
Exercise 1

a) x:exceptible peoples/frection)

y:infected people

people notinfected andnotausceptible
is...? Recovered!

-(1-x- 3) is the frection of recovered
people

->X is the rate ofwhich recovered become

receptible again (to re-infection)

3) - a +x4

- i =0 y =

- -x

1 - xx -xy - xy =0

-cy-ny =
- x +cn

y) - c - x) =- c +an



->

I =0 y =0 mx =t

(n - i) 3 B =0

- a +x4

I I

c) e= -0

- -x

B

I 8 ⑥

⑦

S

*

⑧

.......
I

I

d) 10,0.5) -> 10.05, -0.2)
10.1,0.2) -> 10.05, -0.00)
(0.5,0.5) -1 - 0.25,0.05)

(0.5,0.1) ->)-0.09,0.05)



-where's e?

8) For (n,3) =10.5,0.5) We have

(ii) =1- 0.25,0.05)

We can eye Dt =0.5 which gives

(Dn, by) =) - 0.125,0.025)

See plot!

9)I et10,1) = -0.4 by=-0.2

2 of(0.1,0.5) = - 0.15 by =
- 0.075

- of (0.5,0.1) =0.01 Dy =0.005

of 10.8,0.05) =0.02 Dy =0.01



dx
-

ot(0,0) =0.1 (x =
0.05

d

1 of10,0.5) =0.05 (x =0.025

ot

1 of10.4,1) = - 0.44Dk = - 0.22

ot

4of(0.4,0.8) = -0.38 Dx =
- 0.s

(see plot.)

h) (n, 3) (6) (Dn, by)

F (2,2)(- 1.2,0.6) (-0.55,0.3)
&

(2,0.5) (-0.55,0.3) 1-0.27,0.15)

&(0.7,0.3) 1-0.22,0.03)(-0.1,0.045)
10.2,1) 1-0.22, -0.2)(-0.., -0.2)



i) See plot '

3) See plot!

a)
-> Recelling thatdu/dt =

0 et

- a +x4

y =

- -x

When a -0 we have

3- - 5
The x nullcine flattens slightly ebove
the y nulldine.

-> Flau erous get mere negative n
components. People record sen quickly?

UNSViRE!

->Atthe limit -10 a nulldine flattens on
&nullchine. Fixed points everywhere?



Exercise 2

2)

·hi(t) =(kij S,(t):

(5?)(5, - d) s, (t)

3=513,:),it)
=-3m*(t)

... 0.5[1 +g(3!m,t))]
· i-5 (3,-2)3=



=e-(1-135) =

(P - a 23) G

23 =
(a +1)4/2 - (N - ( +e)
- 1

- 10
+11

=(d +1)N -r =dN

*

ns (n-din) =1

b)Overlap is a bot-product-like measure

of howclose the currentactivation is

to each of the memorizedpetterns.



-

↑[S:(1) =1] =0.5[1 +9)s =3.2m())] =

-0.5[1 +9(15:4M)] =

=0.5[1 +9) - SM)]
Far 1 =1, M =0.2

p[:(1) =1] =0.5[1 +9)- 0.2)] =

0.5 [1-0.8] =0.1

d)With 1 =1, M =0.2 we have

↑[S: (11) =5. =0.9



m"(1) =iii) (Emat-2)3,"
- 2 15, -213,")
Imismetch

-Intchl mimetchl
N

<m"()) =0.9.0.1 =0.0

Matcher belancer out,
<m(2)3 = of mismetcher balance out

e) Yes. The number of metches/mismetcher
between S(2) and 3"is binomielly

distributed. As -0, stendera deviation

grows with fu only, and fraction of

metches (which determines m) converger
to having Outendard deviation.

8)
-> We here

↑(51t+1) =3."] =0.5[1 +9(sm"(t))]



So we have

m4+ + 2) =2(0.5(1 +9(sm4t))))- 1

= 1 +g(m4(t)) - 1 =g(m"(t))

which we can sole far m =m48) by

m =j(m)

m =1

Final overlop with pettern 4 is 1.

Final overlop with pettern o is 0.

->

m4/0) =0.2 Toller two timesteps

m4(1) =0.8
Tu converge! Gol!

m"(2) =1



3)
Wis 15.15, - a)

n:(t) =

23***(t)

So eventially I rotata pattern ofevery timestep!

mi +2(z +1) =g(m"(t))

Andwith m410) =0.5 we get

mi(1) =0 m5(1) =1

m4(2) =0 mi(2) =0



Exercise 3

a)ob. is the neuron's resting potentiol

I represents howtightly neuous de

connected to each ofher

b) ? i FIND Out!

c) We

went=
-

h =j(h)

1stbronch:1 =0.2

3 ad bronch: n =1

2ud brauch: h =24 - 0.6

!
h =0.6



d) +

2 =9(4) - h

0.2-h 410.4

h -0.6hc[0.4,0.8]I S
1 - 4 h > 0.8

tot A

-

-

-

L

-

S W S
I I I I I I I I I I I I &

- C 0.5 ↳ I L

h



e)
Everything converger eponentially to / from

the

I t/t
releventfixed pointby2

So we need to diviole/multiply the distance

by3 every 3 timesteps

A

-

-

- S
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--
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0



Exercise 4

a(t) =0 (t) +0 (t - t)

S
be

- 4/tm
iff to

o(t) =

0 otherwise

a)Each spille doubletelicits in total

f(t) dt =
2 for() dt=

!

=26 -4 =2btm ka!
itit

So the expected voltage is Lu
Su) =2b tmk

- ↓ ↳ Number of neurous

single doubletDoublets
per second
per neuron



b1)
SU) =2.2mV. Sms - 0.5Hz 1000 =

=2.2mV. 5ms · 5.104/ms. 1000:

=(2.2.5.0.5) mV =10mV

b2) No, the voltage will hover arounde

helf/a third of the threhold. If K

was moller itcould five byfluctuation!

a) Mean input potential world double

1the time integral of each spike would

helve, butwe would have four times as many)


