
1. 	 A forward-differellce formula for l' (xo) can be expressed by 

f'( :co) = ~ [J(xo + h) - f(xo)]- ~f"(xo) - ~2 f"'(xo) + O(h3) 

Use extrapolation to derive an O(h3) formula for 1'(xo). (10%) 

2. 	Suppose that f(x) is a real-valued function having roots in a certain 
r al in terval. For finding a real root of f (x), there is a well-known 
iterative method, named the secant method, which can be described 
by 

f(Xk)(Xk - Xk-l) 
xk+ I = X k - f ( ) f ( ) . 

Xk - Xk-l 

Show that the convergence of the secant method is of order a = H/5. 
(15%) 

3. 	 Let A(c) E lPi.Hxn be a real matrix function of the real variable c, that is , 
each element ofmutrix A(c) is a function of c. Show that the eigenvector 
x(c) corresponding to a multiple eigenvalue A(c) call be not differen­
tiable with respect to c whenever all elements of matrix A( c) and the 
eigenvalue A ( c) are differentiable. ( 10%) 

n 

4. 	 Show that the quadrature formula Q(F) 2: e;,F(Xi) cannot have 
i=l 

degree of precision greater than 2n - 1, regardless of the choice of 
CI, ... , c.n , and Xl, ... , X n . (15%) 

5. 	 Consider the square linear system A:.r = b. Let D be diagonal consist­
ing of the diagonals of A. The parametric Jacobi method, called the 
relaxation of Jacobi iteration (JOR), is expressed by 

Show that if Jacobi iteration cOllverges then JOR converges for 0 < 
w 	:S l. (10%) 
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6. 	 Suppose the square linear system Ax = b has been sdved via the partia.l 
pivoting factorization P A = LU. Assume t-digit, base j-J = 10 floating 
point arithmetic is used and the condition number of A, Koo(A), is 
about 10C!. 

a.) Estimate relative error of computed solution. (5%) 

b.) Can you give any strategy (a numerical method) to improve the 
accuracy of the numerical solution by using the same partial piv­
oting LU-f'actoriza.tion? ( 10%) 

c.) Can you give any strategy to improve the condition number of A 
so that the computed solution is more accurate? (10%) 

7. 	 Consider ih initial-value problem 

y' = f(t, y), for a::; t ::; b with y(a) = ex 

Let 
Wo = Q 


Wi+l = Wi + h¢(t i , Wi, h) for i > 0, 


and 
Wo 	= ex 
Wi+l = Wi + h¢(ti ,i"Ui, h) for i > 0, 

give t"vo one-step methods for approximating so~ution of y(t) with local 
truncation error TH1(h) = O(h,n) and Ti+l(h) = O(hn+1 

) , respectively, 
i.e., 

and 

Please use these two methods to construct. an adapt.ive st.ep-size cont.rol 
lllethod for t.he considering init.ial-value problem. (lJ %) 
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