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4.1 3¢ leﬁﬂuﬂ1§ﬁﬂﬂ1élﬂi}Nimﬁﬁllaﬁﬁﬂlﬂﬂ]ﬁﬁﬁE}Qﬁg]"lnl
(Observation periods and basic categories)

ﬁﬁU%L’Jaﬂ%ﬂﬁiﬁﬂ‘!ﬂéj@ﬁwﬁmg TUSENN ~observation period” MaLILEL
observation period  SNAIN 1 NFNIAN 2520 $19 30 AW 2525 UAEasinae
dnagviimsdnm  legsanniuesuiinansssdilseduds  Safuasusevininssss
Useiufufi3undl  anniversary-to-anniversary LLasiWUﬂWiLﬁaaﬁuwwaF]ﬁﬁms’ﬂaqﬁu
MSAIWIMAZANEY 5 TI8MT A8 Starters (S). Newentrants (N). Withdrawals (W),
Enders () WaZ Deaths (0.) 30209100 N observation period NN IUATUSAUNTHITIN
Tudl 2520 Detuasusaniinanassaiull 2523 agléh

1. nsNssTEasziunowd 2520 azeylunguivhmadnmdailonsuo s
s o) deiluaeinldag iwinasusautinsunssiiug 2520
> NN TTITIEHseiusewiatl 2520, 2521 WAy 2522 azagﬂumﬁyﬁmﬁwmi
finth |

3. nansrasiuenmionniaglaiag lunauivimadnm

s nannsalle o ludin () 1B Swrtess 1w NIEIIEAGNEE 3 gwied
2505 Waghmsdnmda 3 dgwen 2520

5. nsue99 10 9 e (2) fTa3and New entrants

NTUDTTAVARLATTIVIMTANE (T) = Starters + New entrants

6. NaNDTI T nINmIRHArdLNnNT ST ess e awiuesusay
Tnaanssnlull 2523 wariuynaussuMen@nanmsdune  JUensussssoaay
gasnAnuisiunnanassinasuriuedyalussnihefivimsdnmnans s weants
GUFENTT “Withdrawals™ LLazazﬁmaﬂ‘mﬁﬁﬁﬁmﬁaa;i‘luiummauﬂmmﬁﬂuﬂ
2523 \51.38N1 Enders

.. T = Decaths + Withdrawals + Enders
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AIBINUTY TIraLMIUMIANSATANTULIFNAIN Jan 1, 1950 D1 Sept 30, 1955 LAY
§1 individual records 1H@amTaieans aadingarholummalieaysn (fadannalu

T899 3, 4 WAL 5)

ﬂrﬁm
AU

(1)

Include
o
1
Exclude

(3)

myin exposures

Guéuile
(4)

ALila

) De
—~ LD

U

1w A
NYNHD 2/3/48

aania 1/7/49

Tadla 4/6/49
paNWa 11/1/54

Jan 1. [95(

11/1/54

MAHD 3/7/45
Lallerenanadia 10021756

Jan }, 1950

Sept 30, 1955

MNMadla 3/7/45
denshaalihFon o

Jan 1. 1950}

Sept 30, 1955

TAnadla 573752
ABNLNE 6/7/55

5/3/52

O/7/55

MNPND 4/1/93
fameviaialiiFon o

4/1/53

Sept 30). 1955

TIAEE 10/15/55

Janavhnudaliian o

Nada 9/1/55

aanwle 12/31/55

NaGAe 1/1/48

e 12/30/49
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4.2 Seriatim H%B Scoreboard Method

A0 observation period TN Jan 1, 1955 119 June 30, 1959 LLazﬁmum%’asﬂa@ia

Tule
w w A o A e & AAd v ) A
anan| Awwanling Tuwaaulnnag | 20480% 9
AW
1 Apr. 1., 1905 Jan 1, 1953 Dicd July 1. 1957
2 July 1, 1906 July 1. 1957 Quit Jan 1, 1959
3 Oct 1, 1906 Jan I, 19358 In service June 30, 19539
4 Jan 1, 1905 Apr 1. 1950 In service June 30, 1959
5 Apr. 1, 1907 Jan . 1959 In service Junc 30, 1959
6 Jan 1. 1905 Apr 1. 1959 Dicd June 1, 1959
7 May 1, 1905 Feb 1, 1960 Quit Jan |. 1967
Nndioyal e eTina e SeNm N (Worksheer) laidtai
AN On the risk off the risk
ﬂu,*ﬁ Group Age on Group Age off

1 Starter 49.75 Death 52.25

2 New entrant 51.00 Withdrawal 32.50

3 New cntrant 51.25 Ender 52.75

4 Starter 50.00 Ender 54.50

5 New entrant 50.75 Ender 52.25

6 New entrant 54.25 Deuth 54 .50

7 Exclude because hired atter ending date of obscrvation

Py iy o §wu A - o o &
ITFEIMIN exposure. AFARUSIY g, Glo x Dusgiduwaedwudn domu
éasahamdnimafiduariwuda  wasdahenumofieauiiaygavheniiv
BTSTWAWEN ITIRENIOTRLH UMM exposure NN g loaldaundgiuan
Balducci 11 1-tq_,, = (1-t)-q_ L& exposure dmsuageie < dsii
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53 54 55

opd 49 50 51 52
NS | 25 100 1.00 1.00
5 00 50
3 75 75
4 1.00 1.00 100 L.00 50

.25 1.00 .25

™
~J
N

99H

o
N
]
[ &
AN
A
~J
LN
3
N
<

1.00 1.25

4.3 Group Methods

“Lum'u?ﬁﬂma”mm‘mzmqﬁri”nﬁ‘umqﬁaaﬂam%\ls}iL?Jmamm'amﬁm fa
mgmaazdiemiuniell  Sedwmazdoniudamaduarmesantawiasld  woup
method 983 CXposure ﬁﬁ?u”)ﬂﬁﬁl@ﬂ group method E]WT\];S‘VLJJ}@‘Nﬁ‘Uﬂ'W CxXposure “ﬁ
fuwinkle lag Seriatim method ueifagldmannmlndideariu

- : T
AN Sadaldih 1w

2
90 = T000
5
435 7 Tono
_ oo
ds0 = T000

efiuldi Swnuaumedaduiirsasioonhdmim  exposure 0l
dwathenn  Mawuenmeduialldeadntios  aunlidonususiienwasuas
TUsnn eharin Twneumeiidunalfazdasieangndas diueoas exposure HwTIlE
Uszsnnild Feaznaniedaly

matiuwsenmeligndaniy alfitumgaandumicy o

1. Age next birthday Lﬂumiﬁmhmmu@]mmwmqwaﬁmﬁwm%ﬁa‘lﬂ

i o wndnouaumemy x fieneld dypdnciRdoummmaiudon

o 1> | 25 : - o
AUGTEINH  Age next bithday 22l o [ 1w "sz FonsdamviuTIuaL

Ix—1

25 -1
snaanany 24 U femg 25§ uavimdasadmvan o ogfidlumadiuaidin

2. Age nearest birthday {Humstunueumeamuaenlnd e dodm

1
A e @ s 2 X+ :
VAWMU TUUIUIUAUGIENH Age nearest birthday §18 b, 1 21 Fanan JhE

X - =

2
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|
| 305 ; [
URwIARIETINaYY x — 5 D98y x4 5 ey [ 0 G ey, andlu
= 129 - °
2 . )
0 30 2 uardimsaFondn o mginiueeadoie wu

b2 —

TUIBAUE T 29

1

Wdin

(o]
wn

275,30

g | —
19| —

3. Age last birthday TMATLATAIMOUSTIENE B UAAA FgaTNE Sy el

29

HY g x4+ | o ! 2 ,
Vli“ﬁﬂa (‘)‘ ' ‘WN’]H%QQ‘IH'}‘HQ%WWEﬁﬁ'ﬁ'ﬂ@aWﬂ x tNeN o x + 1 W “28
A X q q JH

lonil o, Hudmouauenasenieey 28 MU 29 uazdaIaNMAN o e a
WA
MU exposure B4 119FBITL exposure MAATMIRUTWIUALEY

T4 i’Tﬁwmumuwmﬁﬂﬁﬂ% Age nearest birthday ARPEYST exposure ﬁﬂﬁé}adﬁ‘ﬂ@ﬂ%
Age nearest birthday 678 Lagenunlénanmudndnadind AmNfianmaENTanTIie
INMIWY exposure BBAUFRLDESHANTENLNTLNOUADIATINTULIREINN  LAYIT)
gtz exposure 8 lagldndnnmeilumadsuanudsialuil da

n. azdindlaidsrans exposure qq%w%a@hawaamm

u, aEeNEETFATINMIEIINL  exposure AxdadliszaRTuA I
ntrenitdllgsingmib

A, 1 exposure MR uasdomnédsdmiuBaniiiale uems?
e cxposure Anamaiiunaiarmanndgamite maaziliindariued exposure fieh
nhemsifiuaFamasaudnngamilale

3 AFmatlznm exposure  axdpadimaindariu tinadiaenaasas i
Liazauataldomimaszanaanshaiu ueiladiwineanauda e exposure 7
IFaclgenindifaaie doiin MaBamBUssannk exposure  NAZRATINDIONINEZAIN
wazematlszndaluEasnmuasusinuily

4.4 Approximation Methods
N

| |-‘.-.-‘

(48) (49) L (s0) (s1) (52

S 49 / S 50
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fUuALY : Deaths ey Age next birthday, 8

Ix =1

Starters 516113 Age next birthday, S }X

x— |

ﬂ'iLTlW‘ﬂ'ﬁm'l unit interval ‘S"W'JNE’J']EI 49 ﬂ‘l.fﬂ?il 50 (“ﬂ"NVILL'iL\‘l'I) ?\‘l”m%\l@"ﬂ‘l’]ﬂ
sub-deck S, (LJJE'] X = 49) CREY potential contribution 1UI 1 life- -ycar el,%ﬂ'U‘D"N‘VlLLiLm
(shaded interval) WHF1MSY sub-deck S (x = 51) ¥z VLJJN potential contribution IﬁﬂU"ﬁ’Nﬂ
W3k dunn « Feilu sub-deck S, mmammwaﬂﬂu

. potential contribution GLﬂﬂU‘ﬁ’)\‘]ﬂﬂEI%‘ﬁ’NWLLiLMNW WU 0
2. potential contribution ELWﬂ'LI"IT’N‘Hﬂ@ﬁﬂﬂ‘ﬁ’NV]LL‘iL\ﬂﬁdmL‘mﬂ‘U I life-year
3. potential contribution WTLTMUT AAMBEILWNI 0 M 1

mvmuammawad btdrten T34 sub-deck Sq PHRNYNL 49 + mg, (LJJE]() <mg < 1)
I ﬂa\l@l’ﬂ 54 WJMN@L‘EHVI&NEI 49 + my, WBZNN assumption U3 Buiducu WN
=gy, = (1~ 0 g 9NWHMUIBM potential exposure luhsfusnleiegndag

msszanmilaeliisias sub-deck s, mmammaa x =1+ m muﬂmm‘lumiw
mmu m, WEe ] & ﬂ'vamﬂmmimmmm exposure htmavmammﬂmw Fravin

sLumiﬁgmLﬁmﬂm m, Wiy maamﬂiumﬁaumamiﬁum‘lﬂ‘lmm m 141ng | 5

S4() , SS(J SSI

N e N AR

(48) (49)— —(50) (51) (52)

NN me1aUszanm sub-deck s el x -

WAUIY S, ]x FalatyuanemATEwiL Range notation  WaSAEUATENWOL
1

X —

D | —

X —

S

X

i mﬁ' Hﬂiﬁ@ﬂwmu central age notation ﬁd@?’]’rﬂ&hd@ia\lﬂﬁ

TURALA - Deaths @@ULLU Age next birthday. 0 ] !

X = |

X +

T =

: Starters AALLL Age nearest birthdays, S ]

X —

N
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(48) (49)" " __X(50)

(51) (52)
848 S4‘) SS(] SS 1 S52

anehaeasduldh Mn sub-deck S, axpgaTNl 2 Furidadaru dwiugg
"ﬁLLﬁLGWLLﬁE potential contribution 14 sub-deck S, (x = 48) ey 1 lite-year a4 po-
tential contribution 14 sub-deck 3, (x = 51) AMWhiU o wazimeallszanm potential
contribution A3 sub-deck S,q U S5 167 ToeABstoluil

249
~ 4 =l
350 1 potential contribution I8 sub-deck Sy HBC 54, A8

I 301 1/ ey T 1
1(554())+Z(554c))+ Z(355())"‘”(5550)”§549+§550

& VoL

WAY S, Wiy

add
15N 2 potential contribution 198 sub-deck S 30

49

B
| & L1 0 11 ) | 3 | .
a8 )5 (580 ) ¥ 5( 35+ O(issn) =459 4 55
=)

= d' @ odda 3/ [ i [ 9 . . .
1150 3 L‘]J%’J‘ﬁ‘l’l‘l«LEJJJGL‘D'Nm Iﬂiﬂfﬁ central age assumption 7\]3‘1@1 potential  contribution

lay s T 1 (S4) + 0(Sg0) = Sgo

Sy WAL Sy

50

2

AIDUNIN 4.4.1 TNUAMNILAGIT

a1t x Starters S, | New entrant n Withdrawal W | Enders e, Deaths 6,
Age next Age nearest Age nearest Age last Age nearest
birthday birthday birthday birthday birthday

2. 80 90 16 20 3
26 50 110 20 40 4
27 70 120 34 80 7
28 90 140 40 120 10
29 100 150 50 350 12
30 120 160 60 400 14
N 510 770 220 1.010 50
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VINGNTNALAUIAT death AAULY Age nearest birthday FIB8udm AnWoLLY

N [ —
l....l\

. [ x + & e 2/ o @ . & |
Range notation 16i{lu exJ AsFasEfmdniduiasdiuiuaiomite lay
X —
2

v Py v L a ) | A
Twuauenazdaal iALa unit intervals 619 diagram §ial1

4 7 10 12 14

WAZIBEY diagram WEAILEEII

80 50 70 90 100 120

’ 9|0 | 110 ‘ E?U | 140 l 150 I 160 I
1 | | | | !
Ag — — 3 =
S N I A I

16 20 34 40 50 &)
3 4 7 10 12 14
20 40 80 120 350) 400

|
o ' | " A X+ 3
WRELNENINTNAWIL exposure THudasdlel loof £ unu Ex] 2
! T2
X + 7y & @ BV 1 (¥ ]
way o, | 7 datiu danamuefildandudanusmyeasey x - 5
x =3
B i
X+ =
2
6, ] )
. 2
X3 X+ 3
e
X732
Y x4+l o & x+ 1 2 2
weith o, I EJ fan azlel
’ X X
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¥ e A
VD AIUDNA subscript T q ﬂu‘lﬁ/mﬂ fower limit W83 6, N98 E_ WU range notation

Hx

Ue -1 7

4.5 Writing Formulas by Routine

(p =1 — f) fhathaau m
. 3

tx =1 Sx + Z

I

", px =10 Sx + 4_1

ST 452

AN Exposure RVl Single interval Fenleerail

E

X

e,

= Q‘
Wae f factors Wndnysedndoas linear compound
masafinsuasdaugaanaimwmdanasasindduaaulumsvheisii

x—1
py
Z=a

(S+N-W-E-#8),
f, T lincar compound U8 sub-decks V95 b 21y x

I,

+ It

4.5.1 The initial value formula

W a2 Wuangditiesfiganngasees B 1azle

E

i

a—1
>

L = — ©

f

q

jZ + fil.

4.5.2 The continuous formula
1 p s function Alefan 1, latunuusiag f factor 6178 complement Y0334

I'lx—

n —
X

o azler

— O.e, — 0.0,

— 1.8
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£ 3 2y
m%mu‘lmw
I = T+ Py
AN Single interval formula agler

X

Ex+l:Z:>'_w]L+tx+l
A

I

. xo b :
E‘x+I:,_>‘ jz+fx+px+tx+l

L= — %

.'Ex+l=Ex+px+fx+l

4 @ . .
g continuous formula

4.5.3 The checking Formula
T dumggegalumsdnmdenasme
Q'lﬂ-q(ﬂi Single interval W x = h + t aglér

. h .
E}1+I: _‘\“' J7+thw¥|
Z = — 20
=04+ 0

4.5.4 Interpretation

4 T E

X

laad y = lower imit Y83 unit interval 1 defined Lo N

@001 4.5.1

MUUALA deaths AaLluy Age last birthday, Starters LAY Enders @@L Age

nearest birthday, New-entrant WAZ Withdrawal fLLLL Agce last birthday Lasld o = 20),
h = 75 ALRHUGOTNDTWIEN TN DA

o

=~
I

48

. X + ]; X + I; X+
I. Categories © S} n, - w.o- ¢y 0,
: : : <
. ! l
2. [Hfactors @ 1 - 3 1 0
3 ", . 1 |
3. pfactors . 0 5 5 0 !
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4. Formula

.. . , , . ' 1 1 ‘
\ x Sy - F = ) — _ - e
Single interval E = = 1, + ( S + 5N —Fw-—c¢ )x
nitial value i ( N -—sw—e 0
onti ) B —E L I o, ] i |
Continuous cE ) TE Alsn—s5w—=0] | S+5n-5w—¢
i - Ix \ =~ - x + |

Checking tE =0

(-}‘(
Interpretation tq, = E-

Aoy

51
4.6 Tabulation 1Agl% Calendar Age
Ma¥i1 Calendar Age “Iflﬂﬁmﬂﬁj(ﬂ’i
Calendar age = Calendar ycar of event — Calendar year of birth

= CYE - CYB

‘?N Calendar age 113U Starters, new entrants, withdrawals enders W82 deaths el
Fath
Calendar age 1431 Starters

1. ﬁﬂﬁ Starting date LflGJH Jan 1, 1950 ﬁaﬁu Starters ﬁLﬁ@ﬂ.uﬂ 1900 i]:ﬁfl citlendar

age ST

i

1950 — 1900
=50
FaFaqudn Surters nantardegerszwinnss fesodl datwmaslen

Calendar age 50 ﬁﬁaa]qmaﬁmﬁmﬂ%’wia'lﬁ (Age next birthday) HULBI LazREn
49
5)

Calcndar age

as 1Y € 1 4 N o O o o [ X = 2o X
dnsmetinens s 2 dmsuduudneovh o hifde s| 7 2 deugluuuldniaiy

Jan }. CYB Dec 31, CYB Jan 1’ 1950
arting date
FNNEREEREN | Starting date
7 1T7TTTTTT]
CYB
™ s
T
X

S, 1 x = 1950 — CYB
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1
i X - X-;

% , ! @ « & -
2. s Starting date LABUIIMN Jan 1, 1950 Tidlu Apr 1. 1950 #%U Starters 9
fielull 1900 a8l Calendar year of birth (CYB) i 1900 #agi

Jan 1. CYB chc 31. CYB szll. 1950
l 2
4 4 4
! AL 777 I
I /r’//// I
CYB Apr 1. 1900
Apr 1, 1900

S, 1 x = 1950 - CYB

WaygIgelevihiy x + }1

waganaeaald vy x + % —l=x-

EERRSN]

X + X — —

=5

X

awld s

by —

NIRRT

- Starters NHUUALHDEIEWIN 49.25 T3 5025 Fodawdudtyydnu

0.25 & Y s A o
Sep | wiaduulugil Range notation 161flu $975 wdpluguiia o lufde
T 4925 ¥ B
1
L
S
3. W Starting date BoUaIN Jan 1. 1950 1w Oct 1. 1950 F5 cvB w1900
siagU
Jan I, CYB Dec 31. CYB Jan 1. 1950 Dec 31. 1950
’ ] ‘ f | |
Wvesssia —
\—V-_’ N
3 | ;
: 3 3 3 Ot 1. 1950
Oct 1. CYB 4
. S.rx = 1950 — CYB
\19/ I ar 3
moggegalaviy x +
wazmgengalawhiy x + % —l=x- %
50
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v
azlel s,

. Starters NENfAzdlayTEnIg 4975 D9 5075 U Fadieowludyydnwo

50.75 A A 2 < & A o e X
Sso | o, Windipulug Range notation 1diflu s wiodengui o Tuleieiai
- 9.75 3
|
X + 7
Ty
sx

4. Tl Starting date BowaN Jan 1. 1950 Thflu Dec 31, 1950 Fag1l

Jan 1, CYB Dec 31, CYB Jan 1, 1950  Dec 31, 1950

CYB
|/////J | l'
V777771 I I

St x = 1950 — CYB
WEFFalANAY x + 1
mgangalavihiu x + 1 — 1 = x

o | —

”\l 2 x+1 . x+
wld s | 7 <8
. Starters NANUILHMY TN 50 09 51T F9a159770 Age last birthday WALLT)

o (4

A e 51 A B <y < @
VBT Y AN BTN WY SS“LO n3ofonidu range notation 16T $¥> a4

+

20—

1ufAde sxx

Calendar age d115Y Enders
FAITMIVMANBY Starters

Uniformity 554119 Starters (182 Enders

A observation period FHAN Jan 1, 1950 T4 Dec 31, 1955 1TIRE0@71 observation
period an

) Lﬁﬂdﬁ%‘ﬂad Dec 31, 1949 T4 Dee 31. 1955 w38

2) A3 Jan 1. 1950 TE93909 Jan 1. 1956
Calendar age @113 Deaths

wlefan

8, © x = calendar year of death-calendar year of birth = CYD — CYB
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A . ) oA 51 <&
<. Sub-deck b, wheNWmMAUsHETNDE 49 D511l A 950]40 3Uvn 9
A + 1
lda e | "

=1
x.ci A & a A A da v oA w - 1
logh x + 1 Aemyfannfidge mPeauiiieduliudllmedamed] dm x - 1
femgitianfige GsRanuiifiodmetuilumedud deg)

CYB CYD
Ly r7777] | v 7777 /]
ll/l///l |/I///I’

J
X
|
x + 1 Xty
HX]X—IW(—)X

ha [ —

WA diagram @fﬂ@lﬂtﬂ‘ﬁ

- 1950 -

calendar age

(x — 1) 818 49 waf

49

el

(x) B 50 WO

1
50 3 -

(x + 1) 218 51 Wad

N diagram EWhdTwMAuMBsEivey 491 e sod whiudmou -

TRINUIUAUMY 6, fﬁwﬁaLlJ'%'ﬂuLﬁﬂuﬁ’uﬁwmuﬂu@]m‘szwdwmq 49 0N 4921LLa3 sozli"m 51

CERI E TR I SR A SR TR 49% QN 5()% fwamahnnhdhwinauee

Tu 2 adsnarann sinhilumaii@edaissnn o, 1oeld central death assumption

Do [

= ; 5”% A a < A X +
W 6, | 2 wiadeulugin o 1U@a o ]
< ¢ U X by o

2

=
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Calendar age @1H51 withdrawals
wlean

W_ : x = calendar year of withdrawal = calendar year of birth = CYW = CYB

X

12 1=

aa o < & v X+
mafamdauad deaths F3eld WX}
.

[SSAE g

v oA & i v X

MWL central age notation a):?l,m W
Calendar age MU new entrants

wileian

n, : x = Calendar year of new cntrnnt = calendar year of birth = CYN-CYB

TRAAMAEuTEY deaths B9zl nx] wazialszanodonld  central death

X
) \1 o x—1
assumption ACLE

ro | —

-

wazi@auidle Central age notation "LG?TL{IH n
4.7 Insuring Ages

USHvaaAnmefisatseiu (issue age) LamaneAtaasialiil

. el%léﬂiﬁmﬁ@ﬂ%@a‘lﬂ (age next birthdav) %\ﬁ%ﬁﬁﬂﬂﬂ%ﬁ/ﬂ Industrial Insurance

. Sl,%mqﬂné""iwﬁm (age nearest birthday) %ﬁ%ﬁﬁmﬂ%’ﬁu Ordinary Insurance

f, qumaﬁmﬁﬂﬂ%ijﬂﬁm (age last birthday) 369052l Ordinary
Insurance

uagendafima  Lahusimesdemgnsanlseiulaeds mafion - v3Enarien
molseriudiog x luwinandaedu (exact insuring age ) Tapazdoiriuandseinln
5mﬁﬂﬁamﬁ°ﬂaaﬁ§gmllisﬁu (hypothetical brithday) §18819191 NNTaNAAIITIa60
o

TN Tudaseiul nguusidniy e | TWedNNE
mynaaENe Sutlseniu| Ausemdseii
TuGatlseiin Aol

FrHS 920 Eeb 1S, 160 | Ape nexi birthday 41 Feb 15, 1919

Frrs—to2dkeb (5 1ua0 | Age ncdrest birthday 40 FFeb 15, 1920

Tan 15, 1920} Jan 10, 1961 Age last birthday 40 Jan 10, 1921
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o A VLDI €Lv . . qu o ¢ 1% = | A
DHTIHIUEVANSA LAY tnsuring age TLELRNHIWTUGE g . W38 g win
: X

[ |—

I &,

Hudin Fansmansndulidu o oflu o) ldddhatsialyi
|
g

X —

M
X+

I f—

W x W age next birthday 8 AuiGaiseriu FawannGulssiuaty x

T {—

o

arfloyuiaiolssanm x - 5 eeuaglseing x -5 aslassinmhiueei

o —

L
2

v a A 2 I .
wiade x — 1 aealel ¢ =4,
. .

|
2
aaflén

o & 1 4 , . o U VP
1. F NI q, bHB x v4b age next birthday R]SNE]'?F.J‘V]LLVIQ’NU‘?SWM X =

I —

i A < . L5 A v o o
q) W8 x W age nearest birthday JENDYNUVITIUILI x
i A [ ; A A v oa o 1
g} WD x W age last birthday EHOYVUNITIUTLID x + 5

#9 diagram malﬂﬁ

R | x
q 4 1
“CY‘\ x — 1 x—2
nearest 1
! -Rr|*T2. R
qx q ]’q)\
- /""S[ X—E
R x+|_ R
q l =9 I
1x ¥+;

2. mu q: o o x Du age next birthday QEﬁﬂWEjﬁLLﬁQ%Gﬂ?SNTN X *Z)}

A @ = P a
qy_, W@ x 1w age nearest birthday deiimefiuviaiatisrann x

A @, al a0 v oA a
Ay W8 x WK age last birthday zlaepuviaieuSanm x - %
Dew diagram LaRLGRI
R } X - - R]"‘ bR
Thaon-T Y 1,2
aett )
1 !
i nearest R R N N
Ux -1 - ( T 3 ol
l('l.;'( X—I)—z X_z
R (x— 1)+ I R X ,
] =9 } =gk !
(x-1) x— 1 X=3
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o e I A & . - A 2 oA
3. @I g WHD X 4 age next birthday %qummawﬂ‘izmm x — 1
x —

, 2 .
q' | 9 x 1w age nearest birthday AHDAUNIIILUSZINL X — %
:\[ 2 A Cay . vd A & A
g' | B x WK age Jast birthday AzdManNUNIINUIEINIL X

[

ux ) ] 1
M4 diagram galilii

I3 |

LRV

o |—

1=
*

(2 o=

4 @msuU g | e x 1w age next birthday AwimanuviasalTranm x
£+ 3 :
[ A e . A A v oA
q i@ x 1 age nearest birthday QZZJBW&!WLLT’]Q‘NU’?SMM X+
X+

[SSEE
b —

ql, | W8 x 11 age last birthday EHMEALYATIVTTIN x + |
Weu diagram Landlaieail

*\
&
(x+l)+l-
I ncarest R 2/ R xtlb. g
9.1 - 1y 1 . el
T3 ya x+2 T2 ‘ 2
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1. SEHE AWM IANMSATINTMESNDIN 1954 11 1957 azL@Nwwmq@iaiﬂﬁiﬁﬁugifﬁ

Policy Number

. Exposure
Data Include or Exclude Mecasurement
' Begin * Ceases

[ O]

oW

5.

Issued 3-1-48 Still in force
Issued 4-1-49 Died 3-1-54
Issued 2-1-50 Lapsed 2-1-53
Issued 4-1-49 Lapsed 10-158

tssucd 3-1-57 Still in force

o €
2. WAAUTLLAVIEMS (Starters. new entrants. withdrawals, enders WaE deaths) FL‘HIQ‘YIEI

g8 (1)

-

° 1 o % [
3. AIFAWI exposure TRILARETIEMIIMsAnwdmILlandda (1)

4. mﬂ?ﬂ'aaiaﬁﬁmmslﬁﬁwia‘lﬂﬁ

1o Jan 1. 1960 SeuddFieagdnanlidanadod

o

N 1600 AL ey 50% Wad

U 1600 6% iy so% WO

NS

ek 1500 au danlAdananony so wad Wa April 1. 1960

3. flan 1300 au Whanlddanediony so wad da Oct 1. 1960
4 iﬂiﬁi@]‘ﬁL%Nﬂ,ﬁﬁdLﬂ@lﬁﬂLLEﬁLLﬂﬂﬂﬁ@iﬂ@aﬂ\lﬁMﬂm‘iﬁd AFWBANAINTNTENE

5. TEHEOAMWMIFANMAANNIMLENIIN Jan 1, 1960 D9 Dec 31, 1960

A A 1A 1 2 1A 3
6. 81 1,200 A wanagfiany 50 ; uazmAoagfiany 503

i

o A A A oA 3 I e LAY My g & .
7. faflewmBeaginthefiany 514 uar 513 uswuanmaisladlddudedery

2/ §
Tumaudilymlanddai
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8. Tusgwitiinsnsssallull 1960 Smamauemeszwinmy so uay 51 whiu soo
nndoyatiediuit meanTndun diagram waaaledig

Jan 1, 1960 Dec 31, 1960

! on off

1
|
Exact age 50 | 1500 1300 2800 50

\ T 1600 —3— 1200
1600
1600
\ 1600 —t— 1200

e 51
Exact age 51 (51)

|
|
|
I
WM g

5.0) AN dingram TUGIaEIT 441 TIVTEIMNT exposure WALHATIH TS WI 0N
‘VW%;\?LEEJEJH subscript 183 g 618l
) aufisdoamnalFanysth ~Subsipt 983 ¢ A allani_ WA unit interval ...
A Gluﬂgi,ﬁadéfwiaimi
Net exposure = Potential units-Cancelled units

L, dsnsanfnsladdialyi
oy =

Sps t Ny = Wog —oag = g + Sy 04y = Wo = ey 0y 8ys

25

2
fgy = Woy =Ty = Oy 1 005y 1 g — )W, U e,0 = 1 )y

aadnealwaduimely e ol

3. 399 (¢) daavifluduysedndas S, 1 EuNT 1 factor §AU Starter
Gadpsruznmfminngnnged s, WNaulReEaEugnL 49 defined log

0., YWaReRiW dalseanivad Ny SEAT 1 fuctor FATY new entrants

. 1
e ' ' o s X iy
DEINNNUIITW 1 factor DEITIHM IS =) 18 *) ndydnuas S 2

1

5

N

.nl.
X

A
Wae o,

X -

o=

X +
X
X

wl e vitldad1als wazanfudiadiutesidslus

Sl

- 6 i . - 2 % \ )
Taaysnh  dadmauewmammalinumenanaosusar it interval 6199
1™ factor §MMU deaths %ﬁ@hmﬁu_.“.ui@mﬁﬂmﬁ
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3. dywydnwo § adnalddmaaumysalyil
szsx—l—nwax-ex-Hx
=@ +n—-w-c¢-98),
dhpydael f, ADKALINTBINGH S, n,, w . e WAL 6 %@wamjmz weighted 1@t
f factor 98480 Fathaguluda (@) fry ALAMWNALLITIRgAN 8T
uay K, maniodoualugisalyil
E

L A

aadushiavlmaiuiiials

A WdsuaamIdmiv g, lodlduuumude (a) LLaza%maammiﬁ?ﬂﬁaqsLu
snsuviasalaslddyudnud § uaz ¢

7. 20dEu By, loeld form $a (a) uazefuasmsiilioglugnseiade

6. M E = 2

dia f = s, + (3~ (2w, = e, - o,

iR
WA

AN worksheet AU LT G374

Tabulated X — 1
Age x Sx n, w, e, b, Ik ] i . I, fx Ex
(N (2) (3) (4) {5) (6) ' (7) {(8) (9)

25 80 90 16 20 3 131 — 117 117
26 50 110 20 H) 4 131
27 70 120 34 80 7 -
28 9xN) 140 40) 120 10
29 100 150 50 350 12
30 120 160 60 400 14

Total

EWIT exposure LAFNIUTBITNT8Y worksheet TAMUALE
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7. lumsdnmdanuame omMIa 5 AALUY Age Tast birthdays

N) AW f factor VDIUFATNEMNT amﬁdmﬁmmﬁuﬁ@@mmwﬁw
) WU 1,

f) tldgengeaiin a = 20 oggedan h =24 audan k&,
9) aadeu E,, Waglusunssvine

) WY E,, Wayluginssvinia

+

[ | =

B
b3
| —
)
gl
T
A

° N 2 X 9
8 fnuali s 2.n

WAEUGAT E,

9. UM AATINIHE NG TG DU I@aLaﬂmaafjﬁlﬁamyiﬂ LA
ﬁm‘mﬁmzwu@immq

z=x—1
Age x S, n, W, e, B, Iy = I, f, E
Z =4
48 230 10 20 0 2
49 220 60 40 0 4
50 200 80 50 0 f
51 250 90 80 196 6
52 300 80 90 264 &
53 0 40 50 204 2
54 (0 40 20 262 2
55 0 0 0 294 0
| 1.200 400 350 | 1.220 30

10. (a) In the following, the word “cxact™ means that the event of entry or exit occurred on a
birthday. so that the integral tabulated age is exactly equat to the true age: in such a
case, the central age is the same as the tabulated age.

Write the formulas for each study, using the pattern of the solution above.

Basic for Tabulated Age x

Study  Staters New Entrants Withdrawals Enders Deaths
1 Last Last Last Last Last
2 Next Next Next Next Next
3 Exact Nearest Nearest Exact Last
4 Last Exact Nearest Last Ncarest
5 Next Exact Nearest Next Nearest
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(b) Given the following symbols, write the exposure formulas.

1 3 1 1
X+ 7 X+7 X+5; x+3 X+ 1
4 5 2 2
s, Y, n. .woosoe ,Hx}x
11. The function }, is defined by the equation J, = (8 + e + w — n — ), Hence. I is the
negative of - Let F, and P, be detined as the negatives of t, and p, respectively.
Prove : 7 = + o
(a) ) J, =0
=
(b) I, =F, +P,
x o0
(c) _Lw F, + ch Po=0
Z =X | 7 = + =
(d) p b+ + z I, =0
7=-= ° X g=x4+1"7
(¢) From {d) , prove that
=+ = z=x-1
by J+P = h i, + 1
s=x+1° 7 = — %

12, (a) The function 1, F, P arc useful when the exposures are computed continuously from
the highest tabulated age to the youngest (against the stream of traflic). Prove, by simple
tranformations of the tormulas derived in the text. each of the tollowing :

L= = 7 = X0
Goale tnterua] + N _
Single interval + E = T l,+ P or , i . J, —F,
Imtial value oo Eh = Ph
Continuous : EX = EX gt F\, +1 P\
Checking E,._,=0

(b) There arc two special cases, both of some practical importance, in which the f factor
arc such that the worksheets and formulas are simpliticd
(1a) Case of the Zero f Factors. Prove

- Hall the ffactor are equal to zero, so that f
vanishes for all x. then
} z=x-1
E = z*E— . LandE = E 4+
Z = >
E = zix JandE = E |+
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(2a) Case of the .5f Factors. Let E_ be the exposure computed by placing the deaths
E

X

2
by the shuttling method, E_ is the exposure associated with the force of mortality
at the mid-points of the interval. If all five categories have been to tabulated by
the same method (for example, by age last birthday) and if the deaths are placed at
the mid-points of the unit intervals. all the f factors will equal .5

at the mid-points of the respective unit intervals. Hence, E;

0. and,
X

X =
Prove : E. = , :E_ . i, + %jx or 2 " I, — %_ix
o AT 1 L3 1
and E :z=;+ lJ‘+ EJxor zix I, - EJ»‘-'
(¢) In (a) of this exercisc. the single interval formula

= X
>
X+ 1

E

X

Z

7

2
_ + P

was derived algebraically by the student. It is instructive to obtain this tormula directly
a diagram, using the basic the basic concept for computing exposures when working
against the stream of traffic .

Net Exposure = Possible units — Impossible units

For siniplicity, and without loss of gencrality, assume that
atso that the symbols are

6andh = Y . Assume

X +

Sx

X +
. n
X

X + Ix + 1

W
X

ERIAN]
B
e

1 L4
5 *s 9
X .

. L X

X
The superscripts make the situation academic. but they keep the diagram clear :

On Se Mo ‘ 5 n, ‘ S¢ ng I 5y ny ‘
(o)Lt —an

Off | Wa o | W, (5 | Wy &g ‘ Wy Gy |
A 0, Oy thy

24 A 3 . -
WM E, By (I@Eﬂ‘ﬁ’]ﬁ against the stream ol traffic)

13. A third important method is called a January 1 to December 31 study, with deaths at calendar
insuring ages as well as withdrawals.” Here also. it is convenient to think of the period as
running from a December 31 to a later December 31.

Suppuse the period runs from (midnight of) December 31, 1949 to (midmght of) December

31, 1955, The tabulating rules are :
Deaths 0 @ x = Calendar year of death-VYB
Starters S x = 1949-VYB

New entrants n, 1 x = Issue age

Withdrawals w, © x = Calendar year of withdrawal-VYDB
Enders e, @ x = 1955-VYB

ST 452
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14.

15.

16.

17

62

szoznmlumsAnmSanasussian 102500 £9315.A2504 FmImDETAS
deaths, new entrants LLAE withdrawals ‘lﬁﬁﬂﬂfl% Calendar age DEYE Starters x MU
NN x = 2500 — ViAiA UWATEIREBI enders x ATWIAAN x = 2505 - Difia fwue
el aemdeaasmy

2y x SX n, W, e, 0,
41 100 20 20 0 2

42 106 18 22 98 2

43 102 20 16 100 4

44 106 14 10 102 2

45 0 0 . 0 108 0
AN 414 72 68 408 10

a. Assuming that a mortality study deals with ordinary policics, issuc ages being based on

ag,t. nearest blrthddy tmnslatc cach of the following rates to approximate actual ages :
1 .
q"‘qx+!‘qx ‘I,\fl

2

b. Similarly if the study deals with industrial policies (age next birthday)
¢. Similarly if the study deals with ordinary policies in which issue ages have been based
on age last birthday at date of issue.

Write the single interval formula, and interpret the ratioéﬁ . assuming the five categorics
have all been tabulated according to X

1) Age last birthday

2) Age nearest birthday

3) Age next birthday

4) Calendar Age

This exercise is especially important because it illustrates the method used most frequently

by insurance compaines in the United States. In capsule form. the method is called an
dnn|vers¢1ry—t0-¢mnlver5dry study, with deaths at last insuring age and withdrawals at calendar

insuring ages.

The period of observation runs from anniversaries in 1950 to.anniversaries in 1955. The

tabulating rules are as follows :

Deaths 8, x = Year in which occurs the anniversary date preceding the date of death-

VYB

Starters S, : x = 1950-VYB

New entrants n_ : x = Issue age

Withdrawals w, : x = Calendar year of withdrawal-VYB

Enders e, x = 1955-VYB

Which three categorics arc tabulated at exact insuring ages? Write the formulas.
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