PAD 824 – Advanced Topics in System Dynamics

In Class Exercises

1.
The following Vensim diagram and set of equations represent the logistic model.  Translate the Vensim diagram to a differential equation.

[image: image1.wmf]Population

Net Birth

Rate

Carrying

Capacity

Fractional

Net Birth

Rate

+

+

+

-

Maximum

Fractional

Net Birth

Rate

+

R

B

Initial

Population

Fraction


(01)
Carrying Capacity=



1


Units: Individuals


The carrying capacity of the environment. Defined as 1 for 




testing (100% of its value).

(02)
FINAL TIME  = 15


Units: Period


The final time for the simulation.

(03)
Fractional Net Birth Rate=



Maximum Fractional Net Birth Rate * (1 - Population/Carrying Capacity)


Units: 1/Period


The fractional net birth rate is a linearly declining function 




of the population relative to carrying capacity.

(04)
Initial Population Fraction=



0.001


Units: Dimensionless


The initial population as a fraction of the carrying capacity.

(05)
INITIAL TIME  = 0


Units: Period


The initial time for the simulation.

(06)
Maximum Fractional Net Birth Rate=



1


Units: 1/Period


The maximum fractional growth rate is set to 1, thus scaling 




time so that 1 time unit = 1/g* (yielding the standard logistic 




curve).

(07)
Net Birth Rate=



Fractional Net Birth Rate * Population


Units: Individuals/Period


The net birth rate is the product of the fractional net birth 




rate and population.

(08)
Population= INTEG (



Net Birth Rate,




Initial Population Fraction * Carrying Capacity)


Units: Individuals


The population accumulates the net birth rate. Initialized to a 




fraction of the carrying capacity.

(09)
SAVEPER  = 


        TIME STEP


Units: Period


The frequency with which output is stored.

(10)
TIME STEP  = 0.125


Units: Period


The time step for the simulation.

2.
This is the Bass diffusion model.  Translate the model to a differential equation.
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(01)
Adopters A= INTEG (



Adoption Rate AR,




0)


Units: Units


The number of active adopters in the system.

(02)
Adoption Fraction i=



0.015


Units: Dimensionless


The fraction of times a contact between an active adopter and a 




potential adopter results in adoption.

(03)
Adoption from Advertising=



Advertising Effectiveness a*Potential Adopters P


Units: Units/Year


Adoption can result from advertising according to the 




effectiveness of the advertising effort with the pool of 




potential adopters.

(04)
Adoption from Word of Mouth=



Contact Rate c*Adoption Fraction i*Potential Adopters P*Adopters A/Total Population N


Units: Units/Year


Adoption by word of mouth is driven by the contact rate between 




potential adopters and active adopters and the fraction of times 




these interactions will result in adoption. The word of mouth 




effect is small if the number of active adopters relative to the 




total population size is small.

(05)
Adoption Rate AR=



Adoption from Advertising + Adoption from Word of Mouth


Units: Units/Year


The rate at which a potential adopter becomes an active adopter. 




This is driven by advertising efforts and the word of mouth 




effect.

(06)
Advertising Effectiveness a=



0.011


Units: 1/Year


Advertising results in adoption according the effectiveness of 




the advertising.

(07)
Contact Rate c=



100


Units: 1/Year


The rate at which active adopters come into contact with 




potential adopters.

(08)
FINAL TIME  = 10


Units: Year


The final time for the simulation.

(09)
INITIAL TIME  = 0


Units: Year


The initial time for the simulation.

(10)
Potential Adopters P= INTEG (



-Adoption Rate AR,




Total Population N - Adopters A)


Units: Units


The number of potential adopters is determined by the total 




population size and the current number of active adopters.

(11)
SAVEPER  = 


        TIME STEP


Units: Year


The frequency with which output is stored.

(12)
TIME STEP  = 0.0625


Units: Year


The time step for the simulation.

(13)
Total Population N=



1e+006


Units: Units


The size of the total population.

3.
Translate the multiplier-accelerator model into a system of differential equations.

[image: image3.wmf]Aggregate

production

Change in

production

Production

adjusting time

Aggregate

demand

Consumption

Marginal propensity

to consume

Government

spending

Investment

Previous

years GNP

Accelerator

coefficient

Disturbance

-

+

-

+

+

-

+

+

+

+

+

GNP averaging

time

B

R

R


(01)
Accelerator coefficient=



1


Units: Dmnl

(02)
Aggregate demand=



Consumption+Government spending+Investment+Disturbance


Units: Dollars

(03)
Aggregate production= INTEG (



Change in production,




1000)


Units: Dollars

(04)
Change in production=



(Aggregate demand-Aggregate production)/Production adjusting time


Units: Dollars/Year

(05)
Consumption=



Aggregate production*Marginal propensity to consume


Units: Dollars

(06)
Disturbance=



STEP(-50, 3)


Units: Dollars

(07)
FINAL TIME  = 24


Units: Year


The final time for the simulation.

(08)
GNP averaging time=



1


Units: Year

(09)
Government spending=



200


Units: Dollars

(10)
INITIAL TIME  = 0


Units: Year


The initial time for the simulation.

(11)
Investment=



(Aggregate production-Previous years GNP)*Accelerator coefficient


Units: Dollars

(12)
Marginal propensity to consume=



0.8


Units: Dmnl

(13)
Previous years GNP=



SMOOTH(Aggregate production, GNP averaging time)


Units: Dollars

(14)
Production adjusting time=



1


Units: Year

(15)
SAVEPER  = 


        TIME STEP


Units: Year


The frequency with which output is stored.

(16)
TIME STEP  = 0.125


Units: Year


The time step for the simulation.

4.
Kermack and McKendrick (1927) develop a differential equations model to describe epidemic processes.  Build a Vensim diagram using the differential equations (example taken from Richardson, G. Feedback Thought in Social Sciences and Systems Theory pp. 34-36)
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where:

S=the number of susceptible people

I=the number of infectious people

a=proportional parameter for the rate of infection (

b=proportion of people removed from the infectious pool
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