Chapter 10 Projects

Project 1:

1. [after §10.4] Demographic Projections ***:

The rate of growth (or decrease) in world population depends on the average number of children each person has and the average child-bearing age. In the long run, the average individual standard of living decreases as the number of people increases and world resources decrease. This project demonstrates these effects. Here is the code for the top-level class (the driver) in this program:

/*************************************************************

* Demographics.java

* Dean & Dean

*

* Population effects on resources and income.

*************************************************************/

import java.util.Scanner;

public class Demographics

{

  public static final int YOUNGEST_ADULT = 20;

  public static final int YOUNGEST_SENIOR = 60;

  public static final int MAXIMUM_AGE = 100;

  public static final double TAX_RATE = 0.3;

  public static final double LOSS_RATE = 0.3; // by government

  public static final double SUSTAINABLE_PRODUCTION = 25.0E12;

  public static final double INITIAL_RESOURCES = 2.0E15;

  public static void main(String[] args)

  {

    Scanner stdIn = new Scanner(System.in);

    double adultExtractionExpense;

    int years;                       // simulation steps

    int outputYear;                  // first output step

    People youth;

    People adults;

    People seniors;

    Government government;

    Environment environment;

    People.initialize(MAXIMUM_AGE);

    System.out.print("Each adult's annual unsustainable " +

     "extraction in dollars(3000?): ");

    adultExtractionExpense = stdIn.nextDouble();

    // create and initialize objects

    youth = new People(0, TAX_RATE, 0.0);

    adults = new People(YOUNGEST_ADULT, TAX_RATE,

      adultExtractionExpense);

    seniors = new People(YOUNGEST_SENIOR, TAX_RATE, 0.0);

    government = new Government(LOSS_RATE);

    environment = new Environment(

      SUSTAINABLE_PRODUCTION, INITIAL_RESOURCES);

    // input simulation parameters

    System.out.print("Enter number of years to simulate: ");

    years = stdIn.nextInt();

    System.out.print(

      "Enter first year to output economics: ");

    outputYear = stdIn.nextInt();

    // simulate

    for (int year=0; year<years; year++)

    {

      People.simulate(youth, adults, seniors);

      government.govern(youth, adults, seniors, environment);

      if (year >= outputYear)                // print output

      {

        System.out.println("year " + year);

        System.out.printf("youth= %.1f billion\n",

          youth.getPopulation() / 1.E9);

        System.out.printf("adults= %.1f billion\n",

          adults.getPopulation() / 1.E9);

        System.out.printf("seniors= %.1f billion\n",

          seniors.getPopulation() / 1.E9);

        System.out.printf("total= %.1f billion\n",

          People.getTotalPopulation() / 1.E9);

        System.out.printf("Consumption: $%,.0f trillion\n",

          (youth.getIncome() + adults.getIncome() +

          seniors.getIncome())/1.E12);

        System.out.printf("Taxes: $%,.0f trillion\n",

          government.getTaxes()/1.E12);

        System.out.printf("Resources: $%,.0f trillion\n",

          environment.getCurrentResources()/1.E12);

      }

    } // end for year

  } // end main

} // end class Demographics
The following sample sessions illustrate the effects.
First sample session:
Youngest child-bearing age (15?): 15
Oldest child-bearing age (40?): 40
Children per year in child-bearing years (0.16?): 0.16
Annual unsustainable extraction in $/person (3000?): 3000
Enter number of years to simulate: 2
Enter first year to output economics: 1
year 1

youth= 3.2 billion
adults= 2.0 billion
seniors= 0.0 billion
total= 5.2 billion
Consumption: $31 trillion
Taxes: $13 trillion
Resources: $1,977 trillion
Second sample session:
Youngest child-bearing age (15?): 15
Oldest child-bearing age (40?): 40
Children per year in child-bearing years (0.16?): 0.16
Annual unsustainable extraction in $/person (3000?): 3000
Enter number of years to simulate: 100
Enter first year to output economics: 99
year 99

youth= 4.6 billion
adults= 3.6 billion
seniors= 0.2 billion
total= 8.4 billion
Consumption: $30 trillion
Taxes: $13 trillion
Resources: $815 trillion
Third sample session:
Youngest child-bearing age (15?): 15
Oldest child-bearing age (40?): 40
Children per year in child-bearing years (0.16?): 0.12
Annual unsustainable extraction in $/person (3000?): 1500
Enter number of years to simulate: 100
Enter first year to output economics: 99
year 99

youth= 1.4 billion
adults= 1.5 billion
seniors= 0.1 billion
total= 3.1 billion
Consumption: $25 trillion
Taxes: $11 trillion
Resources: $1,458 trillion
These 100-year results suggest the following: Suppose each child-bearing couple has 0.16 * (40 ‑ 15) = 4 children, and each adult extracts from nonrenewable environmental resources at a rate of $3,000 per year. Then, the population will increase from 5.2 billion to 8.4 billion, resources will decrease from $1,977 trillion to $815 trillion, and the standard of living (consumption per person) will decrease from ($31 trillion / 5.2 billion) ≈ $5,000 per person per year to ($30 trillion / 8.4 billion people) ≈ $3,600 per person per year. On the other hand, suppose each child-bearing couple were to have only 0.12 * (40 – 15) = 3 children, and each adult extracted from nonrenewable environmental resources at a rate of only $1500 per year. Then, the population would decrease from 5.2 billion to 3.1 billion, nonrenewable resources would decrease from $1,977 trillion to $1,458, and the individual standard of living would improve to ($25 trillion / 3.1 billion people) ≈ $8,000 per person per year. With a lower population, there would be more sustainable resources per person.

Here is a UML class diagram for the other classes driven by the class just defined:
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Government class:

The constructor initializes the lostFraction. For each of the three groups of people, the govern method calculates a distribution using the following algorithm:

group distribution ←

  (total distribution) * (group population fraction)

Then it calls the earn method in the people class for each group with the corresponding group distribution value as the first argument. It accumulates taxes by summing the values returned by youth, adults, and seniors calls to the earn method and it updates total distribution for the next year with this algorithm:

total distribution ←

  (total taxes) * (1.0 – lostFraction)

People class:

The constructor initializes youngest age, tax rate, and individual extraction expense.

The earn method computes:

extractionExpense ←

  individualExtractionExpense * groupPopulation

Then it passes its population fraction and extraction expense to the produce method in the Environment class and gets back a total production, which is the sum of sustainable production and nonrenewable resource extraction with value added to the latter. Each group’s gross income is what it produces plus what’s been distributed to it by the government. This group’s taxes are gross income times the tax rate, and the net income is gross income minus taxes. The earn method returns the computed taxes.

The initialize method is a class method. It instantiates the population array and assigns a reference to it to a class variable. Then it steps through each population by age and initializes it with the following rule:

if (age < maxAge/2)

  population[age] ← (long) ((1.0 - 0.02 * age) * 2 x 108)

else

  population[age] ← 0

While doing this, the method accumulates an initial value for totalPopulation. Then the method asks the user for values of youngest child-bearing age, oldest child-bearing age and the fertility rate in this age range.

The simulate method computes aging and death in one year by implementing the following algorithm:
for age from max age to age 1

  ageFactor ← age / 100.0

  mortality ← M0 + M1*ageFactor + M4*(ageFactor)4
  population[age] ← population[age-1] * (1.0-mortality)

Then it adds new births with the following algorithm:
population[0] ← 0

for age from youngest to oldest child-bearing age

  population[0] ← population[0] +

    0.5 * population[age] * primeFertility;

Then it accumulates the number of people in each age group and recomputes the total number of people. It also determines the fraction of people in each age group. Finally, it uses its youth, adults, and seniors reference-variable parameters to reset the total number of people and the population fraction in each of the three population objects.

Environment class:

The constructor initializes sustainableProduction, initialResources, and currentResources (= initialResources). The produce method is called by each of the three groups of people. It computes:


extraction ← yieldFactor * extractionExpense *

     (currentResources / initialResources);

This produce method reduces currentResources by the amount of the computed extraction. Then it returns: 

extraction + (this group's populationFraction) *

  (total sustainableProduction)
Government





+Government(lostFraction : double)


+getTaxes() : double


+govern(youth : People, adults : People, seniors : People,


   environment : Environment) : void





-lostFraction : double


-taxes : double


-distribution : double
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+Environment(production : double, resources : double)


+getCurrentResources() : double


+produce(populationFraction : double, extractionExpense : double) : double








-sustainableProduction : double


-initialResources : double


-currentReseources : double


-yieldFactor : double = 2.0





















































































































































+People(youngest : int, taxRate : double, extractionExpense : double)


+getPopulation() : long


+getPopulationFraction() : double


+earn(distribution : double, environment : Environment) : double


+getIncome() : double


+getTotalPopulation() : long


+initialize(maxAge: int) : void


+simulate(youth : People, adults : People, seniors : People) : void








-M0 : double = 0.015


-M1 : double = 0.05


-M4 : double = 0.22


-youngestChildBearingAge : int = 15


-oldestChildBearingAge : int = 40


-primeFertility : double = 0.16


-population : long[]


-totalPopulation : long


-youngest : int


-taxRate : double


-individualExtractionExpense : double


-income : double


-groupPopulation : long


-populationFraction : double
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