbations in JDesigner or the 

simulation tool? 


