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Cubic splines

Age |[A=0.05|41=0.10 | A=0.15
20- | Vo, Y ¥t | Ve, aviet | vE,VY v

25. | £YNTEYY | £V, FIYYA | £V, vV L

30- 00,¢1YYY 60,Y.Yo" 00, VY

35- | YU e A | v YLy YR,Y0) £A

40- | IYE,YFTIAQ [ VYE, ATEEA | 1YY, TATY

45- | YYo,v.08¥ | YY0,A0£44 | YYT,Y¥AQE

50- £AY,Vovyo | £TE,YYVVY | €70, EAVY

55- | AYA,0VAAY | AFA, 06TV | AYY,YYEYY

60-65 [V YA, TYYIV[ VY AQ, VA T [ 114, oA

Natural cubic splines 4kl sl gl J& (o)
A yeall ldl) die pilla 8 sie ¥ oaae aladiuly gl 13 Gadat
vie s AV (o) 3Nl (£5-80) duwdally (YE-Y4) AN
YY,0) Jleellvie il 8Ll sie £ oy SIS (Y4,8Y,0,00) jlact)
(OV,0 £V,0 ¥V,0 YV,0) el xie s AVl ((1Y,0 0. Yo
i edal s A8y ylall o2¢] 1 5 3aganll 38 5l) Y ana i (V) o) Jgadl (i pa s
die Al e e iS4y sul) (f (0) o8 Jsand) A g yaall 4 gl ) LAl
3 555 5_mS 4y gl 2 4 CilS g o(A 5 A6V opillall) Sie ¥ aladil
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Ladal) Lpnsil) i) pid) 45y pha aladidly 51 gasal) 50 1) ¥ ara 3(¥) by Jgan

Natural cubic splines

Age | oY Alal) e v | 400N Dlal) e ¥ | SN ALY e ¢ | L0 A ke ¢
20- 66.68905 67.53599 75.89794 75.82602
25- 68.51597 63.15804 43.15720 44.83619
30- 52.80931 55.62351 59.77245 55.48598
35- 55.45860 61.05150 80.66150 84.16513
40- 112.44273 114.83682 114.73033 114.31893
45- 253.49013 248.69973 225.03497 222.86473
50- 483.32741 476.30993 473.17140 478.89564
55- 800.43077 805.14091 833.00482 826.73580
60-65] 1203.13602 1203.94358 1190.86938 1193.17158

Base splines (B-Splines) cs¥) il i (7)

Ampadall Aan Sl il ) Ay ya s ity Lol o sl 138 (Gaudad o3
i yekal g A3y Hlall 03] 188 5 Bagaall 3l gl iV ara (V) b ) J sl im ym s
a8 A siie il Ay gl 0 (0) @y Jsaall 3 Az 5 yrall 4 gl il HLial
Al saall L bt e J85 53 pa Ay guadll 7 8 CilS Cua (Y

) il i (8 Al ARl B pesal) BB 1) N ara 1(Y) AB Jgia

B-Splines

Age | ¥ Al sie v | L0 D) sk ¥ | Y Allad) e ¢ | A0 Al e ¢
20- 75.10000 75.12599 75.10000 75.10000
25- 46.23310 46.29819 47.03345 47.13843
30- 58.51175 58.00596 54.69675 54.49259
35- 73.51221 74.13771 79.41191 79.28382
40- 120.97158 121.26548 119.51576 119.97034
45- [ 233.79793 232.74962 22891191 228.78382
50- | 457.58318 458.20203 462.39675 462.19259
55- 841.09025 841.06560 839.73345 839.83843

60-65| 1189.50000 1189.44942 1189.50000 1189.50000
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Penalized splines (P-splines) 4l jad gl j&l) ()

¢(1,0.5,0) 2 2ol daleal af sae aladiuly A3kl 1 Gaki o
pbliid) GEaill Jlee (bl o aill oda saa) sl &3 el Gl 2 Y
chel Sl ¢ generalized cross-validation criterion (GCV) aesal)
@) aerall BEa jlme bl o oAl dafy 1= 0 el i
Kent, &) .ordinary cross-validation criterion (OCV)
Bl C¥ame b (V) ad) Jsaall o m s (Mohammadzadeh, 2000
Jsaall (8 dm sl dy gucil) il jlia) il ey Al yLall o3g) L g 53gaal
27 el ilS ia VYA aes g ale (S0 (8 A gie 4 suill) 0 (0) A
Al saall g jukas g Jii 53 s 4 sl

40 Jad) il pd) A8y pha aladiialy 3) gusal) L0 gl) ¥ ava 1) ad g
P-Splines

Age Acev A=05 A=1 Aocv

20- | 75.07550 | 74.88689 | 74.69352 | 72.49643
25- | 47.05093 | 47.43215 | 47.80386 | 51.11057
30- | 55.55668 | 55.24885 | 54.97776 | 53.45021
35- | 76.11695 | 76.21425 | 76.25389 | 73.78193
40- | 124.34986 |123.96341 | 123.57130 | 120.40177
45- | 225.63084 |225.91137 | 226.27261 | 233.38928
50- | 463.44165 |464.50390 | 465.53978 | 474.51079
55- | 839.53938 |838.31989 | 837.10626 | 826.44709
60-65| 1189.53821 [1189.81929| 1190.08102 | 1190.71192
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5L gl) ¥ amal Ay gaul] B g i JLA) il 1(0) oy Jgaa

Method Chi-sq. Smoothness
_ 2=0.05 0.0020824 311.094
Cubic A=0.10 0.010172 | 305.857
splines
2=0.15 0.0457494 298.205

S ALl w3 | 2289864 109.511
Natural 73 gy anan se v | 13.644201 | 135.626
S;‘ﬂ’nl; Y Al sie € 1] 9774983 | 318.441

Ll A die ¢ [ 2.529488 315.065
S AN 3 07070544 | 390.243
B-Splines @u:m:iju\%v 0.521964 380.99

sl sie ¢ 0402351 320.226
Ll AW s £ | 03613042 [ 319.984

Agev 0.0002004 | 315.094

_ 1=0.5 0.0143916 304.58
P-Splines

1=1 0.0497357 | 297.583

Aocv 1.4547477 | 231.681

Sagadd Al ol 02 8 Lgaladinl 2 Al (5 k) e Of s Las gualy
Oe 3l A 4 peadl) Gualill S i agle Gasall Al Bl gl Y e
re ) Adaadle (S ale (S5 A gite il Cidae | 2B (Y0 Y 0 Y Y
SV oallall 8 die ¥ aae aladi) die Apeglal) Al i) il 38 5k 6]
(0) f) dsta e s Lo g2 5 Al gile e 4 pudl) CulS A0
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Abstract:

The process of smoothing mortality rates is considered a fundamental step
when constructing actuarial tables. This study aims to present and compare
some common spline and base functions methods - such as: cubic splines, base
splines (B-splines), natural cubic splines, and P-splines, to smooth mortality
rates for insureds in the Egyptian insurance companies during the period 2007-
2010. The results indicated that all the methods used provided acceptable
results in terms of accuracy and smoothness - except natural cubic splines
using 3 knots, and that the B-Splines method using 3 knots in the first case
was the best, compared to other used methods. It was recommended to
study the appropriateness of applying the smoothing methods presented in
this research in case of other populations, and for large samples, and to
explore and keep pace with modern smoothing methods and their
applications. As well as making available insureds’ mortality data of the
Egyptian insurance companies.

Keywords: Smoothing - smoothing splines - Cubic splines - Base splines
- Natural cubic splines - Penalized splines
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