
MAE384 HW1 Discussion

Prob. 1 
We have already discussed this problem in some detail in class. The only point of note is that chopping, 
instead of rounding, should be applied to every step of the calculation when using the toy calculator. 
Those who applied rounding would find the error randomly fluctuating up and down.  With chopping, 
the true relative error grows monotonically with N. Attached is a plot of TRE vs. N.

Prob. 2
The answer is 10010100011111, in binary.

Prob 3
There is only one positive solution for this equation. See attached sample solution version 1 for a 
solution by hand, and version 2 for a relevant Matlab code.

Prob 4
The equation has three solutions, x = -2.9922..., x = 0.60898..., and x = 2.10935...  Three versions of 
sample solutions are attached. Version 1 obtained the solutions by hand. Version 2 is included for its 
detailed discussion. Version 3 provides relatively simple Matlab codes, using only the commands that 
have been discussed in the class. (This is for those who find the codes in Version 2 mysterious.)

Prob 4, further discussion: Choosing an initial guess that's close to the desired solution usually leads 
to convergence into that solution. Since the initial “slope”, f '(x1), where x1 is the initial guess, 
determines the direction that the initial guess will move into, the points where f '(x) = 0 approximately 
mark the boundaries of the "basins of attraction"; Initial guesses that fall within the same "basin" will 
converge to the same solution (which itself is located within the basin).  Since f '(x) = 0 at x ≈ -1.92 and 
1.37, we know approximately that an initial guess with x1  < -1.92 leads to the solution of x = -2.9922; 
Initial guesses with -1.92 < x1  < 1.37 lead to x = 0.60898, and those with x1  > 1.37 lead to x = 2.10935. 
It's important to note that the demarcation of the basin of attraction obtained in this simple manner is 
only approximate but not exact.  In the vicinity of where f '(x) = 0, Newton's method becomes nearly 
singular (it blows up if f '(x1) = 0) and the outcome of the iterative process can be surprising.  Indeed, in 
version 2 of our sample solution, we find "surprises" with the initial guesses x1  = -1.9, -1.8, -1.7, -1.6, 
and -1.5 (which are located in the vicinity of x = -1.92), and another surprise with x1  = 1.3 (located in 
the vicinity of x = 1.37).  This behavior is very common to Newton's method.   (Recall the beautiful 
"fractal" picture for the solution of z3 - 1 = 0 that we briefly discussed in class.)



Solution, Prob 3  version 1 (by hand)    Thanks to Jason Kmon



Solution, Prob 3  version 2 (Matlab code by HPH)

The following is a barebone program that chooses [1, 3] as the initial interval and performs 5 iterations. 
The number of iteration (5) is pre-determined by the consideration that the length of the interval is 
halved after each iteration.  Solving 2/2N < 0.1 yields the minimum value of N as 5.  (The "0.1" here is 
2 x 0.05, since we allow +/- 0.05 as the tolerance.)  Note that at the end of the process we pick the mid-
point as the final solution.

xleft = 1;
xright = 3;
for k = 1:5
    xm = (xleft+xright)/2;
    if (sin(xm)-0.4*xm)*(sin(xleft)-0.4*xleft) < 0
        xright = xm;
    else
        xleft = xm;
    end
end
xm = (xleft+xright)/2;
fprintf('solution is %12.6f \n',xm)

This simple program ignores the possibility that the mid-point may coincides with the exact solution. A 
minor modification would easily take that into account. This is left to you as an exercise.



Solution, Prob 4  version 1 (by hand)       Thanks to Jason Kmon
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Solution, Prob 4  version 2 (Matlab, next 3 pages)    Thanks to Susanna Young
(Fast forward to the end to see the discussion.  For simpler Matlab codes, see version 3)
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(Continued from previous page)

The above calculation shows how the final solution is related the initial guess.   Note that this is  
accomplished by embedding the segment of Matlab code for a single solution within another do loop 
that steps through different initial guesses, in this case from -5 to 3.5 with an increment of 0.1.   Notice 
the "surprising" outcomes with x1 = -1.9, -1.8, -1.7, -1.6, and -1.5, and x1 = 1.3.  See general 
discussion in p. 1 for further explanation.  -- HPH



Solution, Prob 4   version 3 (Simpler Matlab codes by HPH)

A barebone version for obtaining a single solution (this example chooses initial guess = 0.1 and 
performes 10 iterations):

x = 0.1;
for m = 1:10
   x = x - (exp(-x)-x^2+3*x-2)/(-exp(-x)-2*x+3);
   fprintf('solution is %12.7f  after %3i iteration(s) \n',x,m)
end

To aid the discussion, the following is an example that steps through a range of initial guesses (from -3 
to 3 with an increment of 0.1) to obtain the corresponding final solutions. The outcome is similar to that 
in the discussion in version 2.

fprintf('     initial     final   \n')
for k = 1:51
    x = -3+(k-1)*0.1;
    xinitial = x;
    for m = 1:30
        x = x - (exp(-x)-x^2+3*x-2)/(-exp(-x)-2*x+3);
    end
    xfinal = x;
    fprintf('%12.6f %12.6f \n',xinitial,xfinal)
end


