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ANSWER QUESTION ONE AND ANY OTHER TWO QUESTIONS

QUESTION 1 (30 Marks)

a. Briefly define the following terms (6 marks)
a. Random Numbers.
b. Simulation.
c. Jacknief.

b. Given the following numbers, generate 3 random numbers (2 marks)
Xo=27,a=7,c=43,m =100
c. 1000 random numbers were obtained using Linear congruential generators are shown in
the table below.
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Using the Chi-square test at 0.1 significant level, perform the appropriate test for these
random numbers (7 marks)

d. Using Poi(2) distribution, simulate two random values given the following random
numbers: 0.721 and 0.128 from U(0,1). (5 marks)
e. Suppose you want to find the integral of the following function:
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f —x3 4+ 6x% —x + 17dx

-2
Describing the Monte Carlo integration, and using any 3 values for X, obtain the value of
the integral. (7 marks)

f. Name any three random number generators (3 marks)

Question Two (15 Marks)

a. Outline the acceptance rejection method of sampling, hence or otherwise describe how
you would draw X~N (u, ) (9 marks).

b. Assume that you have the following data set: Xy, ..., X;,. Let M}, be the median. Discussing
what is bootstrapping, outline how you would obtain the bootstrap estimate of the

variance, MSE and confidence interval of M, (6 marks).

Question Three (15 Marks)

a. Suppose you have the following N =5 numbers: 0.44, 0.81, 0.14, 0.05, 0.93. Compare the
CDF, F(X) of the uniform distribution, with that of the empirical CDF Sy(x), of the N
sample observations using the Kolmogorov-Smirnov test (10 marks)

b. Briefly explain the expectation maximization algorithm (5 marks)

Question Four (15 Marks)

a. Variance reduction a is done in such a way that one can reach the same precision with
lower numbers of draws or equivalently, a higher precision with the same number of
draws.

Using the following integral as an example,

1
I=J e*dx
0

and the following 3 draws from U(0,1): 0.44, 0.81, 0.14, discuss two variance reduction
methods (15 marks)

Question Five (15 Marks)

a. Describe the Markov Chain Monte Carlo sampling technique (10 marks).

b. Simulate three random values from Exp(0.1) distribution using the random values: 0.113,
0.608 and 0.003: Hint: The pdf of exponential distribution is: f(x) = de **,x > 0 (5
marks).



Kolmogorov-Smirnov Critical Values

Degrees of
Freedom B
N) . Do.1o Dy 05 Door
1 0950 0975 0.995
2 0.776 0.842 0.929
3 0.642 0.708 0.828
4 0.564 0.624 0.733
5 0.510 0.565 0.669
6 0.470 0521 0518
7 0.438 0.486 0.577
8 0411 0457 0.543
9 0.388 0.432 0.514
10 0.368 0.410 0.490
11 0.352 0.391 0.468
12 0.338 0.375 0.450
13 0.325 0.361 0.433
14 0.314 0.349 0.418
i5 0.304 0.338 0.404
16 0.295 0.328 0.392
17 0.286 0.318 0.381
18 0.278 0.309 0.371
19 0.272 0.301 0.363
20 0.264 0.294 0.356
25 0.24 0.27 0.32
30 0.22 0.24 0.29
35 021 0.23 0.27
Over - - 122 1.36 1.63
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Chi-square Distribution Table

d.f. 995 99 975 .95 9 1 .05 .025 .01
1 000 000 000 000 0.02 2.71 3.84 5.02 6.63
2| 001 0.02 005 010 0.21 4.61 5.99 7.38 9.21
3] 007 011 022 035 0.58 6.25 7.81 9.35 11.34
41 021 030 048 0.71 1.06 7.78 9.49 11.14  13.28
5| 041 055 083 115 1.61 9.24 11.07 12.83 15.09
6| 068 087 124 164 220 1064 12,59 1445 16.81
71 099 124 169 217 283 1202 14.07 16.01 18.48
8| 134 1.656 218 273 349 1336 15.51 17.53  20.09
9| 173 209 270 333 417 14.68 1692 19.02 21.67

10 | 216 256 3.25 394 487 1599 1831 2048  23.21
11 | 2,60 3.06 3.82 457 5.58 1728 19.68  21.92  24.72
12 | 3.07 357 440 523 630 1855 21.03 23.34  26.22
13 | 357 411 501 589 704 1981 2236 24.74 27.69
14 | 4.07 4.66 563 657 7.79 21.06 23.68 26.12 29.14
15| 460 5.23 6.26 7.26 855 2231 25.00 27.49  30.58
16 | 514 581 691 796 931 2354 2630 28.85 32.00
17 | 570 6.41 756 8.67 10.09 2477 27.59 30.19 3341
18 | 626 7.01 823 939 10.86 2599 28.87 31.53 34.81
19| 684 763 891 10.12 11.65 2720 30.14 32.85 36.19



