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Part I: Multiple choice (21%, 3 points each. one answer for each question) 

. 1 _ exp (x2020) -? 

1. hmx--+O xlog (1 + x2019) -. 

(A) -2 (B) -1 

2 ~oo 3nexp(n) -? 
• L..n=O n2+1 - · 

(A) ..fa (B) 1r 

(C) 0 

(C) oo 

3. Let f(x, y) = x4 + y2 ' (x, y) =I- (O, O). Which of the following statement is true? 
{ 

x2y 

0, (x, y) = (0, 0) 

(D) 1 

(D) exp (1) 

(A) f is continuous at (0,0). (B) f is differentiable at (0,0). 

(C) D,,f(0, 0) = ! for u = ( 4, ½) (D) fx(0, 0) = fy(0, 0) = 1 

4. The total number of critical points in f(x, y) = (x2 + y2 )e-x equals 
(A) 0 (B) 1 (C) 2 (D) more than 2. 

5. Find lim (1 - l - 2 )x = 
x• oo x x 

(A) 1 

6. Let f(x) = xi - 5xL Which of the following is true? 
(A) f is differentiable on IR. (B) f (0) is a a local minimum. 

(D) (-1, -6) is a inflation point of y = f(x). (C) f (2) is a local maximum. 

7. Let f(x, y) = x2 + kxy + 4y2 • For what value of k will f have a local minimum at (0, 0)? 
(A) 3 (B) 5 (C) 7 (D) 9 

Part II: Fill in blanks (35%, 5 points each) 

1. Write a Taylor Series about x = 0 for this integral J; exp(:)-l dt = __ _ 

2. If f is differentiable at a, where a> 0, then lim f(~ - f~) = __ 
x--+a yX - ya 

3. Consider the function f(x,y, z) = xy+z2 on the unit ball x2 +y2 +z2 :s; 1. The absolute maximum value 
is , (A) and the absolute minimum value is (B) 

4. If z = y + f(x 2 - y2), where f is differentiable, then y :: + x ~: = __ . 

5. For the function T (x, y) = 20 - 4x2 - y2 , in which direction from (2, -3) does T increase most rapidly? 
(A) What is the rate of increase? (B) 
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Part III: Show Your Calculation 

1. (14%)The optimal investment strategy X E !Rnxl concerns minimizing the risk, denoted by ½XT~X, in 
which ~ is an invertible n x n matrix and T denotes the transpose. Under the following two constraints: 

(a) fixed expected return µTX= m, in whichµ E !Rnxl and m E JR are given, 

(b) the total sum of weights I:~=l Xi= 1, 

find out the optimal investment strategy X* E ]Rnxl. 

2. (15%) Let f(x) = f1
2

x J16 + t4dt. 

(a) Explain why the inverse function off, denoted by 1-1, exist. 

(b) Solve for (J-1)'(O). 

3. (15%) For a positive parameter A, a real-valued function is defined by J(x;A) = Aexp(-Ax); for x ~ 0, 
and J ( x) = 0 otherwise. 

(a) When 0 < A, calculate M(0) = J~
00 

e0
x J(x; A)dx. 

(b) Calculate I(x) = sup0E!R[0x - lnM(0)]. 


