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T2 2 ARHAZFA R 9lolA], Black(1992)0] A3 AT, ArFe dAH AFs
& (continued solvency)¥} 719 #}7F &A12 & Al (continued goodwill) F-Al+= 34 Fod
A Al &= (defined benefit pension schemes) -84+e] 8 #FA4AIAL) old 4 Qltk &3 &
A 7118 dGA X (defined contribution pension schemes)= *-842] #HA(prudent man
rules) o] SR EATHA 7hIA7E 8749 ANk Q7S F R EE P W AdeH
= fféﬁé*é—:%/ﬂ% mx] R Aoz HyH ot A =T H(2008. 9. 24) = FI F

< 2471919) ﬂﬂﬁ%xﬂr—gifﬂ

A Al Y& WS . Ausow, ¥4 9 A 3
Beo18 QA A 4 - 0l FAT A Ry RSl F8 A o)

K
g g gl olel gk AL A olfr #AolA Lare] o= oY R 21763}‘34, A7A o
2l A
H e}

(regular funding methods)

.]
9 2AR oplE: F& ARsd EAD dzat 34 s ArEE 4 2

A2 e 4 Uk duksid, ALAA(FRi) 2 2% Fof3 el mal MAlskE o
AR5 FRE 5 Je AGes Fuvhe dxduy doAnin 7jose S APgx
Aoz Ageee 44 R 4 ot Y o= Aar /AR 52 Az Al
W "G ZAE obrlelr] wiioltt. wbA], AHed A FHA EAE de duA
o] &, F MFAoRE AHEATE EAGe Ao R FAld thFolAof & Folt}. o]9}
2 S, ANl 7HIA 3 A5 g HAAA A st Aeed #4119 4
7Y AR5 AlgH oz AgsaE ¥ (solvency risk)o. =2 Aelslal S35k, T3 7]}

(contributors) 2] HulAAANE 2] sl A FA= 7]e]Ee WE A (volatility)ys ] o) A
71o1-& 9% (contribution rate risk)O. = A lslar 43k},

AA R AgHAAETIES 99 F7HA 388 FAasksle Adxgd S B
=8E AT g 78 dAHoERE 471H Adey A oS AFd 242 3
Fo]  H3  Dufresne(1988), Zimbidis & Haberman(1992) —12]af Owadally &
Haberman(1999) 2] A28 Ad3 4 o, HZ e 2 HFRokeA HA 74
AL Qg WHEo R Fukstd Ayl AAHE HAHA o]l (optimal control theory)2-
Agslo] F 93 Ao HA88l= Haberman & Sung (1994, 2002) 2 Cairns(2000)¢)

gL mYQ004A 79 Al) L 421 olsk Al thE B A
5 S g Fe HAdRAE w7 19 AW Fo dgow Agsky Atk

2) Agael g A, 7 2 AelE A5 - 717101(1999), ppl53-165 7.

3) AAI= Collins(1992)2] TXVQ AlEEeld Aol Bas] AAHL g Held 1o HFH
A2L ogshd o237 #u: “The higher the contributions paid the lower the number of

insolvencies."
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HgAho] B Loz, (AVALdAM FARoR AF3 AN AFsd AFH 7of&
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model)oll 4 AFE A olal2E 84S v

#+ Financial Times(2003. 10. 22) 7|Ahl-gol <ahw, 2xe] 1000) 71Y=Se] da o
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e gt g
1. 7| 271A

22 AFAE s RoloA F2 AMSEE B2 9% 7S olv, Trowbridge(1952),
Bowers et al.(1979), Dufresne(1988), Owadally & Haberman(1999) GolA% o]} AL
7HgEe] AEEa Q. &, 7 RA A HF A5 1F¥ (final income pension plans) 5
oA w=wAFgrke XFsk, AAFPNA Sl ANEAFA Y WA (individual regular
funding method)S #-4-3s}a, <1715 H7 Axz HAstE JoJF/FE5F2 B4 dn4

¢l o]l gzt (spread pension funding method)-S #]-8-ght} 6).

(A1) A9 FA e Ao s AT (A D7 G970 (4, t+1), =0, 1, 2, .. & A
s, AAlel ol 193 7o = 7ol dwkAq)).

(A2) flgs5(Zlds ¢ 2 "Holeg AF: )2 F7F S99V 2@)edl Sy

(A3) FAFolES AAG 718t A7SAA - AA A A FA 52 AAAA A 100% AT

(A4) H7}= Q3 (Ql7-%A1% 2 AHA ) AAk7] Z(actuarial valuation basis)i= Al 7te] th 3
ageltt. 53], FgAETHEel 0% A FA(EFR) Q1o Z{stationary pension
plan population)o] ™, ¢1537F&o] 0%claL, of22] 7lolw A& 3l HA H7lel A
B o]&o] A7|gbel AA FAdg
>0)-2 8-k

(A5) 9715 A Hpension fund assets)S A 7FA(F(t)o = HIISoHF, Al AE A
A2 AbR HIEE).

(A6) T 7IZHH (t, t+]) FAFAE (im)> FHRAR} FAGFAE (r > 0) B FA-40|(1-
a), it JAAL FAFAE(rtaq) B FATAHN (0l ) 2wt o, 0% <
0<100%; e ~ iid N(u>0, *<0)9).

(A7) 715 Hrld #A3% AP R L] Wa 2@ A A(accounting bias and lags)e it} 9.

e

7)o & (single valuation interest rate: 1,

5) FolitEF o] HAGAdFd I %o A7 5 ) S (pension replacement rate)s- F3ate] A
Jas R A =
=a =] =

)01]/\1 Aesar, 718 g mE=gF A A

7) 789l dAAE FAgelEol AFeE e WE o voprt Tlo&e WEd s g2 93 v
F& Thornton & Wilson(1992) o] A=A Axlola] 32 4 gtk

8 AALG {r +em @ t=0, 1, 2, .Ji= A= WP AE Y ‘3‘31 53 en & A4 48 =

u) 9] (stochastic risk premium) o s|Feic). w3l A =87 g "é% ZA, A F5(2002) ol A
MagAe =z A3t ZAAE, 7MPEAAE 93 AL vnd & ﬂgr%" A7 AL ZFA
E217F A Q3 “J@/ 22 93 AFAYe 344 "]EX} o dasite dvlE XE

29 52 AZA BP oA EXEZT] S (lending portfolio) = ?L**dﬂ o w) gy
9) wjZ7|zF ¥ HIMA AAEE JARRE A A (Hmeliness) B F§ Aneutrality) 2 R 3v= 713
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2. SAHANAE R (Stochastic Financial Model)

fel ARAgl AT St Thgdt ge ANE wET 4 AT AEshg (A3) -
AYE AAAHRA ] A gan, FolNEF A ol FF VAT (& ol WAF) 7]

<2, F2A)AE AFFo] A2 Al Z F7Kactuarial present value) ] E3HQl FFH-A)
actuarial liability or standard fund: AL(t), B7] <= &8 @A Aoz J|EE 7}
ZRAE 7 Wi e AbEAgolel Wy ZIL A7} (current service cost)e] E3, =
7] %(normal cost or standard contribution: NC(t)), Z12]al Z7]ell 7FYE A Ao Al A
=

Aoz ANMHE FHIASZBY) 5 AEE gES BT 4592 4 5 Ak &

Eg/‘\/‘\/‘\

Bl

e

AL(t) = AL, NC(t) =NC & B® =B, vt {012 ..} (1)

F9, 71R719 (Al - (A9l 218 BI1AR A AFSEE FERAle] A (dynamics
of actuarial liability) & ‘AL(t+1)=(1+1,) - [AL{)+NC(H)-B(t)] ¢l 12 APdAQAWA4 ez &

2 AYAT o]k e A A A 9 A1)l A5 A8 Trowbridge(1952)7F A4 A

o] AF3 A4 A 4 (equation of equilibrium or maturityye -2 4 v}, =

AL = (1+i,) - [AL + NC - B] (e

l 1% —
T+, AL + NC = B) @)
SO0, (A6)dlA AT FAGFOlE BEE oA AT 7IEY A7A%e g, o
e Ak FA FAR AR Q@A gbe] Zh2 b Fabdnal Jhg geh1o, 5
A7l FEATAES AW A8 H T

Py
combination)ol] 2J3] ZAHH-S o 5 Yvh F

iwr = (@) r+a (r+em)

= r+ a ea ~ iid Nitay a’od) (3)

upbA], flol A ek A el AR AN Ad A7IAGFA AFREE AVl A
2ke] A & (dynamics of pension fund assets)-2 (A1) ~(A3), (A5) & (A6)dl 23] -3}
Y. =,

o=, |y IT 7[&e 2 FgdA 2y dnky gldgde 7Hxda 2 4 ok
10) 7129 FaldE R ge 9% 2 7938 Ak o 2E —rl}‘%%‘r(asset allocation)ei]
O3 welgle] F5A0R A Ey U FUEYE zke 35S (independently and identically

distributed random variable: #id)= 4 = (rando 3la Qo).

=
=
=
=
i
2
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F(t+1) = (1 + r + a- w) - [F®) + C(t) - B] 4)

71614, CHE ofdle] <E1>eld & 4 %ol Nzﬂ FQ el ugnt. &, ()
=0, 1, 2, .} AEAFEA(F, NC(r), AL®) 24)3 ol ddzhga(F, ACH) 2A)ol 93
A4t} uhaa

C(H) = NC(t) + AC(®) 5)
f 4 el 23l NC)=NC & AL(H)=ALelH, ACH)= 171+ H7Fa3 = ves Jols
5o REZFS AARVIZM AX AAEE AFS AAA 7]o]F (retrospective  adjusting
contribution) ©] A7 zke=th =, o]AdAWA ogt WY Tlolw AE 2EFE vE

o] A eldrh,

Ct) = NC + AC(¥)

= NC + k-[AL - E(], k = 1/dx 12 €(0, 1] (6)
o719 A, AL-E(ty= ® 237 (unfunded liability: ULM®)= Fel=n, ‘ULE > 0 o]d
A2 FEgol ‘E‘“ﬁo}ﬁi%% olmslar, UL®E) < 0 o AgA Jojgo] HAsIISS
ojujgtt. oy gk HEg B JojTS dATVIINS, (e Ap) AV nyell AA wjr] o
S&A A7) (actuarially fair amortization: 1/dm)ske k' & AFAIY A= o)A RS
(spread parameter)@}al gtk WA oA RSE TEA O R FH S AL AFEH
(5, AL-F@Y) 3 718 WEd(5 CH-NCO) 2 Al asdo= #dste 2d4s 742
th g, AAA onle dvlE %‘HS’% Azre] vt A el ot dFe] A nE
(risk premium)olz}ar AJz+e 4= v}, 3 W olz|gk o] FoIX|= [UL®): +=0, 1, 2, ..}
o A4 e AvE dedol Aok 9 A (9 ~(6)= A8
UL(t+1) = AL(t+1) - F(i+1)

= (1 +1i,) - [UL(H) + NC - C(t)] + (i - i) - [F(t) + C(t) - B]
=1 +1iy) - (1-k-UL®H + L{t+]) )

d

%, UL+ o] AL B7] mdzt Al A - o9 Ao Y1 +iy) - (1 - k) -ULEH 4
FA el ol 23k Fr] Algld £ (actuarial gain or loss: L(t+1)) (i, - 1) - [F(H + C(¥)

k2l (62 FuS H|RS fFYTIiEddN g glon, AR B wAV|GAFI AV
T(IAS 19) T3 oA zialel A%t JTH( T3 (2002) = )
T+ o+ o7, v=1/1+H,). B3 n=12 AS, k=



B Bom wAsEel 98% 4 rk osldlA ng AR Eofo wHcleld 4
M AdA &0 dEow Pa wANA B3 1 elulE et 4 vk %,

UL#+1) = (1 +1iy) - (1 - k) - UL@®) + L{+1)

[(1+ 7)) (1—-AI"L ULQ) + Zo[(1+ i) (1I=R1" L(t+1—h)

(k=1 dn W3 )

o(m) L UL(0) + ;loq»(n,)h- Lt 1—h) ®)

1+ i)'—i,-1
(1+ i ,)"—1

o7l A, (1 + o) - (1 - k) = = ®(n) € [0,1) ol==, o]z

Ae)e AA WA 27 DAFAL UL D ADA & - o Azte] Adgtel whel
(&, 1 - @), AFHoR asty 1 Hws A AL k (B F273E )l
W) FEAont wE AEEE AAHASS o 5 AGW. oF Sol, (0, 1)717k)

AP LH e FANROAAE 00 L) wF 2434, lm o(n) L - L1) = 0

e = he, VU (F, BVPIRAGL] BE QIEAA - AAA dS5AE
2] 100% A&AF)’ oW, ‘ULO) = UL(1) = ULR) = .. =0 & Ct) = NC ~ o]t} o]x= ¢
7F <k 1>ellA =gk AR 7, FAFEL] WEAdd 242 Erhs (A%) 7HE e =4
B2 4SS Aotk B8 ol 22 dghe] AUlEnhE T o)Al Aol AN,
Ct) = NC & F(t) = AL, vt), McGill et al.(1996) A& L(H-S EW3] 23 Agd &2l
2hal ote, mEie] B e VQIgh HlA ZAxR 1Astal vk ). AEH o, A (6)
& (7)o A Tom AT Ct)y REY ZH7e] o4 EijoA Holue dgsiel Med
je=s

L JelE AAIE [ACH=CH-NC @ =0, 1, 2, ..} & {UL®): t=0, 1, 2, ..}& =& 4 9
= F8 #AZ WM (controlling variablesy= 710l S (i), FAFAE(w) B o] SK)
olth. e}, el ASelA ok 4 QFel, $-Ei (AGel lal 1rlwel AFHow ¥
A g4E TAgel g FA0 R AYIel el AMEy ge Agegor,
Fei e Grrols 9 oGRS Al olE &83F HA A e BAle 2
A2 F=oh ol =98 soF A e thEd A

_4

139 4 @ & 4 el k= 1(EL 0~ Yold [ &/ WA 2 o) nol viskel
1/

FAGS . ER, k= Vdy olmz, ki ndll tiste] gade webd, ki dn) ol thste] gag

14) ol olhdshel el wael ATAE Al A ETLEEe 1 2ARI e
2 oug},

15) 0471011*1 Falld= 48 AgHd & - de Yedls L& SHe= dadets w2 Feld= A

FA N4 £ A 404 (income statement)ol] A% v]= 2 Flvpcha] i olx g, AlEd o

oF - RETo s ULHS Aoz Azksts dhde gaadn Eﬂx}tﬂiﬁ(balance sheet)

oA AR AT R FE FH FLNAE FAF Beyel ek

-7



eI (A A 74 = -9 HA A ol E
(A4 0, A9) | (L) £ 0) - (i)
! L (E17 Ay | !
aiz vt | [ ;@A e wEal | [ e e
( AL®) ) (UL® = 0) (F® )
t (@A oy |
L L 247 ol gz @A k 49 A4 el 7ol 244
(NCE) ) ' (ACtH) ) B ()

Il. =& 35} 21A(optimization process)

o] el =olo A HA A = )
S, i 0 120, 1, 2, = AR &3] AulE= FEHgelnR, 4 ()d o8 { Fb):
t=0, 1, 2, ..} ®3F SEWSS] AAIDel7] wEoltt. whdbA, Fhe] = AoH
fo: ]

=, =

ﬁﬂ% gEdgse] BE o E‘*;?O]X]J 2 (Ol Al Aeld ki o]k grolth uhebx, A
A5} Aol A %ﬂ% olate] =2olel A k(€ (0, 1)y d&WHFR 1 ujE gt 97
w AdeE A% R Vg Ade Aodsk] A8 4 UL e ACH S WeA s Al

=
12 2 22 &2ul Effirst and second moments) = 34 ST}

1. 2sl H@-2AM 3 (limiting mean-variance models)

ofefel A AMEE vhe rol, 7 Wit @ WAbel Jl2d WA BAH AAULE:
B0, 1, 2, el BABA(S, ArIFe Ase Ag)E mashs oA %ow 4404
o2 AE Jhed maHQl gl ;9 A @), (7) & (8)% Fg3tel uLme A

.
gk Aol By AFa) AYANEAA L w2T Bagol Yok =,

ﬂJ

rr
o

ULy = (1 +i,) - (1 -k - UL#1) + L)



=(1+i)-(1-k-UL(D) + % - AL )

teo, 2A% gk 44108 olgajel, WAl AFH AAAA WP 2E G0 v
(information vector), (1) = (UL(0), UL(1), .., UL®#1)), ol gk 12} 2AF 7|3k s}
i oot o] AFAARAAe] vEES & 5 A

E[UL(Y] = E{E[UL® | W=D} (@) i ~ iid N(r +a- 1, o o) #430%)

i,— ¥—a-qu
1+ 7,

= ¢k) - E[UL#D] + R (" dk) = 1+t a- ) - (1K) (10)

= (1 +r+a-pn)-(1-k - E[ULE#D)] + - AL

9 4 (10)011A1 ode e e ARSL 45 5 Ak 5L AP £ A4
=]

se TAshe

g
R
i)
i
i
X
lo
u
i)
op
i)

po
o
v

< Proposition 1: & gk(equilibrium state) >
21 @0plA Ok) = 1 Q1 A%, AFFIN ULE)F 72l 9 (range)= oh&3 2. =,

. _ R
0 ULE = T -
(i) R >0 A —ﬁ < ULE <R
‘R <0 79 R < ULE< —%&_u (11)

E35],'R =0(5, E@i) =r +a-pu=1i) 4% ULE =0.

= ol
of

102 ULE = ¢k) -ULE + R 22 W=F3lw, ULEw AlZF o] F33817] wliolt).
ULEw= k€(0, 1]o tigk ULES] S7F2 Rakel H&(+ -)ol 93] A=t 5, Ro] &
oI S7HFH ) Frolez ‘k=1" du] FHogh(F 23 R k=0" du) H2Z(H

__ R
rta-p’

—~—~

o
e

ar
do
¥

)

< Proposition 2: %3] (equilibrium solution) >

A A0pIA o) = 19 As, #FaE 0o B =,

E[UL(#)] = {UL(0) - ULE} - ¢f)* + ULE (12)
)

16) X, Y7} g5smolm, ‘BE(X | Y)] = EX)S w580 (EM-S Mood et al(1963; p158) =),

- 9.



7 (A)l 2 F=olxl UL0) & ol-8-ste], ZIthghol th3tk 9o AL (10)< =24

B . R-(1-= ¢(kH)
E[UL®] = o(R) ' UL(0) + 1- o(p

= {UL(0) - ULE} - ¢(k)* + ULE

< Propositon 3: 7|tzke] 718}eb4] <kAdAd 27 (condition for geometric stability) >
Zltgt AAD {E(UL©0)), E(UL(1)), E(UL(), ..}o] %7]%] UL(0)e] @314 ULE= %2 3}
71 93 2L ‘0 < ok <17 otk B3|, E@i) =r +a-u =i, o)™ l[ijgo E[UL(®] = 0.
(379)

718184 7FAE-(geometric damping rate)-2 YUEM = @) € [0, 1) o™, <Proposition 2>

o <3l lim E[UL($)] = = ULE (%, UL®el Fa/ldlgkel ULES 2 4

R
1 - ok
ATh. wS EG) =r+ a-pu=i, o], A10)o] <3 ° l[imCD(k)[ =0 & R=0".

wtz}A], <Proposition 3> A & 4= 910, AAH k7 F3H71dlzhk oA #Aed2A
o] 9ulE zt7] 9k 718 71 #2l g (admissible and feasible control range)2- U3

s ol go8 4 A
0ol <1 & 1 - —L— <r<1 (13)

TR godar] fstel ULl 24 RaEEhs wEdch 4 (9)
BA AAWE AG3A “Var[UL#)] = E{Var[UL®) | Y¢t-1)]} + Var{E[UL() |
R I L S T R R

() E{Var[UL®t) | "t-1)])
1=k - UL(t=1)- AL

= Bl - ULG-) - a- dH o - of -2 oy @+ o)
=(a-0’ - { (1K - Var(UL(1) + [(1-k) - EQUL(+1)) - 1‘3—% I’}

1) - Var(UL@1) + {t(k) - E(UL(1)) - Q} >

NN, 1) = (-0 (14 (20 Q=42 AL (20

17) X, Y7} &0, ‘Var(Y) = E[Var(Y |X)] + Var[E(Y [X)] & =3l =S Mood et
al.(1963; p159) #Ax).

- 10 -



(i) VarE[UL®) | W-1)]} = Var{ &) - ULG-1) + R} = d(K)* - Var(UL(+1))
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<E 2> HHB2|BSZUK) oAl |

a:(l-a) = 20%:60% | © =0% | ©=30% | © =50% | © =280% |6 =100% ;9;
o= 0015 |10 0.766846  10.634201 10412804  |0.007412

b = 3% |o= 0030 1.0 0.766801  10.634207 10412904  |0.007436 = 057
o= 0060 1.0 0.766870  10.634235 10412943  |0.007532
0= 002 1.0 0.774061  |0.644524 0427621  |0.092991

b = 5% o= 0050 1.0 0.774074  10.644542 10427647 |0.093063 = 058
o= 0100 1.0 0.774124  10.644614 10427751 |0.093299

<& 3> EHT2|HpZLKY) oAl T

a:(l-a) = 50%:50% | © =0% | © =30% | © =50% | © =80% |6 =100% ;*i
o= 0015 |10 0.766854  10.634213 0412911  |0.007454

= 3% |o= 0030 |10 0.766884  10.634256 0412972 |0.007604 = 057
o= 0.060 |L.0 0.767005  10.634427 10413215  |0.008203
0= 002 1.0 0.774083  |0.644556 10427667  |0.093099

b = 5% |o= 0050 1.0 0.774162  10.644669 10427829  |0.093464 = 058
o= 0100 1.0 0.774477 10640121 10428480  |0.092023
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Abstract

In a defined benefit pension plan, the benefits to be paid out to qualified members
are defined according to pre-determined benefit formula. Hence, funding and investment
strategy plays a key role in managing pension plans. In this research, we focus on
deriving an optimal spread pension funding plan in view of the long-term and going
concern valuation basis. In general, the spread funding plan has such a meaning as a
process of allocating pension costs smoothingly in a systematic and rational manner.
Recently, one of the critical issues in pension profession is how to design the pension
funding plan providing simultaneously the pension contribution stability and fund
solvency in a defined benefit pension plan. This paper could give an efficient and
admissible solution to this issue in view of optimal control. Methodology used in this
paper is that firstly, a model is used to represent the financial cash-flow structure of a
defined benefit pension plan; secondly, ultimate mean-variance model is derived in view
of optimal control theory; and lastly, we adopt the nonlinear programming approach for
optimal solution.

Our results would be a new application of control theory and an admissible

extension to the current pension funding theory and practice.
% Key Words: Spread (Pension Funding) Method, Mean-Variance Model, Control

Theory, Nonlinear Programming, Contribution Rate Risk, Solvency

Risk, Global Minimum Variance Portfolio.
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