Michigan State University

STT 455 - Actuarial Models T
Class Test 2
Monday, 17 November 2013
Total Marks: 100 points

Please write your name and student number at the spaces provided:

Name: g,« GGESTED SCJLU‘TT ONS

e There are five (5) multiple choice (MC) and one (1) written-answer questions
here and you are to answer all questions asked. Points assigned are clearly
indicated on each question.

e Please provide details of your workings in the appropriate spaces provided;
partial points will be granted.

e Please write legibly.
e Anyone caught writing after time has expired will be given a mark of zero.

e The Illustrative Life Table (ILT) is attached in the last two pages of this paper.
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MC Question No. 1: (10 points)
For a special whole life insurance on (40), you are given:

e The death benefit is payable at the moment of death.
e The death benefit is $500 during the first 10 years, and $250 thereafter.
e Mortality follows the I1lustrative Life Table.

e Deaths are uniformly distributed over each year of age.
e i =6%
Calculate the actuarial present value of this insurance.
(a) 7.10
(b) 14.24
(c) 18.85

(d) 23.30

/ (e) 48.65
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MC Question No. 2: (10 points)

Suppose you are given the following extract from a select table with three years select period:

@] ) L1 lpjee leys X43
50 1000 994 986 976 58
51 992 984 975 967 59
52 982 974 966 959 60

Caleulate d, - if i = 10%.
(a) 2.60
/ (b) 272
(c) 2.84
(d) 2.96
(e) 3.08
A
5 = t Virgy TV ;“1‘)‘“
COrqg = 4+ Vs +Y s Vs
S I LU : fxe

l.lo looo o looo

= 2718512
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MC Question No. 3: (10 points)

You are given:

i az =14.1 K . | |
® 18, =70 > M> Q){(a: 4.1 - 7.0 ~7‘
o 10Ex =O6

¢ i =005 = Ax;(g\:: i"(A'OU(;TET]

Calculate A! . < y
T = 1= 2 (7)) = 0.6619049
v (a) 0.062 Ry
(b) 0.157 ._.,> A
(c) 0.301 {A o xitel X
(d) 0.445 = 0664y - 0.6
(e) 0.663

- a.064904%
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MC Question No. 4: (10 points)

For a whole life insurance of $100 on (50), you are given:
e The death benefit is payable at the end of the year of death.
e Mortality follows the I1lustrative Life Table.

e ; = (.05 in the first year, and ¢« = 0.06 in subsequent years.

Calculate the actuarial present value of this insurance.

(a) 23.7
(b) 24.9 - iy T
) | - (LT
v/ (c) 25.1 /Z\?'\/({V\SW\@»«&>: 0o ( V CBSO + v FS’C) A?‘S( )
(d) 26.3 o ‘
‘ . o o A _ B «ZN(’iC\
oS (0QQC
— 25427
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Question No. 5: (10 points)

For a 10-year term life insurance of $10 issued to (30), you are given:
e Mortality follows a constant force of p = 0.002.
e §=0.05
e / is the present value random variable for this insurance.

Calculate Var[Z].

| - ~(MtEN
R call & N -Ylan Yern i EYZ]: (0 fzg[p e ]
»\,[ .
(b) 0.418 ié o /%wzﬁ &YHMQ(I »

(c) 0.824 " .
S lO é‘g*; efx Mt at
Q
b
(e) 1.636 }46

(a) 0.012

L (d) 1.230

F_lz}: 0 Sc;j [i, "“m@”l = 0\55495 26

| 2 00 m‘\oz(ao)} 253138
E[’Zj =© ?oz [\ - c

2
Var|z)= 1253735 — (01559336 )

= [.22941¢

TN
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There are four (4) parts to the written-answer portion of this test and you are to answer all
parts. Please provide as much details of your calculations as possible to get your partial points
for any incorrect answers.

For a 5-year deferred with 10-year term life insurance on (40), you are given:

e The death benefit is payable at the end of the year of death.

The death benefit is 0 in years 1-5, 1000 in years 5-15, and 0 again thereafter.

Mortality follows the I1lustrative Life Table.

¢ =0.06

Z denotes the present value, at age 40, of this death benefit.

(i) (10 points) Write an expression for Z in terms of K, the curtate future lifetime of (40).
10c0

0, K=01,234

= K41 o
looo NV, K=5,6, -, L&

0O K:mris‘)l(;,.“.
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(ii) (10 points) Calculate Pr[Z = 0.

2=« Rlk<a) + nfs<k]

i
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(iii) (15 points) Calculate Pr[Z < 650]. Be very careful here.

/

PV s ’
K=5 1016)0. VG = 704.960S

4 o
- (oooV = 06S.057

1% .
K=7 1ooov = ©27.412%

= - lkes) (k=)
= [ - ( sPao %45 + gf‘“’ 66% >

Q1274 T3

(00U
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a3 looo 1313

- 0dT¥4
R



STT 455, ACTUARIAL MODELS I, FALL 2014 CrAss TEST 2

(iv) (15 points) Calculate E[Z].

E[Zl = ('gqu Aes ~ s B A@* 000

~( TS‘SZC\)QSZ(.»Z)( 3051 ‘F)]
)

s E,L 0Ees X ot

f(’? 352920 120)

= 29,806496
/-"""‘"*“\

10
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EXTRA PAGE FOR ADDITIONAL OR SCRATCH WORK
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lilustrative Life Table: Basic Functions and Single Benefit Premiums at / = 0.06

I

10,000,000
9,749,503
9,705,588
9,663,731
9,617,802

9,607,896
9,597,695
9,587,169
9,576,288
8,565,017

9,553,319
9,541,153
9,528,475
9,515,235
9,501,381

9,486,854
9,471,591
9,455,522
9,438,571
9,420,657

8,401,688
9,381,566
9,360,184
9,337,427
8,313,168

9,287,264
9,259,571
9,229,925
9,198,149
9,164,051

9,127,426

9,088,049
9,045,679
9,000,057
8,950,901

8,897,913
8,840,770
8,779,128
8,712,621
8,640,861

8,563,435
8,479,908
8,389,826
8,292,713
8,188,074

8,075,403
7,954,179
7,823,879
7,683,979
7,533,964

1000 g,

20.42
0.98
0.85
0.91
1.03

1.086
1.10
1.13
1.18
1.22

1.27
1.33
1.39
1.46
1.53

1.61
1.70
1.79
1.80
2.01
2.14
2.28
2.43
2.60
2.78

2.98
3.20
3.44
3.71
4.00

4.31
4.66
5.04
5.46
5.92

6.42
6.97
7.58
8.24
8.96

9.75
10.62
11.58
12.62
13.76

15.01
16.38
17.88
19.62
21.32

dy

16.8010
17.0379
16.9119
16.7384
165133

16.4611
16.4061
16.3484
16.2878
16.2242

16.1574
16.0873
16.0139
15.9368
15.8561

15.7716
15.6831
15.5906
15.4938
15.3926

15.2870
15.1767
15.0616
14.9416
14.8166

14.6864
14.5510
14.4102
14.2639
141121

13.9546
13.7914
13.6224
13.4475
13.2668

13.0803
12.8879
12.6896
12.4856
12.2758

12.0604
11.8395
11.6133
11.3818
11.1454

10.9041
10.6584
10.4084
10.1544

9.8969

10004, 1000(°A,)

48.00
35.59
4272
52.55
65.28

68.24
71.35
74.62
78.05
81.65

85.43
89.40
83.56
97.82
102.48

107.27
112.28
117.51
122.99
128.72

134.70
140.94
147.46
154.25
161.32

168.69
176.36
184.33
192.61
201.20

210.12
2198.36
228.92
238.82
249.05

258.61
270.50
281.72
2983.27
305.14

317.33
329.84
342 65
355.75
369.13

382.78
396.70
410.85
42522
438.80

256.92
8.45
8.37

11.33

14.30

15.06
15.87
16.76
17.71
18.75

19.87
21.07
22.38
23.79
25.31

26.95
28.72
30.63
32.68
34.88

37.26
39.81
42.55
45.48
48.63

52.01
55.62
58.48
63.61
68.02

72.72
77.73
83.06

. 88.73

94.76

101.15

-107.92

115.09
122.67
130.67

139 11
147.99
157.33
167.13
177 41

188.17
199.41
211.13
223.34
236.03

1000;E,

728.54
743.89
744.04
743.71
743.16

743.01
742.86
742,68
742.49
74229

742.06
741.81
741.54
741.24
740.91

740.55
740.16
739.72
739.256
738.73

738.16
737.54
736.86
736.11
735.29

734.40
733.42
732.34
731.17
729.88

728.47
726.93
725.24
723.39
721.37

719.17
716.76
714,12
711.24
708.10

704.67
700.93
696.85
692.41
687.56

682.29
676.56
670.33
663.56
656.23

10004,E,

541.85
553.48
553.34
552.69
551.64

551.36
551.06
550.73
550.36
549,97

549.53
549.05
548.53
547.96
547.33

548.65
545.90
545.07
544.17
543.18

54211
540.92
539.63
538.22
536.67

534.99
533.14
531.12
528.92
526.52

523.89
521.03
517.91
514.51
510.81

506.78
502.40
497.64
492.47
486.86

480.78
474.22
467.12
459.46
451.20

442.31
432.77
422,54
411.61
399.94

100020Ex

289.89
305.90
306.24
303.96
301.93

301.40
300.82
300.19
209.49
298.73

297.90
297.00
296.01
284.92
283.74

292.45
291.04
289.50
287.82
286.00

284.00
281.84
279.48
276.92
274.14

271.12
267.85
264.31
260.48
256.34

251.88
247.08
241.93
236.39
230.47

224.15
217.42
21027
202.70
18472

186.32
17753
168.37
158.87
149.06

139.00
128.75
118.38
107.97

97.60
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106
107
108
109
110

ltlustrative Life Table: Basic Functions and Single Benefit Premiums at i = 0.06

I

7,373,338
7,201,635
7,018,432
6,823,367
6,616,155

6,398,609
6,164,663
5,920,394
5,664,051
5,396,081

5,117,152
4,828,182
4,530,360
4,225,163
3,914,365

3,600,038
3,284,542
2,970,496
2,660,734
2,358,246

2,066,090
1,787,299
1,524,758
1,281,083
1,058,491

858,676
682,707
530,959
403,072
297,981

213,977
148,832
99,965
64,617
40,049

23,705
13,339
7,101
3,558
1,668

727
282
108
36
11

10004,

23.29
25.44
27.79
30.37

33.18 -

36.26
39.62
43.30
47.31
51.69

56.47
61.68
67.37
73.56
80.30

87.64
95.61
104.28
113.69
123.89

134.94
146.89
159.81
173.75
188.77

204.93
22227
240.86
260.73
281.91

304.45
328.34
353.60
380.20
408.12

437.28
467.61
498.99
531.28
564.29

597.83
631.64
665.45
698.97
731.87

&y

9.8362
9.3726
9.1066
8.8387
8.5693

8.2988
8.0278
7.7568
7.4864
7.2170

6.9483
6.6836
6.4207
6.1610
5.8050

5.6533
5.40863
5.1645

- 4.9282

4.6980

4.4742
4.2571
4.0470
3.8442
3.6488

3.4611
3.2812
3.1091
2.9450
27888

2.6406
2.5002
2.3676
2.2426
2.1252

2.0152
1.8123
1.8164
1.7273
1.6447

1.5685
1.4984
1.4341
1.3755
1.3223

10004, 1000(A,)

454.56
469.47
484.53
499.70
514.95

530.26
545.60
560.93
576.24
581.49

606.65
621.68
636.56
651.26
665.75

680.00
693.98
707.67
721.04
734.07

746.74
759.03
770.92
782.41
793.46

804.09
814.27
824.01
833.30
842.14

850.53
858.48
865.99
873.06
879.70

885.93
891.76
897.19
902.23
906.90

911.22
916.19
918.82
922.14
925.15

249.20
262.83
276.92
291.46
306.42

321.78
337.54
353.64
370.08
386.81

403.80
421.02
438.42
455.85
473.59

491.27
508.96
526.60
544.15
561.57

578.80
595.79
612.51
628.92
644.96

660.61
675.83
690.59
704.86

718.61"

731.83
744.50
756.60
768.13
779.08

788.44
799.21
808.41
817.02
825.06

832.53
839.46
845.84
851.68
857.04

10005E,

648.27
639.66
630.35
620.30
609.46

597.79
585.25
571.81
557.43
542.07

525.71
508.35
480.97
470.57
450.19

428.86
406.62
383.57
3569.79
335.40

310.56
285.44
. 260.21
235.11
210.36

186.21
162.90
140.69
119.79
100.43

82.78
66.97
53.09
41.14
31.12

2291
16.37
11.33
7.56
4.86

2.99
1.76
0.98
0.52
0.26

1000405,

387.53
374.36
360.44
345.77
330.37

31427
297.51
280.17
262.31
244.03

225.46
208.71
187.94
169.31
151.00

133.19
116.06
99.81
84.59
70.56

57.83
46.50
36.61
28.17
21.13

15.41
10.91
7.47
4.93
3.13

1.90
1.10
0.60
0.31
0.15

0.07
0.03
0.01
0.00
0.00

0.00
0.00
0.00
0.00
0.00

100020Ex

87.37
77.38
67.74
58.54
49.88

41.86
34.53
27.96
22.19
17.22

13.04
9.61
6.88
477
3.19

2.056
1.27
0.75
0.42
0.22

0.1
0.05
0.02
0.01
0.00

0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00

0.00
0.00
0.00
0.00
0.00



