
1.00 Tutorial 9

Matrices, Integration, Root Finding 




0DWULFHV�	�/LQHDU�6\VWHPV


•	 Matrices often used to 
represent a set of linear 
equations 

• Matrix  A and right-
hand side b are known 

•	 n unknowns x related 
to each other by m 
equations 



0DWUL[�5HSUHVHQWDWLRQ


•	 Create Matrix classes 
and have methods for 
adding, subtracting, 
multiplying, forming 
identity matrix etc. 

•	 A 2-D array is a reference 
to a 1-D array of 
references to 1-D arrays of 
data. This is how matrix 
data is stored in class 
Matrix. 



7UDYHUVLQJ��'�$UUD\V

• Say  double[][] data = new double[M][N] 
• data.length = number of rows (M) 

• data[0].length = number of columns (N) 

• Typical operation accessing all elements of a Matrix 
for(int i = 0; i < data.length; i++) { 

for(int j = 0; j < data[0].length; j++) { 

// Do something here 

}


}




0DWUL[�H[HUFLVH


•	 Add an instance method in the Matrix 
class to extract a MxN submatrix of a given 
matrix starting at position (I,J) 

•	 If the input is invalid (section too large, etc.), 
return null 

• Use  Matrix.java, MatrixTest.java




Numerical Integration & Root Finding

•	 Packaging mathematical functions as objects


– In some languages methods can be passed around 
as arguments 

• In C and C++ done using “Function Pointers” 
– Java does not directly allow this, so we have to fake 

it: wrap the method inside a class or interface 
– So, instead of writing a method called max and 

passing it around by name, write a class that has a 
max method, and pass around objects of that class. 

•	 It’s good practice to have classes that represent 
functions implement a common interface 
– Why? Suppose we have an algorithm that is general 

to all 1-D functions, we need to implement it only 
once – makes code maintainable and portable 



1XPHULFDO�,QWHJUDWLRQ

•	 Basic problem: Given f(x), evaluate


xxxx=bbbb

xxxxFFFF = ∫ ffff ))))(((( dxdxdxdx
xxxx=aaaa

•	 Approaches: 
–	 Monte Carlo: Sample [a,b] randomly, add up function values 

at each sampled point, divide by b-a. 
•	 Woefully inaccurate !! Needs a large number of samples 

–	 Rectangular/Trapezoidal/Simpson’s: Approximate f using 
piecewise constant, linear, parabolic segments and integrate 
each segment individually 

–	 More “elite” algorithms like Gauss quadrature 



1XPHULFDO�,QWHJUDWLRQ


Almost never 
used 

Use fancier version 
covered in the 
lecture 



,PSURYHG�7UDSH]RLGDO�5XOH

•	 Basic Idea: Divide and Conquer 
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•	 Hence, to compute integral at one subdivision, need to know integral at 

previous subdivision – therefore need to call trapzd multiple times 
(Can use recursion instead of a for loop) 



,QWHJUDWLRQ�([HUFLVH

•	 Compute PI using “fancy” Trapezoidal rule 

–	 Recall calling convention ! 

–	 Why not using the regular Trapezoidal rule? 
•	 Hint: More accurate? Fewer operations? Recommended by TA? 

xxxx=1 

dxxxxππππ = ∫ 1 + 
4 

xxxx
2 

xxxx=0 

•	 Implement MathFunction in FuncPI.java 

• Complete main() in ComputePI.java 

•	 How accurate is your estimate? How does it converge with 
the number of intervals? 



5RRW�)LQGLQJ�0HWKRGV


7ZR�PDMRU�W\SHV�� 
ವ %UDFNHWLQJ�PHWKRGV��VROXWLRQ�PXVW�EH�NQRZQ�WR�OLH�LQ�%UDFNHWLQJ�PHWKRGV
%UDFNHWLQJ�PHWKRGV%UDFNHWLQJ�PHWKRGV
D�SDUWLFXODU�LQWHUYDO���$OZD\V�FRQYHUJH�WR�WKH�YDOXH�RI� 
D�URRW�LQ�WKDW�FDVH� 
ದ %LVHFWLRQ��)DOVH�3RVLWLRQ 

ವ 2SHQ�PHWKRGV��XVH�RQH�RU�PRUH�LQLWLDO�JXHVVHV��EXW�
2SHQ�PHWKRGV2SHQ�PHWKRGV
2SHQ�PHWKRGV
LWಬV�QRW�QHFHVVDU\�WR�NQRZ�WKH�LQWHUYDO�LQ�ZKLFK�D�

VROXWLRQ�OLHV��1RW�JXDUDQWHHG�WR�FRQYHUJH�WR�D� 
VROXWLRQ��

ದ )L[HG�SRLQW�LWHUDWLRQ��6HFDQW��1HZWRQ�5DSKVRQ




1HZWRQ�5DSKVRQ

ವ	2QO\�RQH�LQLWLDO�JXHVV�QHHGHG��QR�EUDFNHWLQJ


ವ	)RU��'�IXQFWLRQV��QHZ�JXHVV�xnew LV�WKH���FURVVLQJ�RI�
D�WDQJHQW�OLQH�IURP��xold��f(xold)���7KLV�UHTXLUHV�WKH� 
GHULYDWLYH�RI�f(x)��)RU�!�'�IXQFWLRQV�DOO�ILUVW�RUGHU�
SDUWLDO�GHULYDWLYHV�UHTXLUHG�� 

ವ	8VXDOO\�FRQYHUJHV�TXLFNO\��RVFLOODWLQJ�DURXQG�
VROXWLRQ��SURYLGHG�LQLWLDO�JXHVV�LV�JRRG�� 

ವ	5HTXLUHV�FKDQJH�RI�LQWHUIDFH�IRU�IXQFWLRQV�WR�EH�
VROYHG�E\�1HZWRQಬV�PHWKRGಹ�ZKDW�FKDQJH��DQG�
ZK\"� 
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,QWHUIDFH�IRU�IXQFWLRQV�VROYHG�

XVLQJ�1HZWRQ�5DSKVRQ


public interface MathFunction2 {


} 

public double fn(double x);


public double fd(double x);


xxxx xxxxffff ))))(((( ffff ))))((((’
’’’



5RRW�)LQGLQJ�([HUFLVH

•	 When is xxxx = cos(cos(cos(cos(xxxx)))) ? 
• Implement MathFunction2 in

NewtonFunc.java


•	 Complete the main() method in 
NewtonTest.java


•	 How many Newton iterations does it 
take? What is the final error in the root? 

• Optional Exercise: Compare with 

Bisection/Fixed point iteration




PS 8: Numerical Methods

•	 Numerical integration (Sailboat Mast) 

– Given  
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– Need to compute 
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– Use Rectangular, Trapezoidal and Simpson’s rules 
– Treat Simpson’s rule as accurate and see how 

much the other methods differ from it. 



Approach

•	 Write two classes implementing MathFunction, one 

for f(z) and other for z*f(z) 

•	 In the main method, for each of the three integration 
schemes, evaluate f(z) and z*f(z) by passing the 
classes you implemented to the respective integration 
methods 

•	 For Rectangle rule , use Integration.Rect in file 
Integration.java 

•	 For Trapezoidal rule, use Trapezoid.trapzd in file 
Trapezoidal.java >UHPHPEHU�FDOOLQJ�FRQYHQWLRQ�@ 

•	 For Simpson’s rule, use Simpson.qsimp in file 
Simpson.java 



PS 8: Numerical Methods

• Root finding (Open channel flow)


–	Find a d such that 
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–	Use bisection and Newton iterations 
•	 Need to modify RootFinder.rtbis and 
Newton.newt to output the number of iterations 

–	Key problems 
•	 Implementing f(d) 

•	 Validating the input (Cannot have negative values!) 
•	 Reasonable choices for initial guesses ?? 



$SSURDFK

•	 Implement MathFunction (for bisection) 

and MathFunction2 (for Newton) 
– Hint: Can write one class implementing both 

interfaces (cf. multiple inheritance) 
– Expressions given in the pset 

• In the  main() method: 
– Get inputs from using JOptionPane 
– Simply pass in objects of your class into the 

solvers and solve for d 
– Compute velocity, flow rate, etc.




PS 8: Numerical Methods

• Optional GUI
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