(Premium)

(Accrued Liability)

Normal Cost
(Pension Plan)

(Reserved

Service Table*

(Mortality Table)

Cost

Anderson(1985)
2

(FC t))

(Funding Method)

(Pay As You Go: PAYGO)

L
L1
1.2
13

) Z
21
22

‘ Service table

Multiple decrement table

(Individual Funding M ethod”
Unit Credit
Entry Age Normal
Individual Level Premium
(Aggregate Funding Method) !

Frozen Initial Liability

(2m), (a'D, @")

(Asset)

Normal



2
2.1
211 Unit Credit
7
Benefit: B( )) y
(B(y)
X
Unit Credit  Normal Cost
1
B Jy)d[.2)
(Present Value of Accrued Benefit)
Liability: AL)
. o o 70 D\'
AL(t)=YIBiw) a, =~ —
A D,
Bj(x) j X
A, t
D qX J 1 v
DX
( S )

B(Y)

(Accrued

(Accrued

(21.11)

Service Table



[ [+7

Al+1=AL- T-R +N
Al /
T /
[+
R [ 1+
N [ [+7
[ [+7
[ [+7
AL(t+1) =Y, Bj(x+1) a[12) Y,BI(x+1)a[l2) —i-
A Dxtl TR D+l
+ 1B J(X+1
N Dyl
(Anderson, 1965: 11)
D D D
c 2 = — (1+V+q,—2
D.x+1 B>x D x+1

AL+ 1) =TAL() + Y A bd a(l2) — 31 +i)
7 - B

S[YBI(x+1)a[.2)
T Dxtl A Dx+1

11D

Y B XDl ry py(Xta ks
R Dxtl N Dxtl

An’ j
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(2.1.1.2) 2
1 (D
Fund Balance AL(t)
AL+ ) AB J(x +1) ag2)— —
R Dx+l
(2.1.1.2)
NC(t) = af2)— =Y NCj(t) (2.1.13)
A Dx A
Fund Balance t+ 1
Normal Cost Normal cost
Normal Cost t t+ 1
t
Fund Balance t F(t)
AL(Y)
t+1
Ft+1)=F(t)+1+C-P (2.1.1.4)
|
C
P
(Accrued Liability) Fund Balance t
(AL(t)- F(t)) “Unfunded Accrued Liability” “Unfunded”

(Surplus)



1

UAL(t+ 1) S UAL(t)(I +i)-[1-iF(t)] +IMY t)(1+i)-¢c

-tiy
T D x+1 Al D x+1
S B I(X 1) K I2)h - pj o+ YL B(x+1) a[l2)
R Dx+1 N D x+l
Normal Cost
Ic 1 /
Ip
(2.1.1.4)

Ft+]) = (F+1)F(t)+1-iF(t)-lctlp+ C+lc-P-Ip
Unfunded Accrued Liability t+1{ AL(t+])

UAL(t+ 1) =AL(t+ D)—F(t+1])
SUAL()(E+0) - [F-0F(t) - tc+Ip]- [ C+lc- NC(t)(I +1)]

CTBi(x+1) a[>——- X<TiB'(x+ Na[,>——J
[N (x tl)dg2)— P -Ip]
R D x+1
+ YjBI(x+1) d[12)—— (2.1.15)
N Bx+1
(2.1.15) i
4.5 6 2:iF (t)=1 Ic = Ip 4
5!



(2.1.1.5) ( 2, 4,
) Actuarial Gain
Gain = (UAL(t) + NC(t))(L +i) - ¢ - Ic-UAL(t + 1)
3 (2.1.15) Unfunded
Normal Cost
Normal Cost Amortize
2.12 Entry Age Normal (EAN)
Unit Credit
Normal Cost  Actuarial Gain
Normal Cost
Normal Cost
Age Normal
Unit Credit
Entry Age Normal Normal Cost
Benefit
Normal
NCj— —m— =BJ(y) a[n> —
NC(t) = YjNcJ = (y) Uy 2)=mmemomeeme
Al Al
NCJ Normal Cost j
D A .
it : Sci-vice Table

Nw-N

5

12

(2.1.1.6)

Unfunded

Fund Balance

Entry

Entry Age

(2.1.2.1)

2122)
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f Entry Age Normal Unit
Credit Normal Cost | I\ior_mal CosE
Normal Cost ' ' Exponential
Normal Cost (Project Benefit) BJy)
B'(y) Normal Cost
Normal Cost
o NN, mWAN N
AL(t) = w~ I = (y) 4 Dy Nu- Ny
(21.23)
Normal Cost
ALj(1) j te x)
AL( t) =+]ald( i+ 1
Al
(YiALI(t+ 1)=0) At I N =AlrlA 141
N
AL(t+ 1) = (t+1)- YALIt+1]+Y Ali(t+1)
TR
( 2123))

a(12) Dr Nw-N +
D,+1 NK~N,

ALJt+1)=BJy t+ I)

By, t) J
I BYY, t)

BJ(1) )
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Bj(y, t+1) ?
Abj
7 7 L(Abj=B Iy t+1)-BYy 7)

AL(t+ 1) Z[AL() #NC(O)](I +i) + A.JY\MLA i *y12) B;-;-!-,-----N—~_N—y
FMIgKal (t+1)- AL (t+1) (21.24)
Al T+R
AL (t+1) L%
?(BY)

Unfunded Accrued Liability

UAL(t+ 1) = UAL(t)(L + i) -[1-0F (t)- Ic+ Ip]

S[CH10-NC()(I= )]+ x AbJa[2)-"- N" ~ N*+l

AGAkY ¥ ANy
SCLAL (t+n-J.g.AL (t+nj-fAAL (t+1)-P-1p] (21.2.5)
T A 1 R
(2.1.2.5) 2, 4,5 6 4
(2.1.1.5)
Gain = (UAL(t) + NC(t))(L +1i)- ¢ -10- UAL(t+1) (2.1.1.6)
Actuarial Gain Unit Credit

Unfunded Normal Cost
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(UAL(t)+ NC(t))(1+1) - (C +Ic)

Expected Unfunded Accrued Liability Actuarial Gain Expected
Unfunded Unfunded
Beneflt Entry
s J(t) J te X
J( t ) A~ X+ g g
X

(Salary Scale)

Normal Cost Entry Age Nonnal

Jt) X( 1 Jt)
Normal Cost J { ‘]( t))
WY - yyosj(osn 1a t-
(2.1.2.6)
)
Dx= sIDx X - YjisSDz
(2.1.2.6) Normal Cost X t

Nonnal Cost {11)
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NCj(t) = Xt} X1)

D.
=Bj(t)a(,:) D X (2.1.2.7)
i(t) ()Dy’ o,
Normal Cost NC(t) =x NCJ(t)
Al
Entry Age Normal (2.1.2.3)
| _ f A
AL = 208h(nyat 2% Ve o M
At A D x
(2.1.2.8)
I el /\
(2.1.2.4) (Anderson. 1985: 20)
] SN, —SN
SX+, X « \ -[- X .4 1](1 + |) ; ngX'l']. X+| y
X+ X SDr)(-l-+|l

4
AL+ 1) = [AL(R#NC(O](+i) +x x AL (t+1) +x » haft ) DY
X+
X+ SNx+1"8\|y
DL sN1.-N1 1
-H alo +d (2.1.2.9)
T+R
UAL{t+ 1) = AL(t+ - F(t+ )

UAL(O( +1)- [c +lc- NCqL+1)] - [1-iF "~Tc+1p]

le ° X

AnAt voxa DL SNW- NV sw Xt



7

[Yjal (t+i0)-TAAL (t+1)]

~[YjAL (t+0-P-IpJ (21210)

R

(2.1.2.10) 3,4 .5 6
(2.1.15)  (2.1.2.5)

(Unit Credit Entry Age Normal )
Unfunded Accrued Liability Fund Balance AL(1)
2,4,5 6 (2.1.1.5))
2,4,5 6 (2.1.2.5)) 3, 4,
5.6 ( (2.1.1.10))
Actuarial Gain
Gain = (UAL(t) +NC(t))(L +1)- c- lc- UAL(t+ 1) (2.1.1.6)
t t+ 1 Normal Cost Amortization Unfunded Accrued
Liability Amortization Gain ( )
Normal Cost
Normal Cost
2.13 Individual Level Premium (ILP)
(hort run)
Individual Level Premium
Normal Cost

Level Premium
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, Unfunded Accrued Liability

Normal Cost Entry Age Normal

Normal Cost X

Benefit Normal Cost

NCXt)N' N> =BJy, t)a

=B | 12) - - — L1
NCJt)=B j(y, t)a[IZ)NX_NV Ll

Normal Cost Normal Cost ?=10

NC\K].):NC\KO)‘I'Abj(l)a ,2 ) e L

=NCJ0)}+ AnC'(I) IBEM

Ab'(l):B\xl)'Bj(O) ( )
ALj(0) = 0

(t=0) (=7

Normal Cost



ALj(l) = [Bj(0) + ABj(N]'d[12) - JL-

D,+1
B (0)2 -----D-X----+A%"J(1') ........ 12) Dy 7 Nx+, ~ Ny
Nx-N v Nx+j - Nv D x+.
=[BJO0)+ ABj()]d[,2) —— ~[NCJ0) +AnCJ(1)] Nx+1- Ny
D+l Dyl
= [ALJ0)+ NCJ0)] — — (2.1.3.3)
D,+1
t
t+1  t>0
ALj(t+ 1) =[ALJt) +NCJt)] ° x# (2.1.3.4)
D :x+t+1
NCJt) =NCj(0)+ANCi(l)+ .. +ANCXt)
ANCJ(t) = Ab Jt)a (2>
NxH - Ny
AL(t) =Y ALL(t) ALt + 1) ( Lp
A
(IV) Actuarial Gain Entry Age Normal
Normal Cost t+1)
AL(t+1) =Y ABI(t+1)
A
Y [d ()+NCI()] - A — Y Aft+])
A, D x+1+1 T+R
SIAL) ANCOJ(+1)- (Y A (t+*)-  +ALI(t+1)]
T A :
-Y AB(t+1) (2.1.3.5)

R
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(2.1.2.5)

UAL(E+ 1) = UAL()(I +i) - [1-iF(t) - Ic+IP- [C +1c-NC(t)(1 + )]
TEJAL(E+1)- x+AL (t+1)

T Al
- [Y ALJ(t+1)-P -1pd (2.1.3.6)
R
(2.1.3.6) 2.4 5
(2.1.1.5) (2.1.2.5) Entry Age Normal
Actuarial Gain (2.1.1.6)
Benefit
( Entry Age Normal ) Normal Cost
(t=0) ( (2.1.2.7))
NCJ0)=B'(0)a[l2) = ——— — — (2.1.3.7)
10)=B'0)a] )D E—
-Ix
Nornial Cost Normal Cost (Natural Increase)
(Salary Scale)
ANCJL) = Ab j(1) 8(12) ~rmroorroe - — (2.1.3.8)
Dx4|1 5inl’-s\ly
NCJ1) = NCJ0) + AnCj(1) (2.1.3.9)

X



« -

. Nyyl- N
AL()=pa0pasaf? Y e geL sanci Do
Xt| X+l
= [ALj(0) + NCJO] - (2.13.0)
X+|
(21.34)
ILP Entry Age
Normal (Entry Age)
(Age at the Effective Date)
ILP Actuarial Gain
Normal Cost Entry Age Nonnal Gain
Amortized Gain
Unfunded Accmed Liability
2.2
22.1 Frozen Initial Liability (Attained Age Normal ~ Frozen Entry Age)
Normal Cost ~ Amortization  Initial Unfunded Actuarial Gain
(2.1.1.6) Gain Unfunded
Accrued Liability
Benefit Entry Age Normal
Unit Credit
Nonnal Cost Frozen Initial Liability(FIL)

AL(t) =YJALj ()= Y PVFBj(t)-PVENC(1) (22.1.1)



PVFBJ(t)
Value of Future Benefit)

PVENC (1) Normal Cost
Normal Cost)

PVFB J t)
FIL
(22.11)
PVENC(t)= ~jPVFBj(t)-AL(t)
A
PVENC
Normal Cost
PVENC Jt) = Neg 1) VA~ NY
NXx—Nr
PVENC(t) =T ncJ(0
NCJt) = — NC(t) ( Normal Cost
1, I

Normal Cost t

PVENC(t) =NC(t) = Y, -
"t A D x

22

j (Present

t (Present Value of Future

(2.2.1.2)

PVENC

(2.2.1.3)

(2.2.1.4)



(2.2.12)  (2.2.1.4)

f
YiPVFBJ(1)- AL(t)
PVENC(t
NC() =y X_(I\i 4 _— (2.2.15)
"1 A, D.
(2.2.1.5)
(1) = -NC (1) (2.2.16)
n,
YjPVFBL(t)- AL(t)
de  Ut) = < Y, (ﬁwﬁanénﬂyﬁﬂm M120UD9 Normal Cost)
Z X y
4, D
AL(t)
AL( 1) Unfunded Accnied Liability (
(2.1.2.11))
AL(t+1)- F(t+ 1) =[AL(t)-F(O)+NC(D)](1+ i)-C -Ic-Gain
Gain PVFBJt) =
Bj(t) a[>—  PVFB(Y) = YjPVFBJ(1) PVENC toM-7

D 1

X 4,

v
a v @ dJdo 1 -
SJﬂ’JHJﬁiJWU‘ﬁﬂdﬂuﬂ]iﬂﬂlhju

PVENC(t+ 1) = » PVFB7(t+1)- AL(t+ 1)
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- PVFB(1)(I +i) - [» PVFB (t+1)-Y j<IXPVFB (t+1)]

T Al
Dy
Y pVFB (t+1)+ Y A bJa[2)
« A Dx+,
+ XV ug2>— ~ALO+V (2.2.1.7)
N Dx+l
Abj j t t+1

" Nx-H -N NN
DA 1 (1+0
A+l "+l my D J

N L 1N + ~
8 e Ny, 2219
T IX'I']. X+ 1
(2.2.1.7) (2.2.1.8)
N(t) + AN
(t+1) = \SE=—= (2.2.1.9)
D(t) + AD
N(t) Numerator t
D(t) Denominator t
An Numerator
Ad Denominator
+
é/ g _N +—| — AAn —Ad) (2.2.1.10)
D+Ad d d+Ad d

(2.2.1.7), (2.2.1.8)  (2.2.1.10) (t) (t+ 1)
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t+)= (1) N ooy ([FIF () -Te+ Ip]
T

A+l AxHl
(7 PVFB (t+1)— ()N IO
Vv uxtl y
f
opvrs (11— (1) VL NY
AV D x+1
- [ by >~~~]+[YjPVFB (t+1)-P -1p]
AnAl+L Ax+1 I
A D N,,-N~” .
.7 Bla 2 =M (1) Xy -Gain} (2.2.1.11)
NV X+ 1 )ﬂ'l y
(2.2.1.11)
(2.1.15)  (2.1.2.5) (1) Level Normal Cost
(22.1.6) f  Gain 4
UAL(t+ 1) =[UAL()+NC(t)](I +1)-C -Ic (2.2.1.12)
UAL t o tl
UAL(O) UAL FIL
UAL(O) Entry Age Nonnal
Normal Cost
4
1) UAL(t) (2.2.1.9)
2) F(t)  UAL(Y) (1)
3) PVFB(t) = Bj(t) a[,2) - PVFY(t) = » ] — e -

A, N>x Al N X

Present Value of Future Work's Year

4) Nonnal Cost



NC(t) _ PVFB(t) —i(t)—UAL(t)
PVEY(t)
Initial Unfunded (UAL(0)) Unit Credit
Entry Age Normal Attained Age Nonnal
Benefit
(1)
Cost ( (2.1.27)

( PVFENC()
Ve o MR
J, D' J
PVFB(t) —F (t) —UAL(t)
PVES(t) b4
PVFS(t)
Future Salary at Time t) (1) (t+1)
1 .
Uit+ 1) = (t)- v {[I-iF(t)-Tc+1pd
PVFS(t+ 1) |
( ~ Y ~ X
t £ PVFB (t+1)— (PVFS (t+1)
TV J
f j \

PVFB (t+1)— (JPVFS (t+1) ]
v

26

(22113)

Nonnal

(22.1.14)

(22.1.15)

t (Present Value of
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+[YjPVFB (t+1)-P -1F
R

+] Y fPVFB (t+1)~ ()PVFS (t+1)
At (VA4 A N
2 (pVFBj(t+1)- (O)PVFSj(t+1)]

ANnAH

+[-Y [pVFBI(t+1)~U(t)PVFSj(t+1))]} (2.2.1.16)
N

PVFB (t+1) i+l Ab =0
-] SN X+1- NV
PVFS' (t+1) =SU(t)-J# L —e—mroeem L

SN X+l- SN V
PVFSj(t+ 1)z '(t+ 1)mmme— romeemes

Normal Cost (t=10) Entry Age Normal
(2137

NC(0) =Y BI(°)'dy 2j~~
Ao Py N - &,

PVEBWJ(0)

. 22117
f PVESWI(0) (22141

PVFB j(t)= Bj(t)a[,2>5

Xy
PVFSW )= j(t) —

Aggregate Entry Age Normal



YjPVFBWI(0)
NC(0) = —ereeeeeeees 3151 (0)= (0) VS (%)
Y pVFSWI(0) £ &

Ao

Y PVFBWJ(0)

0)=1 ——-r T
Y IPVPSW] (0)

AL(O) = Y jPVFB(0)-NC (0)---=--mm--

M DX
=Y pyFBJI(°)- (0)*PVFESJI(0)
Ao Ao
(22.1.16) (0)

Y pvFBJI(0)- AL(O)
0)= A e e
YIPVES] (0)
Al

NC) = (00 1(0)
Al
Y PVFB] (0)- UAL(0)- F(0)
Ao o
Y b PFSJ(0) (%)
A

ILP
Aggregate Entry Age Normal (22.1.18)
t

28

(22.1.18)

(221.19)

(221.20)

(22.1.20)
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FIL  AAN
Normal Cost Amortization  Initial Unfunded Accrued Liability

Actuarial Gain

2.2.2
Normal Cost Amortization ~ Gain ~ Initial Unfunded
Frozen Initial Liability Unfunded accrued liability
Expected unfunded Gain
Unfuncled
Benefit
UAL(t)= 0 .
AL(t)=F(1) (22.2.1)
FIL AAN ( (2.2.16))
Normal cost ( (1)

AL(Y)

AL(t)=F(t)=Y PVFbI (O -U(t)Yi x —~y (22.2.2)
At At



PVFB(1)-F (1)

()= ommmmmmem =reneee 4 (22.23)
PVFY(t)
PVFY(t)zYN— -
Benefit
y = LEBLEW NC(t) = ()21 J(t) (2.2.24)
PVFS(t) i
NX NV
PVFS(t) = | (t) — ;=

(22.L7) PVENC(t + 1)
PVENC(t)

PVENC(t+1) =PVFB(t+ 1)- F(t+1) =PVENC(t)(L +i)- [ C +1¢]

“[1- E(t)-1¢ +1pJ-fY ,PVEB (t+1)-P -IP]
R

+ Yy ~» JU[lZ)—“ +Y pvfibJl(t+ 1I)
ATFAAR FX# N
reb r< j
- [YjPVFB (t+1)-Y dgx PVFB (t+1)J (2.2.2.5)
T A



3l

N 1- SN
PVES(t+ 1) = 7 SI(t+])

At+l Dx+l

v

= [PVES()- YSj(0J(1+0 + YVXPVES (*+1)- Y PWS (t+1
A( AL T+R
f \
7 PVFS(t) —PVFS (t+1) *yjpvesi(t+1) (2.22.6)
A rVAt+ 1N J N

w1ty “Covered Payroll”

Al
() (t*]
(1) PVFB(t+ 1) —F(t+1)
PVFS(t+ 1)
(t)~ : 1 {[I-iF(t)-1c + 1p]
PVFS(t+1)
f \
+[C +1c-NC(t)(I +i)J +fY PVFB (t+1)— (t)PVFS (t+1)
v
r \ J
-7 PVFB (t+1)-U(t)PVFS (t+1)
. 9 J

+1Y PVFP (t+1)-P -1pJ
R

+[- Y (apvibd ~u()Apffsj)]

A nA, 4l

+[-Y {PVFPJ(t+1)-U()PVFSI(t+1))J)} (22.2.7).
N

Apvibj=Abyttd) Y

X+

ApVFSj=PVFSYt+ 1)- PVFS (t+ 1)
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Gain
Normal Cost ~ Gain
z J(t+])
NC(t+1)= (1) Z J(t+1)- — =wmmemeemees [ “Gain"] (2.2.2.8)
Al+ 1 PVFS(t+1)
Normal Cost
Normal Cost (Accrued Liability)
(i)
(AB )
Normal Cost Normal Cost

Stochastic Process
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