THE TABLE OF ISC'ATTD MORTALTTY
by

Basil Xavier

Many will agree that the imnact of the computer revolution on the
actuarial profession has forced us to scek new ways to do our old thinrs,
quite often with results that surnrise us, hecouse it ncver occurred to us
to look at tre problem from anv but the 'traditional' perspective. The
classical methods of approximating an annnity value are predicated on the
assumption that the interest element of the immcdiate annnity function is
mathemntically so inextricably entangled with the mortality element that
it is not vossible to separate the two, hence tho necessity for apnroxima-
tion. We shall show that this premise, if not false, at least should be
qualified., The mortality element can be partially isolated in a particrvlar
manner, allowinw an exact annuity value to be readily obtained at any interest

rate, as we shall presently show.

Analysis will show that the immediate annuity, &y, may be expressed as a

polynomial ir the interest function d { or i ) with the coefficients of each
term being uniquely determined by the mortality elercnt alonc. Moreover, and

this is the whole basis for this paper, thesc coefficicents arc recdily avail-

able from o table scnerated by the successive summations of the 1. column of

tho pertinent mortality table., For want of a more apnrovrriate nomenclature,
we shall refer to this as the Table of Isolated Mortality, or TTV, for short,

The derivation of the immediate annuity polvnomial is shown in the Appendix.

As some amplification on the nature of the beast appears to be in order

here, the polvnomial is given below for convenience.
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The coefficients S; refers to the clement in the Table of Isolate] Mort-

ality corresponding to age y in the ith summation column, and S; = E S;—i

In theory, the polynomial should extend to the (e - x)th tern. h:}%mctice,
the polynomial may be truncated after o few terms denending on the interest
rate for a value of a correct to, say, threc decimal places. The practicality
of this method depends on this property of the nolvnomial. The reason for
this will become avparent when one considers the fact that while the cocff-
icients increase in linear comnound :-fashion with each successive term, tho
values of dt decrease exponcentially, so that convergence is qnite ranid after
the first few terms, the value of tho truncated nolynomial oscillatin~ abont
the true value of ay with each added term. If the interest function is i in-

-157-



-2 -

stead of d, convergence is assumntotic. The writer's choice of d instead of

i is based on & belief that convergence is slishtly bettor with the former.
The precise number of terms reqnired for n certain dcgree of accuracy depends
on the interest rate nnd the mortality basis. The higher the interest rate,
the flatter the mortality curve, the slower the rate of convergence,

As a vehicle for illustration, Table 1 has been prepared by renerating the
successive summations of the 1x column of tho 1971 firoup Annuity Male Mort-
ality Table. The recader will note that bepginniny from the left, each success-
ive column to tho right is renerated by summine the values of the one on its

left, it being understood that summation is from age e¢o.

To illustrate how the table is to be used, let us write the immediate
annuity polynomial for a male aged 80, As indicated in the formula, the
coefficients will be along the solid line shown in the table. ‘Tote that the

line starts at ame 6041, and alfter the second tdrm, nrocceds step-wise down

the table. The polynomial, truncated after the Bth term, is

.1592013E+08 - (.1903783E+09)d + (.1566010E+10)d2 -
1 (.1018674E+11)a” + (.5496143E+11)a® - (.2534858E+12)a° +
-8723878E4068 | ( 4o00040m413)a® - (.3637164E+13)d7 + (.1101236E+14)a% - ...
for any interest rate. Values of dt can be genervted without too much

effort by the relationship d = i .
1+1

Let us evaluate 230 for a particular value of i, For i = 4% , the value

is 10,042

II

It may have occurred to some readers that the increasing immediate annuity,
Iax, may be susceptible to the same kind of analysis, and if so, the question
comes to mind whether tho coefficients of the resulting polynomial may ho
found from tho Table if Isolated Mortality. The snswer is, not surorisingly,
yes, The derivation of the polynomial is shown in the Apnendix. Noto that the
polynomial may be exnressed in two equivalent forms. As a matter of Ehoice
tho first form will be used in our illustrative example, but no simmificant
advantage is seen in choosing one form over the other. Again, for convonience,

we give helow the required polynomial:

2 3 2 4 3 2 5 _ 4 3
T = il_ See1 (28x+1- sx+1)d + (3Sx+2 - Sx+2)d (4sx+3 Sx+3)d *
x (i} 5 4 7 6 5
(55,4~ 5,400 - (65— 50 )a” + ..eels
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Note that each coefficient is a linear cownound of two valurs from our
table. As an example, let us write the increasing im-cliate annuity noly-
nomial for a male amed 65. The coefficients are obtained along the brolen
1ines shown in the table, Ia65 equals

+1102126E+00 - (2%,9552425E+09 - ,1102126F+09)d +
{3%.5520045T410 ~ ,83G0300E+00)d% — (4%.2600571E+11 — ,4684010E+10)d"
+ (5%,1000848r412 - .2192079E+11)d4 - (B+.3076378F+12 - .RR0GAOTE+11)d
+ (7%.1274764%413 - ,3095732E+12)a° - (8*.3660934E+13 - .9651911E+12)d7
+ (0%.0491682E+13 — ,2605743E+13)d° — ....

,804768TE+0G

for any interest rate. For'i = 5’1, the value is 75,586

ITI

Thero are two other annuity nolynomials which follow naturally from the
derivation of the two just discussed, and thesc are the deferred life annuity,
nia‘ , anl the deferred increasing annuity, denoted here as nlqu. No now

concepts are invelved in their derivation, and we give them hore helow:

-

n
v 1 2 3 2 4 3 5 /

n|ax . L Sgenet ~ Sxanat*d * Spanioe® - Spnged * Spineged - oeeeens

" 2 3 2 4 3 2

al Sxemst = (25x+n+1 - sx+n+1)d' + (3Sx+n+2 - x+n+2)
nlta_ = %
x lx 5
45 4 3 ] 5 4
K X+n43 - Sx+n+3)d + (55x+n+4 - sx+n+4)d' = eeerares

These two additional nolwvnomials, while allowine us to obtain two add-
itional annuities by means of TIM, alse serve a much more imvortant function,
Taking advantare of the basic relationships hetween annuities and insurances,
it is ovident that most if mot all single life stondard anmmnity and insurance
functions can be expressed as a linear combination of some or all of the four
tmuities for which we have dorived nolynomials, Tor cxample, talke a coanlex
function such as tho deereasing insurance, DAi_:.ﬂ . This can be shown to be
equal to

v(n(ax +1) - Ta +n qu) - (n,nx - 1lqu + (n+1) Inx)

Thus TTM proves to be a much more powerful tool than Just another anorox-
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imation method for simple annuities. Tf one has the facilities of a comnuter
on a time-sharing basis, the successive snmmations of the lx valucs may he
gonerated simultaneously without much imaginative pronramming just once and
stored. We could then obtain any single 1ife actnarial function at a wide
varicty of interest rates without having to pmencrate cormutation functions

each time,

Other apnlications

There is another tyoe of annuity to which TIM may be used with advantare.
Suppose wo have the situation in which the annual annuity vaynent escalates
at sone fixed rate j per year, as in a cost-of-living benefit. More precisely,
suppose wo have an annuity-due where the first annual nayitent is 1, the next

(1+j), and the next (1+j)2, etc. The present value of this annuity would be

1 s vpy(14) + voop (143)% 4 PPop (145) 4 Lol

o9
!1+j[t v = (v')t P. = a! whero 1' = (fi+i) -1
= t‘t x “ttx x
(1+41) (1+3)
t=o teo
In the special case where j is greater than i, 3; will be of tho form
“t “ :
(141 ) «gP, Where i = (1+j) -1
1 (1+1)

TIM takes it all in stride. Thé coefficients of the nolynomial are ob-
tained in exactly the same fashion. Tho volynomial undercsocs a slight trans-
formation however, 4 is replaced by i” , and instead of the alternating simns,
all simms are now positive., To understand why this is so, one ncod only
recall the binonial expansion of (1+i” ) and tho associated sign rule. The

transformed polynomial thus becomos

1 2 3 2 4 3 £ 4 6 5
]
a = % Sx+1 + Sxd.i + Sx+2.i + wa.i + Sx+4‘i + Sns.i 4+ .o

x

Joint-l.ife Annuities

If a particuler mortality table follows Makeham's First Law, u_ = A+ ncx,
Joint-1life annuity values mav also be obtained from TIM. Makehamized mortality

tables are not so much in vogue to-day and Makeham's famous Law scoms to be
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destined for the history books, and so the technique will not have the desree
of utility that it might have had say a counle of docados ago, but it will be
given here, if only to demonstrate the versatility of TIM.

In The Record, 1930 -~ Jones, it was demonstrated that where the mortality
basis follows Makeham's Law, a joint-life annuity is identical to a single
life annuity, with a change in the interest rate, and a change in the apme x
to z, as defined below. TIM provides a practical method for utilizing Jones'

discovery.

Thus, a = a
fixzxa...xn o2 FTTS AN

1’ vhere i'= 1+ 4 2 1, and gz = in n
e » 842 =Y - Yie

The joint age y, of course, comes from the Uniform Table of Seniority,

at interest rate i = a; at interest rate

s and ¢ are the Makeham constants, and n the number of lives.

Since z is usually not an integral age, two values of u; on either side
of a; will be needed. We may then interpolate linearly for u; .

v

Critigue

It is not supgpested here that TIM can replace that redoubtable cormer-
stone of actuarial science, the Commntation Function., Rather it is offerred
here as an alternative in the spocial applications where only a few annuity
values are required, but for a wide range of interest rates. Indeel, in this
age of the high-speed electronic computers, there will be many who will resard
the gain in computational efficiency as insignificant, preferring to grind
out the values via the traditional commutation function route. Be that as it
may; ingrained procedures will not be given up readily, the law of mathema~
tical parsimony notwithstanding. Imaginative research in actuarial mathematics,
however, as in the other mathematical disciplines, is not predicated on a nre-
requisite of utility; all that is required is that the frontiers of acadonmic
knowledge be pushed back a little bit. Moreover, a new look at an old problem
can sometimes bo quite refreshing. As to utility, the verdict will be left to

the individual reader to decide.

-161-



0.a6%a165¢ «0b
0.Q354R52E 4 N6
6.295046432E 206
0.994HHYF + 06
9.9941200L+06
0,99363A4E+ 06
0.Q931371F«+ 06
G.N92KT1RTE <06
0.9920TRTE+ 06
0.93151720+06
0.9%09112F+06
0.09011/RF 06
0.9R9KT4jE DR
N.9AH49971E+ 06
0.7RAZAZILF 06
#.09875290F « 06
0.9RATI0LE - 06
D.7RSHATSE « 06
0.9REYIRLE D6
0.9R40151F 06
0.9R29A59 06
0.QRIAR2YF + 06
0.9R0OTONTF+06
0.7794307++06
0,QTROAPSE « 06
0.9T65AR6E 06
0.9T4QYIAF « 06
0.9732476L <06
n.Q713011F +06
B.0AYIN59F + 06
0,0666163F06
0.9637C1RL 06
D.RANSQ349F + 06
0. ANKURTYE + 06
0.9529417F « 06
ULOLRAZLTE DG
0.9434122F+06
V.QUTRTT2H 06
.QR]1TOUARF - 06
0.92515A%F 06
0.91791271F+06
0.9101172t+06
0.OB1RRTTE 06
BLRZKISKE <06
D.ARRZIISTE 06
U.RT23HTARL+ 00
D.RRUTG29F « 0F
C.AaBS1O9F « 06
0.R350509L+06
U.R205102t+ 00

SUMi

0.6USTTTAF «0R
N.S93BIATEAUA
0.9AIHEA0F s 08
0.5739136% < UH
1.5A3IYRTAF +0R
0.S%4026TF < UR
0.5640004F <08
0.5 16 I59NE < 0A
0.5242330F « 08
0.5143]123L U8
0.5046 4973 + 08
0.694unRCE v OR
D.4HASHSDE s OR
B.aTabHRIL+OR
foabuT9RAE «0R
N,65609157F 08
0.4450405E +0R
0.4351733E+uUAR
0.429114AE < 0B
0.415064AE <08
0.405624RF 08
0.3957950€+08
0.38997H3F«08
0.3761694E+08
0.3AHIT52E4-08
0. 56594 TE+ 08
0.3468290F «0R
0.33TUTNZE+08
D.32734R9E 0B
0.3176337F «un
0.3079429€+:0R
0.29H2TARF +UR
0.2RAGIYOE - 08
0.279033JE«0A
0.2694R34E 08
0,2599341L40R
D.75N64W9F + 0R
0.7410150F - 08
0.72316371E+08
0.722314972€+08
V.2VINGTTE 0B
0.2034HAE+08
0.1447372F +0R
0.1HS5TIN4E <08
0.176Ku42E0R
6. 1AROISNE Ul
0.1592913F <08

Sum2

n.1049%,7¢410
0, 1HR9549E + 10
0.184016RF 10
QL1771 THLEHO
01714370410
0.1657903F 410
0.1002920F + 10
0.154ALAPF 10
0.16%a760E410
0.1442300+10
0.13%0%17E+10
D.1300672E410
0.1791024F 10
N.1242565E 410
0.1195094F+10
0.116HATTF 1Y
0.110312%F+10
0.105A0621E <10
0.1015106F 410
0.9725723L+09
N.9310267E+09
6.8904643E409
N.RSOABAGE 09
0.8122RT2E+09
0.7746701E 409
0. 73IR0IZVE0Y
0.7023736F <09
0.667690RF+09
0.A339R30¢ <09
0.6012485¢ 09
0.5694853F Uy
0.93R6Q11F 09
0.SURRA3SE 09
0,6794997F +09
0.4520965€ + 09
0.642519072€+09
0, 3991570F + 09
0.3741120F 09
0.3500106F+09
0,326R670E-00
0.306615PF+09
0.2833U85F+09
0.262v195t <09
0.24364]2f «09
0.224KA0FE <09
0.2071T9HE 09
0.19¢371iFeN9

0L LSURBTAE < GR
N.14219RTFE«0R
B 1 33HGRPE S UH

N TTaadalt »09
U.157381CE09
D.T4SIR]F U9

TIM

SMd

0.439a952E 1]
B lD1SA0F 11
0.4R]3005E11
0, AR299HYE < 1|
0,3652R11FE=11
V.A6R13T2E 01
0.3315573F+11
D.3185314E 411
U.300049AF 1]
8. RGI019F + 1)
4.270R7ANE 1L
U.256TRR4E-11T
0.724330a7E+11
0.2304545E¢ 1
A.21802R9F 11
$.2060779E411
0.,194S917E-11
0.183560%E+11
0.1729743F 11
0.142AZ33E+11
G.1530976F 1]
0 143TAT3L 11
0.1348RPTES]]
0,1263739E+11
V11825106411
0.110%043k11
0.1031740E+31
0.9610035E+10
B.HI42 34kt 10
BL.A30RIAIAESTO
0.7707116F+10
08.7137632L 10
0.659A%4IE 1D
0.60900ANE+10
0.96100RPE«10
0.515798AF 10
UL6T32H3RE 1T
0.4133A3E 000
0.J989574E+10
G IR0NUS6IF 10
V. /AP T1IAE+]D
Q.P9THIBIE 1D
0.2694 793610
02601873k +10
[P TERVIRET:]
0.196 356« 10
0.175AJARE <10
0.15¢60108+10
I EEEDLET]
0.12372140F«10

N4

MLTT2T009 <12
0.77R7960 <12
DehHATTRAL o 12
Buhbhrnanit o ]2
Q.hBHannE 12
O.STIHIHAE o 12
D.537n0aTrelg
0,50 344%0r 412
0oa722u959L 012
D,4427910k 442
D.4137HUAF |2
C.IBRTY 0L ¢ L e
0.3610301F442
0.336ARUAEs 12
0.31365%47L 12
0.791RS 130212
D,2T HeudRE12
N.2517R4aGE 12
0,23 342068412
Be21nE31001¢
DL 199MGHRF 12
0.1R459390k 02
0.1701m03E412
0.1566721Fs )2
GulbeUIaTra 2
. 132°096k 412
0.121159°e+12
Ha1108409E 12
0.1012369 12
7.9229455+ 11t
QRIFHG22H 11
0.7627907E 411

BTSSR U

062547618411
0.56652530 11
0.50R4Pusk o]
0,0%kRHEuht s ] 1
CeaInIedy s
0.3RA1T7REE ]
[FEPLE ORIV ]
V.2904RB0F 11
0.257T6hU9F 1]
0, P7THIYAF 1]
0,20094208 «11
0 1766133 11
G198 T2 1]
0.1350933t «11
DL 1179295+ +11
M0 HEar o 1]

Sljeas

D.11E3R3NE ¢ 4
N,10663%93E+14
V9747 3F |3
L9004 79n7F « )1
OoHab) s16F 412
B.77924701 413
N.12211978 « 42
N.thH&laHE « 17
Q.61R0INVESI 3
0.STUHYOGE 1)
0.5¢b714k 13
Doanaloige st
0,4u652208 13
O,al0n]8%E 13
N.3T6TaHRE 13
Da3653H33E 413
U, 3leIvAZE )3
0.2ZRYNTIIKE 1]
0.263H4S6E 13
N.ce05527 13
N.21HY4v6E ¢ 13
0. )YHBYDLHE T
0. 1H05009F+1]
G 1634HS0E13
O la/H]THES1]
D.1330143E413
B.170ky34kotd
O.10B0TI6E 13
0,969 HBE 12
DuHARGYIVES12
0.776dyT4E+12
0.hYAull2tel2
D.6l61321F+12
BLS4699N5E - 12
ND.afnseu TYE+ ]2
Daar 99546412
D375 12
N33 abmnEe12
0.2905170F+12
0.293R4990¢8 « |2
0.2712607H 12
01921919602
0elh64P59r 17
LIS EXTRELTES
VelrdhnaTl s 12
[SA AL T KEY SN )
0.904l0nHE <)
B.Tnvo 25«11
Da6S1aBTF )i
UL bhavniadfal]

NIDTS

D.hab1lNvSE
N,124900300
0.1ERHT9TE
0., 10HHBS0E
. 49R3TUOH
0.4 35A9EF
0.n3ha2ld
D.76425HE
B.ny73703F
N.A355T16¢
0.57R491SE
052583444
0.6a17315¢F
Wo43?h0 3t
B.39E621 2t
0.35396n6E
0.3194047¢F
N.2RTTHEGE
D.25AKHL L
0.2324919€

15
L
‘s
sy
‘le
sla
“is
sla
‘e
‘e
e
“le
14
‘e
sl
ol6
v la
B
™

ata

0.20b8436BE 14

0. 1H6G4 A HE
0 1hbb4T5t
D.1489974f
N.137c4nYF
Q.1 1766THF
0.1061257€
0.921U6 $5F
DRI 2YHOSYE

0.7199931E

0.A291239F
D99 )adalg
Noen22431E
0.4206300t
0.36599310F
0,31 74R63IF
Q.oT4bRbAF
0,238 1NE
LINARE YA TS
Q.1 letlave
Nolay3IndLE
0. 1272591t
0. 10HUIVIF
N.1397 3aF
0.7703356F
0, (nh?IURE
0.9409074F
0.55049nHE
D.373595nF
0, uHus 724

14
‘14
ole
e
“la
‘i
13
.13
13
.13
ERI]
13
13
13
<13
.13
<13
by
13
13
13
«13
<l
<12
e
12
17
17
e

Sty

[PV BT SST
D.0403665E )R
012765 F 0
U L1959R2F 418
a6 2077F +16
1.9672605 o th
0.RSHRALNE o 15
G.TT21026E 14
[ T DTS LY
BobZ6n03nt «1h
0.50206h6E 415
[(PETTEE ST LY
06520 a4t 515
0. 6062031E 1S
N A6101THE TS
AL A2VHSHYE 1S
B.2HAUR0GF 2 1Y
0,254 9HF o 15
0,eP57400 419
0.190852RF 415
[ RLUURTURS LS
01557599 - 15
N.E37105K 415
0,1206440%F +15
0.1055R]12k 1%
N.9215674F + 14
NLROAUYSTF <14
0,7019701L«16
0, H0RREIVE e la
0.92R5654k ¢ 14
G,8568661F 16
0.39a0537} ¢ ja
0.33R9093F 16
B.290AA10F ¢ 16
D.24B%1RUI s 16
B, 21212511 e 14
0,180276nFsle
0,15290791 <14
0.1291108k ¢ 1
N.1QRIZAIE + 14
N.9L2509%F «13
LR ORI FTITR K)
U.EANHATHE ) 8
ALSPTRZ 19 ¢ 1)
LR LUR TR TR K]
Ga3%93970k 13
U.29L71HUF <13
0.740R2T3k 13
0.1988777L 413
0.15KPTAZE 1Y

TIGAM - male

-162-




P R e T TS

'7/”"’L1957/L

L1+3910CAQRTN [ 1+3%0RANGZ"0 QI+ IRLNCICL N 1+ IPFA%AN2"0 GleTICRHPGGT0 SlUe HZw6ET"0  HT+IRFIGEER"0 Cl1+3IK2FEIGL"0 *9
BISARZUFERTT0 LT+ FTUns99°0 L1 TLL%af N0 QI I0ARIRZ"0  GT+JEHGIYH L0 GIsIT0922RIT0  91+3090707%°0 £1+390(69%6°0 F9
QU IGEZAFLE®D 21+3970G60S 0 £1+3219F w1*0 QI INNLTIRIE™D QUs3ICLILVIAT0 ST+0ASAIIN 20 4T+ T00GA99G°n 41+3R¢52811°0 29
WTeA0QUAEe2*0  J1¢GCAS/AGTD  [TeF/IGOZAT N GI+IARGAANGTN G- JSATHLZIN GLeI LL990F 0 »1+TAEA[CRI"N  w1e3052208[°0 (v
RIIOORTAEET0 71+ 37C001GAD  L1+THAT RS20 Q1+TGN72019°0  91+32097291"0 SEsI2UynhF ™0 @I+ FI6~FAIA"0  w1+32G0Tenl*n 09
RICIAUCARASST0 W12 392760010 L1+ 3T6LQR%E°0 QI+ INFAATARN  G{+3GF/L112°0 G1+36/2150G"0 ST+3SELNIT "N w{<3TANNL2270  AS
AUs UAVTLSRT0 AV A6TAILL 10 LT+3R%A099R"0 L1+ 3LC 5 11°0 Q[+3LFQ1PR2°0 GJ+392NKEH0"0 SI*ARSLINFT"N »1+AINAGOR/"G 4G
A1+ ACOTEYARTD AT 391/ TAFZ"0 LT+ TALARRTO0 LT+ 30FONEGT 0 Q[eIF/NFQF ] SUeINCARITN"O GTeIG2RIFIT"N  wis3afll0ns ") 2G
A< 3276102150 @12 d82121260°0  L1+3901902970  L1+ILETSON2 N 91+35001/9%°0 Q1+39CFIENI°N  GleIGInIGT1Z%0 w»(+100R%072°n 95
ALeTIAIOEQTT0 OT231C)ZAZNN GI+TEZANRA1°0  (1+IRTT7082°0  QI1eJOIRABAG D GT+II5/RAZI0 G§1+30G[1%9Q7°0 H{-30(v116°0 &g
61 d7CLLI022%0  RI-I9CGANIG ) AT+AGOPATIH[*0  LI«IIHRIIFED  OL+ IMPOLAG/ 0 Qle 1912129070 Gl+3ICIUna2F 0 ol+I6A9NN79°0 =G
AT+ A=FOFGRZ°0 AT+ 3N20ACCL"0 W1+ I%A7Aval°D  L1+908GH2F4°0  Q[+IE0OII2670 91+ 1GEANIA2°0 G+ IN07NE0D  »]+100HGHSL D £
AT IATAACRE™D  AT-32AN70K6°0  HI-T20700%2°0 L1+ I ALAFSLTN  L1e4SATCEA 1D 91+79A7%252°0 G+ 30ASQFA% 0  H[+3019F206°0 26
61430000267 AT3I9RZL0FT1°0 BT IZ00NTIF 0 [1+4009790L°0 Z{+3LIALASI N G+ 179215 °0 G1+3I7C7A1N9%) Gl 3v9y2R01°A 16
A1+3FQ0CIA9°0  ATCHRIARNITT0 RT*FALIA0ORTN  L1e4S/TTRAR™A  J[+3AJGETAT 0 Q[+3EIR/SAF' 0 GI-FOWAFTFL'D &[+1069%62(°0 NG
OEIFRGIAIATD 6143078222250 RUCI/ZNCHIS D AT+ TRN6QC110 L1+3216LAE2°0 91«4I0E80s% 0 G1+3Gn2/GAU"D Gl IRACLHCL®N Ay
B2 dRSLINZTT0 ALCACNYOURZ D BTPRTCARLEA"0 RIS T929FENT"0 [ [+3/G1A0A2°0 GL1+31G571RG"0 9T+3F71A90T°0 GI+I60RCFHI°N R
07+3G%96)GT 0 A1+TIFQuQIIE D RI+IKLCOHAFR™0  RT1+IFZLINRI N [+ Ihanal9F 0 QI+ IAVARANL"R Q1+ 14%0Q21°0 Gledhan2jie™n (»
N2e3IGALCOZTN ATASZI70L9°0  ATeWATFQRTTN RI-4[G00G22°0 L[+3[5759G%°0 QT+ 3Z/61%A0"0 BT+IJL01EG (%0 Gl1rARMAQ9GLZ* N 9y
022418601 92°0 AT 3716721970 61 TANTERF1°0 RT+I0GZEIR7 0 JT+IRWALAGE™  L1+37520%01°0 1+F6ARGRR["0 G+ Z[AFINL*D  &h
CINCRISHFT0 AL IFA2TRLT0 AT+FOPESAQIT0 BI*TFFINGF 0 LT+30TR00uD°0  [1+»31780971°0 9739 {0027°0 GI+IGL%2GGE°0 4%
07 Inm0umREn  ATLIRARTGARTN  A1+JVUCAPIZ 0 R+ FnQ90uEn"0 [+ IRFFIAFATH LT+ 3RIGAEGTI N 91+ JONAQTIZ°N G+ JAEFZAT"0 Fy

1

= N2¢322HAN0L670 02309 112170 61+34F15002°0  RT+IZRSFAFG 0 QL IRIIL200°0 L1+ 307005410 OT-3[E%C0TE"N  G[« AA0F Qus"0 .
w 02+A5%250F 170 02+ 327%4%AGT%0 61+ IFNSAZFEG  RT+TMAALN99°0 R{600%421°0 L1+ ICRAL022°0 9T+3[GH0[9F 0 Ql«I%0%NL9%°0 Tw
1 02+14CLY21EA70  N24UFZ0002°0 61+ ATROAFT="0 AT+T6RIGTTRN  BI+3INAORALIT0  L1+304ROMI2°0  YF+TFASHAPE 20 Gl+In9ALAGY™ N Nb
T2o30AFFRITTO N72307071262°0 AT+IFLATFIC 0 RI*IEZRAEAR"0 RI+3FGFIEZR(°0 LT+ AZLFASIF 0 OI+IE295ANC 0 Gl+3nl1hn0L%0  AF
[2234R6RASTZA 022 I7RRGSTF 0 61¢3790G8£8°0  ET+36R9FLI1°0 AleIn/ALATZ D  L1+39AFRALESD Q[+ IAF70R6G"0  Gl+3741sGaun  ag
(@edCPH20AT1TN D22 ICFAFAF®O  ATSICEAF2QL N AT+ IELAILST0  RI+TIYRZSQ2 0 [T+37L70v4%*0  91+3AGL2007°0 91192622000 1€
1703948200270 A2 3017006270 610319691960 61+3G76%611°0 RICIRIGALIF™A  [[+39/4%976°0 G1eI160IRIH"0 9T+IERZRLI D  9E
122361066220 020397 2A100°0  02+In0761 110 A1+ I0RNSL12°0 AT1¢IGRGTALFTA [ [+9R5F022970 Gl ILIRCFGA"N Q[+ 4 ARG "0  GF
TPeAFAZSLET0 DZ230AFTZCL°0 074 3LTAIRSI D AT+IAPCA202°0 QL+ ARAMGICH™D L1+ 39Fnh2F[*0 LT+32906NT1"0 Q1-0%1%G51°0 %€
1743014029970 02+ 102RK/26°0 D2+ F1CRCIT°0  AT+FEH{CAICT0 RLSITGIONFGT)  [1+F7GR00R%0  [1+AGT|1921°0  ql+30a%n0 10  f¢

120 37RLZ18C70 12430 /RIYIIT0 022 IC(ARCTZ70 AT+ I62REDAF A RE-ILOPDAEQ*G  RL-ISTIATOLT0 L1+ 39(90A%1°0 91+30QnGF02°n  2¢
P2edPi1i2L™ 0 [22JEAFIORI"0  02¢T4GIGREZ D A+ IGIHIOCH"A  BLeIHGRAIS) 0 HI+ATARZRTTT0  LT1+309077/1°0 914092100720 (€
12030962080 12sdoneciyn" OZ+ANADISTIFE"0  A1=IN/ABGHG D AleICGIARA A BRI+ 1aRF{EE |0 L1+ JPA0MATI D B1s3GIEF*92 N OF

4R LL LN R ] 123211 %802%0 CERR LT ELYE ] LARRELFE LS TR ALsAl022501 0 LARE R LR RN B L1=3%renzeTn Q1L+IPECRADL "0 LY

A2 ANNASETTN 122 INROIGEZ 0 BZIGLIQAGRTN [T IRANNALLTD  ATSANEGHR21°0 RI+IARICBN 21+ IYAFAPHI°N O1+ 1GINUNSE "D RZ
ZZeACHIIGTTN [20T00I00TCT0 BZ2 A0NTASRT0 KT IIALZZZRT0 K1+ T2007950°0 AL+ 36 9717%0  LT+3A9=n10F°0  G1+30F9NQHF N L2

P2 N0QERRITO 12-T227AG1E7 DZCATILAALIT0 B243800FANITN AESIGRALILT 0 B[ dIFRATG2" N 2|+ 3{/ROSHF 0 Q[+IRZINAEN"0 22
72e30[Funn2ta T2/ 00000 DPETALADIPLTD A2 IR02%APTT0 ALIGNBCNATT0 R 4GNP~IAZ N L1*ANFLCCAF*0 9T+ 42/9L2R2°0 &7
224701790070 (22128085670 070 3A0CINNATH 07+ I[AFRIGTN AL IGIATAFTN AL IGIIGFF N L[+ 3GOIRATS D 9[eI779F6G5"N w2
PPLACLALNIETN (20 O0LU0NAT0 120 2NARNZ 110 02 ILLEINNTT0 K{eALTRIL20 AL I6ICOJAES D L1+ J9%AnZ1C°0 91+ 460vau29°0 EZ
Z2edRTf20Ce"n  [Z439Cn]9A, "0 124 42GIOFFIT0 022 ICIRAT|I0 RLSATACCLIFTE ATeI0N[RGRNTD  L143ENP929G°0  QLs3{LG1200 D 22
FZrACLeNLYGTA IZLANARIZGATH 124 I0ICTRCTNN NZSHRIGIRGLT0 RTSICHIAGCTN RIVINCANITG D LT-JT9AFTWI“0 Qe IniEIIRL D T2
2Z0AMAONRENTN I2PARACAETTTN 12 T0/NF NI 020090 1A200 AL INSHYLINTR N30/ INLRGT0 21432009480 [ AZ[INIHATD 02
ZZCOAGKALTD 222 AADLT L0 [ZHIRNAR[PZ°0 a2e 11AIR0SE "0 KHTeAENFUSAn") RIS IOFRLIZY°0 L1+ 1595F054°0  9[«I9RU[IHL"O A1

224 ANLZII06"0 2203102779170 12+ 1RANIIN2°0 N2+ 1760 [AAF N AT=300N%17G670 WI-IFRTL192°0  LT=392590Sh°0  11+359,20018°0 9t
€244F0/0CTTTN 2723/ 19A7A1°N  12+3G010/0F"0 03+ 47800402°0 A1+ TRAUARCA"G B¢ 17 [BREIH"0 KL+ 12GQ1anT 0 21+I6220F21°0 21
FZemnPAI3 170 22+ 3911R22°0 17+ IMNALIARTN A2 I NAKAF S N A1 42RO 06 %0 81« 3607 [HATH BRI+ 21/0521%0  [1+ 338G FL) Q)

: EAANLSINQITA 2200370617250 (2 AOFRI52 0 n7e W6RRTEIZ2%0 AL 00725050 Aledsant (10 RICITTIZ212F1°0  (1+3RASZGTL D Gf

— —

SInng S RNS FIHNS JINNS TIWNS ayunc AHNK awns ¥

N L



~791-

-7,"“' -Hy9IL

10901288 D
Z0s3906648F 00
FOs IFHA%2RZ "D
90+ 37609FF 170
“peANFFHOICTD
GO« uFCHINT "0
GNs dUAGCORRS" ([
ane I6GrRa2 1 n
QO IGPAIRTIF D
Qg+ IT2FHOILN
10~ 45619670
194300149280
L0+ 40 100GH0 "0
90+ 3197627170
w0 IP269770
HOeIEHAL AN
RO+AST7E20770
A0+ INNGARTE"D
A0S AN &I LAT"D
AOsIN9T002F "0
AN JOF ) 260570
A0 308 L0Y6T°0
DL AFAFIZITD
DERRTEFEFLNC] Sl
LIERCT I FAY )
[AEELISFET LN ]
[EEFLTTIN PN
IR ELL LY AN
EL R P ]
EEA LN B
IERVIR T AN
Inchng 2E
LR AR E T
I af vungTn
1Chennaza
LTI R
marennytn
Arrinsen
e/ arEdln

IFJEROEC O

1
1
L
1
1
1.
1
1
L
1

1
1
t
1
t
T
1
2
2
o’
2
/4

21e31229705%0
Z1-3¢712009%0
21« UKD
Thes02nt

Fredagissoetn

innsg

1o Inrrefiro
203G 1QHAF D
[SEETLEET LAY
w0 3C291G01°0
LLRRII LN ]
<neIreciotTtn
ane I outrren
CURR TR A ]
QnsifferRRL"O
CLUEREE LA R
Qne in7n1268°0
L0s3ayrqartp
10 3F1STAIF"0
I[N 39nA9FRGD
ans32o4Fra1co
Qans17apAL.1%0
apeIncaiuAZ g
BOCITIEIRAYN
Q0 37n1ATHL 0
A0 3I%IL221°0
A0 InIQIARTO
ANe JnaRIURZTO
AN 3INOTLLPYT0
AD=IANKFIUZOA
ansAWAIIITA"D
LRI LS LT 1 Bl ]
[URRTEFFATIRE ]
BleARmar G2 g
LAERTLS PAI AN ]
0(+3cTRCON."D
N1+ 3cGyIRgT*Q
FRRRPEI LI
[EERVELYRRREN]
T1+3T1A7G51"0
11+ 36G82FN2°0
11 3cy1n0u2*p
[V ETAY )
[RERLYFEI AL ]
Tl neGSGD
JIie22ne408000
1123705208970
EIE TR
CTsIGRRGUFT 0
FACER PR FATUN B
TS ta 1L
S AuCcant 62

qune

Tnelnglecyen
20e3c0r71ac%0
€0+ 00004170
€0+ 3RRG TR0
*Ne20290272°0
ane3nnQNORy "0
G0spusncnitg
ane A unanetn
QpeIffuninito
Qne IFRZFZZT0
qnejazasnestn
Q0+ AIRZANIFRTQ
FRARLEIRI A B]
L0sTHsGhaT 0
10s3729n06% "0
Ihe3eqnncnl*g
AN A0LNFR2TT0
RN+ ITRwLARTTA
RN IRIRITRZD
WD T0ZFRGHN "N
HN+3IZL70%99°D
AN+29179G1 R0
AD+29960T°D
AneATFIRONZ "0
AQAFKASIUITA
6N ICSUEIAFTD
abe LT LRFGTD
LURR LY LR )
AN ALHNITAR"D
0fe3nyQuort-g
afeIzmanzirn
01+ 756627"0
0fs3tCrgFraz N
[IERIETEIFE R ]
0le 020K 200
01+ 10una nan
01e3rnysnartn
QlsA[RFICCR™N
tie3 2100710
tisansnenstn
dlasngealte

ARGz are
T alAeEONIA | Afe 30 uez) 10
01+ 4GRaN285% 0 _&0-Inns nut0sa

TUsat/cnoa>en
T1s¥nartoren
11 3spzn00e "0
1leinpnatoesn

SuNg

IO+ 3002RELE0 10 F017RELF D
ELERITI LI AL B PR EEELLTEAY]
FN+IY2RR291°N  ENaIRIASGF D
FNeI2EQLENI0°N  FOe I90/HNGH"0
#OCTATIHNIATSR ¥0+-7901LA2100
aNeIZANLLTSTD 90+ 3202997F 0
GOe 42150Q21°N  *N= 379012570
QR+IARFRIAZ0 SO+ INRAIGGT D
GO+ IYRRALRGTN GO+ IINSTHOF TN
Q0. IECHIGITD  Che IFURAUSTD
ane 1AL [L12°0  90+3G¥RET0T°0
Qs HNNONAFSH  TN.FIATEELL00
AN 19GHZLLATA 90+ IvLHUINT" )
L0IETLELLTD ANsFonbNAGH "D
L0+ATR|SGRTN 9N JURRONTLD
I0CATREAHR2H L0 TNH2R60170
[0+31R0ARGET) 1N IROCIESTTD
L0+30929960°0 L0+ IRRCIREZ D
RO I92ERFATA 10-3%20AT45F "0
ANeIRNGNZSLTO [NeIZTRIZANTN
AN JIINAAATZ0 1N J0RTHAIITD
B0+ A9wnCOLFN 100 A1RRRGTATO
A0 3ACHZ RS0 RO 3Z(GOF2T°0
QN+ AT INGAGTD RN+ JHRTHSO[ N
AN+ ASQTYIR"0  ROCISANILIZ0
AR INAARRADTTO BO IHCARIZHI N
&0+ TRIHFARTT0 RACISAICHIF D
0> WRAEZAT0 AG-IZOIGANN
A0+ I5AHI G20 RO INE) IHAGD
KD ITARFGAF D BOCIARTZO[F7 0
ANCINFIRGIR®0  KNe I 6ICIR"N
AN IZTEROIGSA 60e 351RRIT1 D
DI RECYFLVEERN BY B ECEL TR ]
ARe IFARKGER"D  ABsILTIQ/31°D
AL+ILRGIENTT0  ADe30RADZAZ"N
AT+ ARFQALZ1°0  ANeAVACDHI 2N
AT«38277961°0 AN+ A[NLBRHZTD
N1+ 100LBNAT 0 KO« 16UTHOGE "N
Q1429960F2°0 A0+ 3wFaunnn"n
AT 35590/ L7°0  AD+IGTRARIS"Y
BT 16525205°0 AN ATHEHG N
1GRERGAE D K0 12Ca2E0T0

Qpe 3901 Rt A T ADY G/ RIGTA D
NI AZENNIN AlednIn/GDT"D

OGN fhns

A

ICERLEFLT AT
2N 4f BROARZTY
FAe3ZIGRINLTD
E€NeNFLTORE 0
€O-AFLF294A70
LR LLT AL B ]
¥De3IFIRNQLYT 0
"0 I LI2G19°0
GneIntsracite
Ghs JRFIRFE2°D
GNeIRERAC SN
QReAGIGEN7 100
901627110
90+ J1FQIFIT D
904 3TN9LRSZ "0
AN IRPFIGLETD
9N+ 3ANANLFG D
AN+2190492251°0
Ine3ciasEnt e
10 3IHBLZ091°0
10439902010
L0+3119G9%270
LneTETG02F "0
104391911570
L0 HIPR226°N0
10305 55969°0
103952 [R"0
Q0414400170
AN AL LSR221°D
Qo+ 340mEuNltY
ADCAFG2LRLL%0
R0 464PRP 127N
CUEREAEYE L]
AN 1) NCICAZTD
RO ANEIRBAF O
R0+ JOATIRAS *0
RO ISF 280U 0
Ane 1002000
A0+ 49200030
CLERLIT Y LR
CLERTE TPLAY RS ]
RO 3160 770u%0
ELERINS EL LN
LY LARTRI R
anedasEonL
aneazapreLTn

ZHE

{ne3gl2RF{f"0
2nsarenitiz-o
2043212456970
€0+3122SR12°0
F0e3Ee0RG26T0
#0+IIQUZILLN
20+31721A1270
90+ IFLRTART D
40+390;2RQ0°Q
N 3RTASFLTTD
Gane3sgannartn
S0+3F91%a17%0
LLURELELF S A R ]
LR LUV R TN
SN+ 39NLEHRHHT0
9ne3IHZIONTTA
90+ IEGFHOYT O
F0+328LTIG12°0
90+ 1949F2ERET0
Qne3qLILIOE"N
ane3INRLE99T0
9N+ JOF90EHST D
9N+ JONIGARFLTD
9N+ I9GRAT A0
ineIZOSITIT" 0
{0+ 3RIFI~EL D
LnsypRznatte
Lnedrzs pnanlcn
L0+ 391092220
L0+ AWFERRCT "0
LD 3600 RAZI"D
tn+391n078v "0
10+ 39%GMUE "0
ns s RGAT AT
1043682 1m0
10« 3R5I0 050
Ine35v7209%n
LneIer va0ytn
L0>IHLSSHEL 0
10-49narr0n"g
IR EITA
10+ 42605GY6"0
W0 45620201°0
LLERELE FET S ]
/N ISERGITTO
CLERIS ER T4 R

1wNs

10«31 aRC L "N
Z0s32n25 51100
ELRRULES N
€N+ IvALGIHI D
FOsIN25€CLNL"0
€0+ 22AAIASTN
%0+ [6HRUNL 0
%0 AZnIn0ULY
B ANOHORRITN
503C12F9%%°0
#0 3L [0V N
w0eI0eHNEYE "N
CTERVEA RSN I}
GO0+ IRGHIIN[ "N
S0+ ILDAKNGE R
GO*AQIGINEE "N
QusANITLZN A
S0+ IRAGHS =
SO+ ILRZaAane
SHeINNRINYH"D
90+ 3A9QN20L" 0
90+ 9%292€2(°0
Q0+30L7 %9517
90+3GHNZIL N
G0 3LIARAL D
Q0+ I2QLHRZZ N
90« 16IRNTIZ"D
90+ IRIAG%62"D
90+ IYGHARZE "0
QO 1L2PEFILTN
90+ IRIF1ARLTD
Q0+ 32.0872L%°0
Q0+ 110/ %99%"n
ELERTEA SN
QpeICLNFIFSN
GNe IHan=29%°0
90+ 1€QULIAG D
ELERULS L4 e i)
ELERTERLY LRAY ]
QO+ 1INIRLLITO
ELERTA LTS VR )
90 322N L"Y
90 FLAEINNLH
90119k ARILN
90+ ICKGIIRLTD
QN e LRI AR

X3

ort
HO1
wol
ol
Q01




110

SHmn

0.57°31147F+13
D.4nbTal3F 1)
0.1A37VAR4F

0.21H00° 3F
DL IKRTP40IESLD
U 12 taTeat 13

AL T E TS

UTISSTIIRGTS
0.5417015¢k 12
0.4012872f+12
0.7%Q1A 1112
0.7 14NNt 02
©.1553028F«12
Q. VL1 IRROE |2
D.7RAS VanEs L]
0.5534S91E+ 11
0. R4 IATHE 1]
0.26390608 ¢ 01
0.1791aL9E 411
0.12006A3E011
0,7939Ta7E+10
0.5174100¢+10
0.323RP9F 10
0.2094790F+10
M. 1304717F 10
0.7944430F+00
0.674420RE 400
0.2771A50F +09
0.15H1 36AE +NQ
0.ARTHITHAE + 08
0.474TARSE + 08
0.76Ha 16308
0. 129540308
0.4097419F407
0.7R32319t-0T
0.12503R4E407
0,5205523E « 04
0.202399RL + 06
V.TP52444F 05
0.7354A69E + 05
0.ATTI230L 06
0. 1RAIHIRE + 04
0.129A040L <03
0.413)17A6E <02
0.3173R210F+01

QICT

0. 2NHAROSE S L4
0.199DRI2E 14
0.1526987E 14
1i6121aFs 16
WIBKTZAF « 13
B.AROHINNF 13
0.4925699€+13
0.3nN0%4F 13
T AT
OITTRERTT
0.14ckh123F 13
V. 1077036E-1]
O.7321120E 12
D.SLTITIIE-L2
0. 3151R704F412
0.PSUBHRALES 12
N.17183R9E 12
NLT1R6I3IF 12
0. 7HOS33IE-]1
0.51F5 1938+ 1]
0. 4373774E 1)
0.71T3091FE-11
0.1379121F+11
0.1A1S105C+10
0.9291«79F+10
0.3191897E410
0.1HRTITSE« 10
0.10935328 10
0.r1TDSRF « 09
0.341970RF « 09
0. 1HITHALF 09
0. USHHNG IE < OR
0,4R40I5AF «08
0.2 156195F «0R
0.1100794F+0A
N.eyINSiaE 07
0.2078197E.07
0.A2THIIOF <06
0.30T2H0TE 0k
0,.1049009E 06k
0.3237R49E+US
0.RRIAYD4F « 04
0.204aT775€ 404
0. 150RTIRE+ DI
0.5107TSATE <02
D.3138210F 401

(ST )

N L0RNILF TS
N.HO2S329F « 14
AGIanITE 14
0, 6504ARNE

Q.Pah9baltt s 14
0. 1N0HBIIF ¢ 14
0.13192K2E414

0.94914H2Fs 13

YRR K]

T1M

RULIR]

0.41305?KE+ 15
U.30696810F 0 1%
V.2PHTORLF 1%
V.16RAGTTESLS
0.1P17A49E ¢ 18
0.R7IHOIRE ¢ 16
0.6310A 3QQF s L4
D.463INRUE 14
0,316 0TE 14
0.273%140F )&

Rurrerity i saliaie Srtete I Ry P

0.3397%90F« 13
0.23TURSNESLS
IR TS UY 30 )
0.1121263¢413
0.7593437€ 12
N.50RTINTF+12
N.336KTIHF 12
0.2203718Ah 12
0.14232%4¢ 012
0.906T15%€ 1]
0.5A933RAF 1]
0,.3520294 11
0.2141173€«11}
0.12796A 1211
0.7505150k+10
0.43134R1F 10
0.242%4uSE+)0
0.13319528 30
0.712HaTIE+0Y
0.,37092A03F«09
0.11871403€409
0.91291RAL +0R
0. 42R4274E 08
0.192H079F <04
0.R2TZ3RPESLT
Q.3 3RIHGAFOT
0.12RA66VE 0T
0.455R I8¢ + Db
DL 14ABTHHE « 06
0.636T6ORE 205
0.3129KeTE+ 05
0.264B06AYE 204
D.4356934F + 03
DLSaRTLQTE 02
0.,373R210F 0]

DITATAIRSE TS
07331963213
0D,4N61409€ 1)
0.3327971%€ 12
0,270 1710E«13
0.1442217E4 1)
0.933R06RE]2
0,509K734RE 12
BoATe1SROE 12
0.2340306E412
0.1433%90E-1?
D.8R4a2521E 1)
0.%12222RE+ 11
0.2941N%4E 1)
0.1701392F 14
U.950R7KAE 10
0.51Y5305E+00
0.27A9R2 £ 10
N.143THAREID
0.725N209E 09
0,3%a0V4KE+0Y
0. 16AHYS4AF 09
0.7570274E+08
0.378AASNE 0K
C.139HU?PE+08
0.5307A55F«07
D IVGADQQEGT
0.6R21R04F ¢ 0h
UL 7N65239F «0h
0.5794KINEL + 05
0.1627319L 0%
0.2976715E 404
0.6942454F o0 )
0.4H5522RF <02
N.373RZ210L+0)

I g

LSS PRI
[N ENCTATTIRSNN
N.BIZaP29k e 1Y
B.o8571a9t 415
Y CRCS PR
N.2WHUKATE + 15
N, 210 300ak 15
W i6Tdouat ol5
0.1022287F <)y
V. 703RLAPE 4G4
N, a0 §a’ b alé
RIS AT
IS
Qodaal?rlhr el
N.%ab5Hent + 13
LIS PEYS TN}
V4931103412
0.264RNARGSY o3
0.15552408 ¢14
0.95R50574 .12
ALSR2 16T 12
U.36AL19EE12
0, 06lRIE 12
V. tIRAIGYE 12
NoATIE2AAE 1]
0.373020R¢-11
0.2021R171 1)
0.10770agr1]
0.585A097¢ <10
M. 2R1e2H0t 410
LIS RELTE PORSY )
0. 65119108 «uy
U,2972unat <04
0.1303619t w09
1,56k 3920t < by
0.217TRTOF sl
0.nEORL0NE LT
e PHGRASE s U T
0,946n 302 4 U6
0.2HP2THGE «0in
LPRATAYELINEE]
Dol TRUGALE s 0Y
N.39312511 s 04
0,8505%341F 03
NonaPVlaHt sud
N.ATINZA0E 0]

sum)

N.SantiaTElh
[RELESA VST
N7 THNIZHE o 1 h
ValyIannst s e
Gl AN0LEYUE S )&
G.97UHATIELS
Donlelanirels
D.amlenltoly
Ma J1SEIANE o 15
Vorlcvnr? it s
O larhul iy
Go9esnTaRE sl

WEOTATFTRT
n
U.lbankaltels
[ RURRRETY I I
Uabat23I9t «1)
0.3913533F 1)
0,2 3NHeWek o3
D.)3997urE«] 3
D AITHIAYE 12
0.4h94N198E 12
0.P64159TF 12
[P ELEY-LL IS P
0.7931726E 1]
0.4703027 11
0./172205E 11
0.10Y%2aS5E=11
C.5398551 10
B.22h6273E 00
DolinTnslrann
N.HlranIHE 09
0.21v1 76t <09
D HAHILAAE <0A
Ue3ulvgant sup
Uel2e1377¢20R
0.6¢15709F 407
0,13Pan7af 07
D,37TY9HT3E < 0K
0.9771081+ «0S
0.1H95H258 s 05
I R P XY
Noteebhelf 00
Q. AnUCHAYE 02
[PRTELES LY 3

RULIEY

D.IRSasThp ot T
C.13106ndb ol 7
N.QIARYOGF o 11
VahuORHITIF A
[IXTR LN STRATY
N.306caHFoin
LI R AR I TN
LIS ELEERTT YT
IR R LT T I )
LR YR AN EY
0.60HPSSTE 1S
0.765A5/F 1S
017108 TF oI
T TnaG Tt o1y
ARAAS AR T T
0,4fTIhCUF i
DL262RUNGE e
N I593R27F ¢ 14
N.9933AYIF .13
LT TAIRLY S )
0, 32ncURKF 13
B 1HAZS AL <1
0. lubab e ol
LA R RLLIES P4
D.3103594F 42
0.1039850E 17
Q. ManZPTORIE
0.4¢61251E 411
0.2008906AE -]
0,990 THUKF . 10
0.e5A925TF L
0.204a380F « b1y
NHITIZSNE (U9
0. 3606559k 40y
Delaisfeie o
0.5265042¢ «up
L IRUSHILE con
0. nlthe 499F cu T
0. 1RVIERE QT
0.50450e5¢ «Us
0.1269157F 06
D.2AK04 49E 0N
O, aKablulF 04
N.69213150 403
Q. HYTRARYE <02
0,37302108 +0)

iy

DoAgHUH 9L | T
LT L L LI
D292 39008 e
N.2004210F+17
0.13633538 <17
B.92N0H59F o 1 n
DL6HISR3ITHE < 1h
0.40ANT 4 21 b
BLZRRTRISE ¢ 16
O AIn13TA o)
ML1T301 33816
WI2IRITIE S
B.4562734F o 1S
DLZNSTATAF 1Y

TS TR T

G.J074RINE 1Y
0. haTauRIT <14
GLIRGTSOTE + o
N 225 3BAE 14
0.1300u82b 414
0.7 ANaSHaF o1
0.01224%KF ¢ ]}
02602190413
N.32155M)E13
0.640401ak a1y
[ RS T TR
Nolabthant s )2
U.HIS& INVE « ] L
0.3R91J41F 11
. lH0anYSE ]
f.R09314a7E1n
0.350 3196k + 11
B.145890T7F <10
0.581781HF -0y
N.22i17200F 20y
0.79R4 3748 anpy
026992108 sn
Y.RLIGULSE A0
0.24905h0L <07
N.hR14340F <0k
15693 10F 40K
D, 32416375 <05
n.5a1197 T s 04
V.IhSHIRGE D)
V. T3ISOS10F 02
0. 3T3IH2)0L <0

716Gor1 - male

~165-




APPENDTX
Analysis of a
X

=) oo @
t _ t 1 i t
8 = Y T -4 = 1, {1 -a)7,
t=1 t:1 t=1

Expanding (i - d)t binomially and collecting terms, we arrive at the
following expression for a s

1 o
ixﬁlx’l + 1x+2 + 1x+3 + 1x+4 + 1x+5 + 1’”6 EONPS 1 M

1

(1n1 +21 ,431 ,+41 51 +61 +oeeo)d 4

x+4 + x+5 x+8

2
(1x,'2 +31 04681, +101 4161 44211 o+ esa)d” -

3

(1x+3 +41 ,+101 +201 .+351 +58 1 o+ vee)d” ¢
(1

x+8 8

6 x+7

4
x+a ¥ 5 lx+5 + 15 1x+8 + 35 1x+7 + 70 1x+8 + 126 1x+9 + el )d -

(. .+81 ,.+211 PN T L

x+5 x+6 + 60 1x+

8 9 x+10

x+T + 126 1x+ + 252 1

(1 +71 +281

6
x+8 x+7 +$2101 0044621 4, 4 .u)d - ...etc]

+ 841
x+

x+8 9

The coefficient of d° is the summation of the 1x column to 1x+1' which the
reader will recopgnize as the familiar actuarial function T . Let us define
3 1 x+1
this as Sx+1' hovever. The coefficient of d° is the double summation of the lx
colum to 1 . We will denote this as 52 . We will denote Si as the ith sum—
x+1 . x+1 Yy

mation to age y. It may be seen by inspection that

8 = %x Si+1 - (Si+1)d + (51*1 - i*i)dz - (Si+1 - 2Si¢1 + Si+1)d3 +
(s5,, -ast, +as] -s% )at-
(sfﬂ1 -8+ es:,'1 -as) s Si+1)d5 +
(S:+1 - 552+1 * 1°Sz+1 = 103:*1 * Esi+1 - si+1)d6 AR

The coefficicnts of Si+1 should be readily recognized as the binomial
coefficients, A further simplification is possihle. Notice that the coeff-
icient of d2 can be reduced to 5242’ the coefficient of d3 can be reduced to

4 4
(S .o - Si+2) = 5%, , ete., finally yielding the following result:
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A
-2 -
_ 1 1 2 3 2 4 3 5 4 6 5
8 % 1 [ sx*l - (Sxd)d * (Sxoa)d - (sx+3)d + (Sx+4)d - (Sx+5)d +

7 [}
(Sx+e)d - .....}

which is our desired formula,

II Analysis of Iax

oo

o0 R
t t E
Iax = Ev +Px = Bl - d.) tp! = %x t(1 - d)tlet
ts t te1

Expanding (1 - \'1)t binomially, and collecting coefficients, we arrive at
tho following:

1a =
x

1 o
Ix [(lxd 2o+ 81 a8l B i +B8 L g4 )T -

1
(2 +41 «r91x + 18 1,:+ + 25 1x+ + 30 1x+6‘ eee)d 4

x+1 x+2 +3 4 51

2
(21 401 o +241 #8001 L4001 o147 L o+ ..)d" -

x+2 X+

3
(31 + 16 1 + B0 1x+5 + 120 1x+6 + 245 1x+7 + 448 1x+8 +a..)d”

x+3 x+4

4
(41, +261 4001 . +2451 ,+5601 o+ 11341 o+ ...)d" -

x+4 x+b x+8

5
(Bl ,g+361 o+ 1471 .+ 4481 o+ 11381 o+ 2520 1_ 0+ ...)d° +

6
(s 1,*49 1, + .0)d

Using the notation of the previous section, the above may be written as

+ 224 1 + 756 1 + 2100 1 + 5082 1
X+ x+ .23

+7 8 9 x+10 11

1 2 3 2 4 3,2 5 4 3
Ia, = 1 [sxd = (2Sx+1 - SX#i)d + (3Sx+2 - Sx+2)d - (4Sx+3 - Sx+3)d
0 5 4 ( (] 5 8 7 [i]
¥ (ssx+4 = Sx+4)d - (esx+5 - Sx+5)d + (1Sx¢6 - Sxﬂ!)(l Toeees

Alternatively, we may write this formula as
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8 6
+ (4Sx+4 + Sx+5

3
1= (Sgyy *

D

x,'2)‘1 + (25 x,'.3)<1 - (ss
4 T 7 5
)a® - (Bsx+5 sx+8)d + (Gsx+6

The above two formulas may be written more concisely as

la, = 1
1
Iax = %

:

~

2
sx+

2
Sx+

1+

14'

e 3 |8

(5
u
-~

—l)t((i t)52+t

t,2+t
() ¥es2tt +

1+t
x+t

g.+t

x+t+1)d

)d

7 \.

J

5 3
x+4)d

8 1a8
xn)d -

In order to make the quantum jump from the binomial expansion to the

formula in our sumation form, the reader is well advised to refer to Pascal's

Triangle whore

ive summations

of the binomial coefficients,

END
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anong its many remarkable properties one will find the success-



ADDENDT

The FTortran nrorram "TTM1"™ was used to ~enerate the Table of Isclated
Mortalitr. The 1771 Groun Annuity Mortality a9, valnes were accessed via a

subrontine,

The ot-er Fortran orogram was used to obtain three contimuous annuity
valunes nsine the TIM technique. The age, sex and interest rate for the three
annuitv valnes were sunnliel to the »rosram via a Data Tile "TTM DATA". If
a whole tahle of annuity values were required, the nrogram could easily bhe
adanted hv introiunction of a DO LOOP, Male and Female a9, values were avail-
ahle from the subroutine.
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TIM]

160

170

180
190

300
302
303-

500
600

700
230

FORTRAN P PAGE 1
INTEGER XyZ TIM0001
REAL QX(25110)9LX(2+110)eSUM{150¢110)9AXsDsVINTSVINTX TIM0002
1IMSETB = 0 TIM0003
IFSETB = 0 TIM0004.
INED = 1 TIM0005
ISEX = 1 TIM0006:
CALL GAT1(QXsIWEDsIMSETB,IFSETB) TIM0007:
LX(195)=1000000. . TIM0008:
LX(2+5)=1000000. TI40009:
DO 160 J=1+2 T1IM0010¢
DO 160 I=1,105 TI¥0011:s
LX{JeS+I) =L X (Je4oI)#(1=QX(Jeé+1)) TIM0012:
DO 170 I=1,15 TIMOO13:
SUM(I»110)=LX(ISEXs110) TIMOO141¢
DO 180 I=1+105 TIMO015¢
SUM(19(110=-1))=SUM(19(111-1))+LX(ISEXs110=1) TIMOO16!
DO 180 J=2+15 R TIMOO17i
SUM(Js (110=1))=SUM(Js (111=1))+SUMC(J=1)0 (110~ l)) TiM0018:
CONTINUE T1M0019¢
WRITE(49302) TIM0020¢
DO 300 1=15+64 TIvM0021¢
WRITE (49500)TsLX(2s])sSUN(LeI)sSUM(29I)eSUM(39]1)9SUM(49e])sSUM(SsIITIMO022!
19SUM(691) 9SUM(TSI) TIM0023¢
CONTINUE ' TIMOO024¢
WRITE(4+302) TIM0025¢
FORMAT (19 //2X s X0 oBXp 9L X0 912Xs *SUMI 9 11Xo*SUMZ05]11Xs?SUM3 11Xy *STIMOO26¢
1UMG* 911 X9 *SUMS 911 X9 *SUME* 911Xy *SUMT*//) TIM0027(
FORMAT(‘l'//2X9'X'97Xo'SUM8'leX9'SUM9'olXXy'SUMlO'QIOX"SUMll'QIOTIMOOBB(
1Xe?SUMI27510Xs *SUMI3*510Xe*5UMLI4?910Xs*SUM1S?//) TIM0029! |
D0 600 1=65+110 TIMDO3D!
WRITE (49500) ToLX(19oI)eSUM(19I)9eSUM(29I)9oSUM(391I)9SUM(49I)sSUM(SsI)TIMO031I
1eSUM{69 1) s SUM(THI) TIM0032! |
FORMAT(ZX,I30812X9EI3 ) TIM0033¢
CONT INUE TIM0O034t
WRITE(49303) ) TIM0035!1
DO 501 1=15+64 TI¥M0036i
WRITE (49500) IoSUMIBI) 9SUM(991)9SUM(109I) oSUMILI19I)9eSUM(120])9sSUM(TIMO037S

11391)9SUM(1491)9SUM(15+1) TIM0038:
CONTINUE . TIM0039¢
WRITE (49303) TIM0040!
DO 700 1=655110 ' . TIMO0041f
WRITE (49500) I9oSUMIBI) 9SUM(T91) 9SUM(1091) 9SUMI11+1) 9SUM(1241)9SUM(TIMOO042! i
11391) sSUM(1491) 9SUM(1551) TIH0043:
CONTINUE TIM0O44!
CALL EXIT TIME04S!
END TIM0046!
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TIM

160

200

170

180
190

210

FORTRAN P

INTEGER X2

REAL QX (29110) oL X(29110)9SUM(155110) sAXeDsVINTeVINTX
READ(1+%) IMSETBIFSETB :
IWFD = 1

ILTSEX = 0

CALL GASIEX(QXsIWED» IMSETBeIFSETB)
LX(1+5)=1000000,

LX12+5)=1000000,

DO 160 J=I.2

DO 160 1=1,105

LX(JeS+II=LX(Jpd+ 1) % (1-QX(Jrd+1))

WRITE (49200}

FORMAT (*1%//*INT RATE AGE SEX ABARXV//)
READ(19#9END=230)Z+ ISEXeVINT

IF(Z.,EQ.0)G0 TO 230

IF (ISEX.EQ.ILTSEX)GO TD 190

DO 170 1=1415

SUM(Iv110)=LXIISEXs110)

DO 180 1=1+105
SUM(19(110-1))=SUM(1s(111~1))+LX(ISEXy110-1)

DO 180 J=2,15

SUM(Js {110-T3)=SUM{Js (111=1))eSUML(J=1)+(110~1))
CONTINUE

VINT = VINT#.01

0 = VINT/{1+VINT)

X =12z

PAGE 1
N

TIM0001C
T1M00020C
TIM00030
TIM00040
TI0005¢
TIM0006C
TIM0007C
TIM00080
TIM0D09Q
TIM00100C
TIMOO110
TIM00120
TIM00130
TIM0O0140
TIM00150
TIM00160
TIM00170
TIM00180
TIM00190
TIM00200
TIM00210
Ti400220
TIM00230
TIM00240
TIM00250
TIM002690

AXS (LOCOCELCCEEOISUMILS (X¢14)))#D=SUM(149{X+13)))2DeSUM(13y (X+12)TIMCO270

©1))#D=SUM(125(X+11)3)2D4SUM(11¢(X*¢10)))#D~SUM(109(X+9)))#DeSUM(Fs (XTIM0O0280

248)) ) FD=SUM(By (X¢T7)))2DsSUM(Ts (X+6)))4D=~SUM(69 (X+5)))#DsSUM(5s (X+4TIM00290
3))I#D=SUM (49 (X43)) ) ¥DeSUM(3+(X+2)))#D-SUM(2¢(X+13))2D+SUM(19{X+1))TIMO0300

AX=AX/LX(ISEXeX) « .5

VINTX = VINT®#100

WRITE(492109END=230) VINTXsZ+ISEXsAX
FORMAT{F6.491Xot B 94XeI204XsI1e4XsFT,4)
ILYSEX = ISEX

GO T0 S
CALL EXIT
END
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TIMO00310
TIM00320
TIM00330
TIM00340C
TIM00350
TIM00360
TIM00370
TIM00380



TIiM DATA P

0s0
65913640
659145,09
S0s194.75
3892+5.25
2094293.75
0/
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