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• Graded Exercise 1 must be uploaded to moodle before 
midnight Thursday, 16th October 

• Submit a single pdf document (with your name as 
filename, e.g.,  julian.shillcock.pdf) containing your hand-
written work / scanned images / ipad pages



Indicative feedback



Speed  — pauses after long equations, skip more algebra 

Unprepared for exercises / exam — I’ll put last year’s exam on 
moodle on Friday; model exam questions will be posted each week 
towards the end of the semester. 

Lecture / Exercises — I’ll try and keep the lectures in sync, reduce 
the recap 

Confusion? — come to exercise session / post questions on Ed. 

Further notes - derivations for 2D linear systems are on moodle page 
for lecture 4:   
1) Shifting a fixed point to the origin in dx/dt = MX + C 
2) How to distinguish a star node from a degenerate node given 

tau**2 - 4*delta = 0 for both? 
3) Can you have complex trajectories?

Possible solutions



Lecture 5 Recapitulation

The 2D non-linear system 
dx/dt = f(x, y)
dy/dt = g(x, y)

can have FPs anywhere, and their number/type depend on f and g.

The recipe for solving it is:

• Find the nullclines where f(x, y) = 0 or g(x, y) = 0, note that they are curves in 2D, not 
straight lines

• Find the FP locations where nullclines intersect
• Linearise f and g to get the Jacobian, then apply the linear 2D recipe to each FP 

(see file intro2025-lecture4.pdf on moodle for linear recipe)
• Connect the trajectories between FPs in the whole phase portrait using common 

sense (trajectories must be continuous, cannot cross)
• Unlike the linear system, the eigenvectors / manifolds are only straight lines close to 

the FP



Background quiz



Background quiz:  go.epfl.ch/turningpoint 

Session Id: julian23

All input is anonymous; data are stored outside CH

http://go.epfl.ch/turningpoint


Break

Presentation: Designing Life with AI



The purpose of this course is to be able to …

dN/dt = N( 1 - N - P ) 
dP/dt = -P(1/2 - N )

Where’s the spiral in the equations?

convert these … into this



Original model
dN/dt = N( 1 - N - P ) 
dP/dt = -P(1/2 - N )



saddlepoint 
at (0, 0)

saddlepoint 
at (1, 0)

stable spiral 
at (1/2, 1/2))

What is this line?



It’s the unstable manifold of the 
saddlepoint at (1, 0), and is in the 
direction (1, -3/2)

Linearised version



Modified model
dN/dt = N( 1 - 2 N - P) 
dP/dt = -P(2 - N)

Stable spiral at (1/2, 1/2) disappears, and a stable node appears at (1/2, 0).

saddlepoint 
at (0, 0) still

predators 
increase here 
and prey drop, 
but later …



Draw phase portrait using Runge-Kutta integration scheme 
(see moodle, Lecture 4)

Just define two functions f1, f2 that  
return dx/dt and dy/dt



• To complete phase portrait, examine the behaviour of dY/dX = 
(dy/dt / dx/dt) for large values of (x,y), i.e., far from the fixed 
point(s)  

• Be able to interpret the meaning of a change in the coefficients 
of a population model, e.g., faster loss of predators and fewer 
prey leads to predator extinction (spiral changes to a stable 
node on the x axis) 

• The “shape” of an equation is a fancy way of saying that 
different types of term in the ODEs describing a dynamical 
system have specific qualitative effects; so one can assemble 
the terms into equations to describe different systems

Tricky points


