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Sometimes known as quadrature, numerical integrations are the approximate computation of the integral using numerical methods. Integration methods include Rules such as the rules stated below: [2]
[bookmark: _Toc183792038]Trapezoid rule:
The trapezoid is a better method compared to the midpoint because of its shape fitting the curve much better, by taking two points on the curve, connect them with a straight line and calculate the area of each trapezoid. Afterwards, add the trapezoid areas and get the total estimate. This rule is based on Newton-Cotes formula [3]

Advantages of the Trapezoid rule[4]:
· Calculation simplicity.
· Powerful convergence properties.
· Higher accuracy than other rules.

Disadvantages of the trapezoid rule
· The accuracy is dependent on the node selection.
· Errors can be reduced by breaking curve into parts.

[bookmark: _Toc183792039]Simpson’s rule:
Better Numerical integration method is the Simpson's rule because instead of using the straight line in the trapezoid rule, the Simpson's rule aims to have a curved line to go with the flow of the curve. By dividing the curve into an even number of intervals and for every two intervals include a parabola, as parabola fit the curve better than a straight line, it gives a more accurate result rather than the midpoint rule and trapezoid rule.

Advantages of Simpson’s rule:
· 3Rd order accurate.
· Allows nesting of evaluations efficiency.
Disadvantages of Simpson’s rule:
· More complicated than other integration methods.
· Weak against certain data patterns.
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[bookmark: _Toc183792041]Verlet Integration
One of the most popular methods of N.I in games development as well as its partner, velocity Verlet. By using the verlet Integration method will allow for more accuracy due to it being a higher order integration method [5].  The reason that this integration method is different from others is because that this method calculates the position based off the acceleration, whereas the Euler calculates position from velocity. Here is how the calculation for the verlet Integration method: 

Positionn+1 = 2*Positionn– Positionn-1+ Acceleration*dt2

However accurate this calculation is based off acceleration, if we tried calculating the velocity from this, it would be a tough approximation of the velocity and not an accurate number. This suggests that if a velocity were to change for the game object, such as a vehicle, would not be very accurate, however for things that do not change much within velocity, such as projectile trajectory fired from a gun or particle systems, is a popular use of this numerical integration method[5].

[bookmark: _Toc183792042]Velocity verlet
A method to increase the accuracy of the velocity would be to include Velocity Verlet. This process splits down into four steps, we calculate the velocity twice, once at a half time step and once again after calculated the next acceleration. 

Step 1) Velocityn+1/2 = Velocityn + Accelerationn*dt/2
Step 2) Positionn+1 = Positionn + Velocityn+1/2 *dt
Step 3) Accelerationn+1 = Force/Mass
Step 4) Velocityn+1 = Velocityn+1/2 +Accelerationn+1*dt/2         [6]

[bookmark: _Toc183792043]Runge Kutta 4th Order [7]
The Runge Kutta method approximates the value of a Y point for the given X point. Only first order ODE could be solved using this method.
y1 = y0 + (⅙) (k1 + 2k2 + 2k3 + k4)
Here,
k1 = hf(x0, y0)
k2 = hf[x0 + (½)h, y0 + (½)k1]
k3 = hf[x0 + (½)h, y0 + (½)k2]
k4 = hf(x0 + h, y0 + k3)

When would you use Eulers
Eulers is a popular choice for Platformer physics or projectiles, this is because with projectiles, they are relatively fast at ignition and fast to come to a stop, this is a great option to use Euler’s method because of such reasons. There is no need for the accuracy of the projectile as they are meant to be extremely fast to hit their destination.

When would you use RK4
RK4 (Runge Kutta 4) is normally used for flight simulations where accuracy is required throughout the time in the air and would be so for a while. RK4 is also usually used for ragdoll physics and space games.

Comparison of the both (Table)
	
	Euler's Method
	RK4 Method

	Accuracy
	Low (large error over time)
	High (small error over time)

	Performance
	Very fast (low computational cost)
	Slower (higher computational cost)

	Stability
	Can diverge for stiff systems
	More stable for complex systems[8]
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Click on this link to be redirected to the video of part 2: https://youtu.be/U0zGE0qVpno 
(The video has no Audio however there are subtitles here and there to explain the code throughout the video)
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