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Abstract This paper applied the default intensity parameters to measure the credit risk premium of

cash flow. On the basis of Macaulay duration, credit duration measure model and credit duration immune

condition were established, which can control interest rate risk and credit risk. The innovations and

characters of this paper: Firstly, according to simplification pricing theory, credit risk premium of cash

flow was calculated by default intensity and loss given default. By the discount rate containing credit risk

premium changing the discount rate in Macaulay duration, credit duration measure model was established,

which perfects Macaulay duration and improves the precision of the interest risk immunization. Secondly,

by credit duration reflecting credit risk and interest rate risk, the relation function of credit duration gap

and net value of bank was constructed. By the immunity condition which is credit duration gap equal

to zero, optimization model of asset-liability portfolio was established. It changes the disadvantage of

Macaulay duration immunity which only can control interest rate risk, but cannot control credit risk.

Thirdly, according to Cox regression model, default intensity is the product of benchmark default intensity

and risk factors of the enterprise itself. By this model, this paper fitted out default intensities at different
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time and calculated credit risk premiums at different time. It changes credit risk duration in existing

research cannot reflect the fact of credit risk premiums changing as time. The comparison result shows:

when market interest rate changes, model of this paper can accurately immune interest rate risk, but

Macaulay duration immunity condition cannot immune interest rate risk and bank net will loss.

Keywords asset-liability management; credit risk; duration; risk immune; default intensity; Cox regres-

sion analysis
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2 ��

2.1 ����.����
�02&�>?����#(.�$ 5 /, �? 1 ;<.

0 1 � !�1��
(1) ;� (2) � (3) 6� (4) =@

1 Macaulay � MacD <7�=�8	2=3>94, 7=�8	A��>3?49:5 [1].

2 F-W � DF-W ;
;<8637?7=�82=, 6@49:5�> [1].

3 @A� Deff ;<9�BBC�A��8:C;	D�E, ��8:C;�;<C;	E3 [1].

4 ��� Dd <7BA<	;<C�=7=�83?49, 9=;<>:?C;D	;<?E [1].

5 	
?E� Dcredit ;
��?EF87G5 Macaulay ��2=;< [13−15].

1) � Macaulay �� >?�B0��. Macaulay ����� ���#(, �H��)+ “�:�

�;����7”[1] , ,'�?7 MacD = f(�:� ci, $����� r, �:����7 t). F-W �

��0/���+1����� Macaulay ���*�#(.

? 1 � 4 ��B0��@�$%���C�����F���:��<D��, 0'�������

�� . �4�Æ, ���/"����'�, ��:������������� , ;���<��AI

����.

2) �02&� “������ Dcredit”, �? 1 9 5 �. ,&G�6 �&%����9� rc, �

Macaulay ���7�����J", �'�?< Dcredit = f(�:� ci, $����� r, ����9
� rc, �:����7 t)[13−15].

�02&�$%�����9� rc ��BC��, 0'&���/;�����9��.�/���.

4�Æ, �
��8=�.-�/�28����, ����9�<��/"�/�'�.

2.2 9".�#$%��. “&'�� DC” �(
“���� DC”�!D>�
���%"��E����:��E��������,����6"�

���(�<D�������9� rc(t). ��3����9� rc(t) �7����>��:���7�,

��:��7�� �:, <D'�
��;����7.

“����” �'�?<: DC = f(�:� ci, $����� r, ����9� rc(t), �:����7 t).

H� Macaulay �� MacD = f(ci, r, t) �?I: ?7�KE-&�L “����9� rc(t)”, AI�

�������� .

J��02&�3������� Dcredit = f(ci, r, rc, t) �?I: ����9�;;&�/ t  ��
Æ, AI���/;�����9�.�/�������� .

2.3 �%�� !"
Duffie� Singleton�'�����#(,���
�����:��7����,�7����$��

��;Æ�B����9�, ,�����9����6"����(��'� [19].

F: P : �
��, n: �7, ci: 9 i ���:�, ti: 9 i ��:�����/, ri: 9 i ��:��M�

$����, LGDi: 9 i ��:��M����(�, h(t): ��6", � [20]:

P =
n∑

i=1

ci exp
(
−

∫ ti

0

(ri + LGDi × h(t))dt

)
. (1)

7 (1) �3H: ��6" h(t) AI@N�A��?�G���)�, �/"�/ t �'�. ����(
����6"�K@ LGDi ×h(t) ) ����9�, ;�$���� ri ÆL�7���, ���>��:

� ci 7�%�.

������� ���� DC #(�F&���: !�����#(7 (1), ����9�%"��
�(����6"�K@, Æ rc(t) = LGDi × h(t),  ���� DC �����9� rc(t) �F&*D+ .

2.4 Cox #$)<%*��
�������#(���6" h(t), �02&&G�� Cox !G��M$)#(��B�.
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F: h(t): 9 t �?���6", h0(t): 9 t �?��*��6", βi: 9 i B!��!G��, Xi: 9 i

B!��>, q: !��B�, � [21]:

h(t) = h0(t) exp(β1X1 + β2X2 + · · · + βqXq). (2)

7 (2) �3H: Cox !G#(A����$�1BN$, ��.-�/����*���� h0(t), (�

�@N�H�O8=5/���&- exp(β1X1 + β2X2 + · · · + βqXq).

2.5 +,.&='()-*
C;�: �H)��I�����*":�, BAI����PAI����.

 CC;��JD: D>7 (1) ������#(, &%���(����6"�K@, IÆ>��:

������9�. &%30����9��7����� � Macaulay ���7���:���J",

�#BAI����PAI���������*"#(.  CC;�.

C;(: �H��
������.'������������.

 CC;(�JD: &%��AI��������������#(, �#�
�������E
D#(, E<����ED������� . &%����ED 0 ���"$, ����������

���, # �
���#(.  CC;(.

C;5: �H?J����9�.-�/����KF, B�'�������9�.

 CC;5�JD: D> Cox!G��M$)#(,&%��6" �*��6"�@N�H���&
-�K@�JD, B�'���/;Æ�@N��6". &%B�'���6", *D���/;����
�9�, O>���������9�.�/���.  CC;5.

h0(t).
(35-1) (35-2)

1
( )
q

k k
k

exp X
=

,

(30-1)~(30-q)

ri

LGDi

h(t):

. (28) ri+LGDi×h(t)

P:
.

(5)

DC:

,
. (7)

: DCGAP=0.
(26)

:

. (25)

. (27)

A1
…

Aa
Cox

. ,

. 1 �/01+,2���13?-45.6/

3 0789:1;<23@=A4>?56@

3.1 �#$%����.&'��
3.1.1 7B. Macaulay ��CDA

F: MacD: Macaulay ��, n: �7, ti: 9 i ��:�����/, ci: �
 (�) �9 i �
���

:�, r: $����, � [1]:

MacD =
n∑

i=1

ti

[
ci exp(−rti)∑n
i=1 ci exp(−rti)

]
. (3)

7 (3) �3H: KEFL� ti �?
���:�����N�?
���:������P�, &��

� MacD �;�����:�!��7.

A7 (3) ��7�'� exp(−rti) ��@$Q7 exp(− ∫ ti

0 rdt), L�:

MacD =
n∑

i=1

ti

[
ci exp(− ∫ ti

0
rdt)∑n

i=1 ci exp(− ∫ ti

0
rdt)

]
. (4)

7 (4) �7 (3) �%��, �7 (4) ��7�'�R�@$�Q7, Q"�9<D.

3.1.2 &'�� DC .CDA
D>Æ9 2.2 �������H, ������7����30����9�. A������7��
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�G r′(t), ����� DC ���?7:

DC =
n∑

i=1

ti

[
ci exp(− ∫ ti

0 r′(t)dt)∑n
i=1 ci exp(− ∫ ti

0 r′(t)dt)

]
. (5)

7 (5) �3H: ��3����9��7��� r′(t) ��:���7�, <D;����7.

HI Duffie � Singleton � ��������, !7 (1) �E, >��:��7��� r′(t)  $��

�� ri ;Æ�B����9� LGDi × h(t), �:

r′(t) = ri + LGDi × h(t). (6)

A7 (6) >:�7 (5), L��2&�#� “���� DC” #(:

DC =
n∑

i=1

ti

[
ci exp(− ∫ ti

0 ri + LGDi × h(t)dt)∑n
i=1 ci exp(− ∫ ti

0
ri + LGDi × h(t)dt)

]
. (7)

�2&����� DC �� � Macaulay ���?I�"�"&����9�. � � Macaulay �

������$���� r �>���:���7�, &50�"�����"7����� . ��97

(7) ������7�����$���� ri ��"Æ;Æ����9� LGDi × h(t), �#&BAI��

��PAI�������#(.

�2&��"��6"� “���� DC” ��02&�"���M� “������ Dcredit”[15] ��
�?I�"���.�0������� Dcredit

[15] �����9��BG�,�.�/���. ��2&�

���� DC ���6" h(t) �/"�:����/ t �'�, 2�# ����9� LGDi × h(t) /"

�/ t �'�, AI�����/;Æ�������KF.

3.2 �#$%��&'��.8BC9
3.2 JA��Æ9 3.1 J�����# ��"$, ,���.'���������:G�����

��. $ BR: 3.2.1 �����Æ�<D, 3.2.2 �D>�
�������Æ2�'������Æ,

3.2.3 ���ED�����Æ�'�/�, 3.2.4 �&%ED HKL������ H.

3.2.1 DF (:E)  F.G�;G&'�� DC .<H	I
Step 1 ��/"$������� dP/dri. 7 (1) � ri ��%�, !"7 (1) � LGDi�h(t) ���

ri �'�, �%�%����SG�T�. D>N�'��%�K�, L� P /" ri ���:

dP

dri
=

d[
∑n

i=1 ci exp(− ∫ ti

0 ri + LGDi × h(t)dt)]
dri

=
n∑

i=1

d[ci exp(− ∫ ti

0 ri + LGDi × h(t)dt)]
dri

=
n∑

i=1

{
d[ci exp(− ∫ ti

0
ri + LGDi × h(t)dt)]

d[
∫ ti

0
ri + LGDi × h(t)dt]

×d[
∫ ti

0
ri + LGDi × h(t)dt]

dri

}

=
n∑

i=1

{[
− ci exp

(
−

∫ ti

0

ri + LGDi × h(t)dt

)]
×

∫ ti

0

1dt

}

=
n∑

i=1

{[
− ci exp

(
−

∫ ti

0

ri + LGDi × h(t)dt

)]
× ti

}

= −
n∑

i=1

tici exp
(
−

∫ ti

0

(ri + LGDi × h(t))dt

)
.

(8)

Step 2 ��/"������� dP/dy. D> Macaulay ��#(�KF"$ [1], KF������

� dy �$������� dri 5�
[1]. IJ “��/"�������” %" “��/"$������

�”:
dP

dy
=

dP

dri
. (9)

A7 (8) >:7 (9) KE, L��
�� P /"���� y ���:

dP

dy
= −

n∑
i=1

tici exp
(
−

∫ ti

0

(ri + LGDi × h(t))dt

)
. (10)
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Step 3 ���L$ dP ����� DC �'�/�A7 (10) �1EK� dy/P , L�:

dP

P
=

−∑n
i=1 tici exp(− ∫ ti

0 (ri + LGDi × h(t))dt) × dy

P
. (11)

A7 (1) >:7 (11) KE$K, L�:

dP

P
=

−∑n
i=1 tici exp(− ∫ ti

0
ri + LGDi × h(t)dt) × dy∑n

i=1 ci exp(− ∫ ti

0
ri + LGDi × h(t)dt)

= −
∑n

i=1 tici exp(− ∫ ti

0
ri + LGDi × h(t)dt)∑n

i=1 ci exp(− ∫ ti

0
ri + LGDi × h(t)dt)

× dy.

(12)

!7 (7) �E, 7 (12) KE�9�L����� DC 5%, �7 (12) ��R�:
dP

P
= −DC × dy. (13)

A7 (13) 1EK��� P , L����L$ dP ����� DC �'�/�:

dP = −P × DC × dy. (14)

Step 4 ����Æ ΔP ����� DC �'�/�

D> Macaulay ��#(��KF"$ [1], �"�����0L+���, ���L$ dP �����
�Æ ΔP 5%, �����L$ dy ��������Æ Δy 5%. �D>7 (14), �7�M� [1]:

ΔP = −P × DC × Δy. (15)

7 (15) Æ ������������Æ ΔP ����� DC �'�/�7. ����<D����
��Æ ΔV �:�>:57.

7 (15) ��02&�?I�";������: �02&�/�7 ΔP = −P × MacD × Δy, ,�
�����$����7�� Macaulay �� MacD, 0'&��������� . IJ, �� MacD <

D'�����Æ ΔP 0'&������ , ��*)�. ��2&��3����9��7���, �

#BAI����PAI��������� DC . IJ, ������ DC <D����Æ ΔP , AI�

��������):��������� .

3.2.2 JK=FG�; ΔV .CDA
!"���� V %"��
�� PA LL���� PL. ;����������, �
����

�������, IJ��%<���, � [1]:

ΔV = ΔPA − ΔPL=
a∑

k=1

ΔPAk−
b∑

k=1

ΔPLk. (16)

,�, ΔV  ������Æ, ΔPA  ��
�����Æ, ΔPL  �������Æ, a  �
�Æ,

ΔPAk  9 k U�
�����Æ, b  ��Æ, ΔPLk  9 k U������Æ.

D>7 (15), F DCak  9 k U�
�����, DCLk  9 k U������, � ΔPAk � ΔPLk:

ΔPAk = −PAk × DCAk × Δy. (17)

ΔPLk = −PLk × DCLk × Δy. (18)

A7 (17) �7 (18) >:7 (16), L�:

ΔV =
a∑

k=1

(−PAk × DCAk × Δy)−
b∑

k=1

(−PLk × DCLk × Δy) = −
( a∑

k=1

PAk × DCAk−
b∑

k=1

PLk × DCLk

)
×Δy.

(19)

7 (19) Æ ����Æ�<D57. �����������.'�������Æ ΔV ��.'.

3.2.3 &'��L>.CDA
1) ����ED

�02&�, ��ED DGAP = �
;����� − �����
���P� × �;����
� [1]. A�02&�ED�� “Macaulay�� MacD” NO �9� “���� DC”, 2��H “����

ED”:
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F: DCA: �
�������, PL: ;0������, PA: ;0�
�����, DCL: ���
�����, a: �
�Æ, PAk: 9 k U�
���, DCAk: 9 k U�
�����, b: ��Æ, PLk: 9 k

U����, DCLk: 9 k U������, �:

DCGAP = DCA − PL

PA
× DCL =

∑a
k=1 PAk × DCAk

PA
− PL

PA
×

∑b
k=1 PLk × DCLk

PL
. (20)

7 (20) Æ ����ED DCGAP �?7. 7 (20) ��02&ED�'�Q7��, ��A�0E

D�� “Macaulay ��” NO�& “���� DC”.

2) ����Æ ΔV �����ED DCGAP �'�/�

A7 (20) 1E��K� PA, �:

DCGAP × PA =
a∑

k=1

PAk × DCAk −
b∑

k=1

PLk × DCLk. (21)

7 (21) �KE�7 (19) KE+FLM5%, ;�A7 (21) �HE>:�7 (19) KE�+FLM, L:

ΔV = −DCGAP × PA × Δy. (22)

7 (22) Æ ������Æ ΔV �����ED DCGAP �'�?7.

3.2.4 &'��8BC9.?@
��7 (22) # ��"$, D>��SNED�"�, ����Æ ΔV O�$ ��5/0=:

1) "ED DCGAP > 0: ������M, ����Æ Δy < 0. SN&"ED DCGAP > 0, D>7 (22)

<D' ΔV > 0, ����Æ ", ��N�. A�, �����ÆO, ����Æ ΔV  �, ����.

2) �ED DCGAP < 0: ������M, ����Æ Δy < 0. SN&�ED DCGAP < 0, D>7 (22)

<D' ΔV < 0, ����Æ �, ����. A�, �����ÆO, ����Æ ΔV  ", ����.

3) HED DCGAP = 0: A “DCGAP = 0” >:7 (22) KE, L� ΔV = −0×PA ×Δy = 0. %��, $

������H���Æ������Æ Δy OPH�, 7 (22) �����Æ ΔV �P%" 0, �����

P���.

��02&�# ����"$01/: ��HED#( [9,13−15], (�SNED#( [22]. !"ED.

'$%&���9:;, ;��9��HED#( Q# ������"$.

D>Æ9�$), L��"��6"�������"$:

DCGAP =
∑a

k=1 PAk × DCAk

PA
− PL

PA
×

∑b
k=1 PLk × DCLk

PL
= 0. (23)

A7 (23) HK1E��K� PA, L�:
a∑

k=1

PAk × DCAk −
b∑

k=1

PLk × DCLk = 0. (24)

7 (24)�7 (23)�IO7, ��9�"��6"����# ���"$. �����ED DCGAP =

0 �, ������ ΔV = 0, ���.'&���������@�� ������V�.

7 (24) �������"$� Macaulay ����"$�?I: �02&��$����7����
MacD # ��"$, 0'��������� , ������������. ��2&&%3����
9������ DC # ��"$, BAI&����PAI&����, ��������������
��.

3.3 �#$%��&'��.DF:EM���
Æ9 3.2J�"����# ���"$, 3.3JA�#�
���#(,,����.'�����

�����"$����
��.

3.3.1 AJ<H.?@
F: Z: �#�:; a: �
��; Ak: 9 k U�
�W��:Æ, C(�Æ; YAk: 9 k U�
$��,

� [22]:

obj: max Z =
a∑

k=1

AkYAk (25)
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7 (25) �3H: �����
��#�:�. ��, O>���
����.�.

3.3.2 %NC9.?@
1) ������"$. !7 (24) L�������"$, +QGP�R�G 7 (26):

s.t.
a∑

k=1

PAk × DCAk −
b∑

k=1

PLk × DCLk = 0. (26)

2)  F K�Q. D>�� F K��O���Q�.'�������� [22]:

s.t.
a∑

k=1

λskAk +
b∑

k=1

γskLk ≤ (or = , ≥)cs. (27)

,�, s = 1, 2, · · · , t. λsk, γsk $I 9 s B�Q"$�, 9 k U�
�9 k U����; cs  9 s B�Q
"$��GÆ. λsk, γsk � cs �O��!�� F K��
����P�C�.

4 07 Cox BCDO@89:1EF6@GPQKR@SH

��6" h(t) �*D���� DC �:�:�, 9 4 J��Æ99 3 J# �����#(���6
" h(t) �B:�:���*D. �9 4.1∼4.4 J�:�*D+ , 4.5 J�:�*D�Q��>.

4.1 �# Cox #$.$%��IJ�9��
1) ��6"���#(
D>Æ9 2.4 J7 (2) � Cox !G�M$)#(, ��6" h(t) �B�$ 1N$�K@: ���*

��6" h0(t), AI��6".�/����RL; (��@N��!� ��Æ�!�'� exp(β1X1 +

β2X2 + · · ·+βqXq), AI&@N�H���&-,�Æ97 (2). ,�,�*��6" h0(t)���97 (31-1)

� (31-2) B�, !G�� βi ���97 (30-1)∼(30-q) B�, @N���4R!��> Xi �TEÆ.

2) S@��6"���#(
D>�02&� Cox !G�M$)#( [21], S@��6" H(ti) �H ��6" h(t) 2�? 0 ��

? ti �@$. ,?7 [21]:

H(ti) =
∫ ti

0

h(t)dt = H0(ti) exp
( q∑

k=1

βkXk

)
. (28)

,�, H0(ti)  S@�*��6", �H �*��6" h0(t) 2�? 0 ��? ti �@$, UP�97 (32).

4.2 Cox #$MH βi .IJKL
1) M�'�?7�)�

D>T.M�2<+ , �7 (28) ��!G:� βi ��2<. � T1 < T2 < · · · < Tm ?< m B�

��?, �>B���?�M�@N��. �M�'� [21]:

L(β1, · · · , βq) =
m∏

i=1

exp(
∑q

k=1 βkX
(i)
k )∑

Ej∈Φ(Ti)
exp(

∑q
k=1 βkX

(j)
k )

. (29)

,�, m  ���?B�, q  !�B�, βi  9 i B!��!G��, X
(i)
k  � Ti �?��@N�9 k B

!��>, Φ(Ti)  �M�/."�%" Ti �@NU�, X
(j)
k  �M�/."�%" Ti �;0@N�9 j

@N9 k B!��>.

2) !G���% 

�M�'�7 (29) �.��, %L��� β∗
1 , · · · , β∗

q  �N�!G��B��Q.

Step 1 AM�'�7 (29) O��, L���M�'� ln L.

Step 2 A��M�'� lnL $I/"�� β1, · · · , βq %S��
[21]:

U1 =
∂(ln L)

∂β1
=

m∑
i=1

X
(i)
1 −

m∑
i=1

∑
Ej∈Φ(Ti)

X
(j)
1 exp(

∑q
k=1 βkX

(j)
k )∑

Ej∈Φ(Ti)
exp(

∑q
k=1 βkX

(j)
k )

, (30-1)

· · · · · ·

Uq =
∂(ln L)

∂βq
=

m∑
i=1

X(i)
q −

m∑
i=1

∑
Ej∈Φ(Ti)

X
(j)
q exp(

∑q
k=1 βkX

(j)
k )∑

Ej∈Φ(Ti)
exp(

∑q
k=1 βkX

(j)
k )

. (30-q)
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Step 3 TS��7 (30-1)∼(30-q) �%" 0, L�!G���B�� β1, · · · , βq.

4.3 �T$%�� h0(t) 'MN�T$%�� H0(ti) .OU
�7 (28) ���*��6":� h0(t) ��<D. D>��6"��H “G���)�”[20], �50�

����?���)�V� 0, IJ50�����?���6" h(t) % 0��*��6" h0(t) % 

0. ;�, VU�'�<D���? Ti ��*��6" h0(Ti).

D>�M$)+ , �� Breslow 2<Æ��*��6" h0(t) �S@�*��6" H0(ti) ��<

D [21]:

h0(t) =

⎧⎪⎪⎨
⎪⎪⎩

d(Ti)

/ ∑
Ej∈Φ(Ti)

exp
( q∑

k=1

βkX
(j)
k

)
, t = Ti, (31-1)

0, t �= Ti. (31-2)

H0(ti) =
∑

Ti≤ti

h0(Ti). (32)

,�, d(Ti)  �? Ti ����@N�, ,SOK�3H��;'. 7 (31) ?<H����? t = Ti, �*
��6"%" “��@N�” � “�M�/ ≥ Ti �@N��&-��” �P�. J�R���? t �= Ti, 5

0@N�S�?��, ��*��6" 0. 7 (32) ?<� ti �?���;0���? Ti Æ�*��6"
h0(Ti) �S;�.

4.4 $%��MH.OU
1) ���� DC ���6":��<D. AÆ97 (7) ��@$

∫ ti

0
(ri + LGDi × h(t))dt X$�1B

@$ [20]�Æ
∫ ti

0
ridt +

∫ ti

0
LGDi × h(t)dt, �7 (7) ��:

DC=
n∑

i=1

ti

[
ci exp(− ∫ ti

0 ridt − ∫ ti

0 LGDi × h(t)dt)∑n
i=1 ci exp(− ∫ ti

0 ridt − ∫ ti

0 LGDi × h(t)dt)

]
. (33)

D> Duffie 6"7��9W�/"���(��KF, K�@N���(��C���&�.�/��
� [19], ��@N0T���%R5/. �9PHI�B6 , A7 (33) ����(� LGDi ��) �B
C�� LGD &8�@$U, �7 (33) � :

DC =
n∑

i=1

ti

[
ci exp(− ∫ ti

0
ridt − LGD × ∫ ti

0
h(t)dt)∑n

i=1 ci exp(− ∫ ti

0
ridt − LGD × ∫ ti

0
h(t)dt)

]
. (34)

T7 (34) �
∫ ti

0
ridt = R(ti),

∫ ti

0
h(t)dt = H(ti). R(ti)  S@$����, H(ti)  S@��6",

� [20]:

DC =
n∑

i=1

ti

[
ci exp[−R(ti) − LGD × H(ti)]∑n
i=1 ci exp[−R(ti) − LGD × H(ti)]

]
, (35)

R(ti) =
∫ ti

0

ridt = ri × ti. (36)

7 (35) �7 (7) 2�T�?7, � �����?7. 7 (35) � H(ti) �!7 (28) <DL�.

2) �
 (�) �� P ���6":��<D. A7 (36) �7 (28) >:7 (1) �, L�:

P =
n∑

i=1

ci exp[−R(ti) − LGD × H(ti)]. (37)

7 (37) ��7 (1) 2�T�?7, � �
 (�) ���<D57. 7 (37) � H(ti) !7 (28) <D

L�.

4.5 $%��V�MH.WXIJ
 &�99 5 JM��Q�<D, ;�*Æ����6" h(t) �B:�:����>B�.

4.5.1 Y9.Z['HPQ\
1) ��"�>: �2&��XOA?Y�VN��WXUZ%�N$Q� 3100U-Y. ,���0 70

U, R��0 3030 U. ��W"���NÆF�N�#RN�V�N�HXN% 12 B�N. �>���"A
?Y�VN������-���� [23], �? 2 � 3100 �;<.
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2) �M�/ τj �)�: �M$)#(�, �"�M�/��H “R�4$����/��R�4$5

0���2&��Q��/”[21]. !"�J�2&MY� “��6"”, ;��2&���R�4$�-Y�
����. D>�M�/��H [21], ��@N��M�/�2-Y�V�?������?��/Y", R

��@N��M�/�-Y�7�Q��/. �M�/ τj �? 2 9 3 W;<.

3) ���? Ti �)�: ���? Ti �!��@N��M�/, �? 2 9 4 W;<. �"R��@N,

���? Ti ��M��, ;�, ? 2 9 4 W�R��@N�M���W.?<. �? 2 �, 9 5 W���8
# Sj , ��@N�G “1”, R��@NG “0”, 9 6∼9 W�@N�BB!��> xij .

0 2 01+,RS1]TUVW^]
(1)

;�
(2) ZZX[

(3) �[A[

τ j (�)

(4) ��A9
Tj(�)

(5) ��SZ
Sj = p

(6) T\[][\
=�E< X1

(7) \];

E< X2

(8) 8;��
UV]� X3

(9) X:Y

^ X4

1 X[ 1 0.003 —— 0 0.92 0.50 1.73 37.9

· · · · · · · · · · · · · · · · · · · · · · · · · · ·
1640 X[ 1640 0.912 0.912 1 0.00 0.00 0.00 39.4

1641 X[ 1641 0.912 0.912 1 0.00 0.00 0.00 41.5

1642 X[ 1642 0.912 0.912 1 0.00 0.18 2.19 41.5

1643 X[ 1643 0.912 0.912 1 0.00 0.00 0.00 41.5

· · · · · · · · · · · · · · · · · · · · · · · · · · ·
3100 X[ 3100 3.000 —— 0 091 0.24 0.62 37.9

3101 Z[^ −0.785 −2.082 −0.359 0.447

4.5.2 _J.`Z
*Æ� Cox !G+���!���_X, W�!^X� ��6"�!�>:!G+��. Step 1: \

X!�. D>.MU� 9W�]Y��4�!�, 2@N]_�^_�%1B+�, \X&ÆF`�P��

�
���GDP ;Y�% 54 B!�. Step 2: �"@.�\`�9�/!�_X. � Step1 � 54 B\X

!���"Æ, &%@.�\`, a^+8ZY&& V IF ." 10 �ba!�, ca 43 B!�. Step 3: �

" Cox !G$)�9(/!�_X. �� Cox !G, B�L� 43 B!��!G��. � 5% �^X�/�
�, ON!G��^X�!�. �NON& 4 B!�, �? 2 9 6∼9 W;<.

4.5.3 #$MH.a�
4.5.2 J_X'�? 2 9 6∼9 W�BB!�) Cox !G����Æ, �7 (28) ��!�B� q = 4.

��Æ9 4.2J��T.M�2<+ , &%7 (30-1)∼(30-4)<DS�� U1, U2, U3, U4. TS�� U1, U2,

U3, U4 �%" 0, % !G�� β1 = −0.785, β2 = −2.082, β3 = −0.359, β4 = 0.447, �QW"? 2 9 3101

�.

4.5.4 $%ÆX Ti Æ�T$%�� h0(Ti) .OU
A? 2 9 4 W����? Ti L:TW:? 3 9 2 W, �>B���?Æ��@NB�W:? 3 9 3

W. �9 16 B���? T16 ���*��6" h0(T16)  Q��d[. h0(T16) �<D$ 1R:

Step 1 ��:��>:. !? 3 9 16 �9 3 W�E, �9 16 B���? T16 = 0.912 �, ��@N
� 4�Æ7 (31-1) �$& d(0.912) = 4. ��;', 7 (31-1) <D���?� h0(t). `A T16 = 0.912��

�@N� d(0.912) = 4�? 2 9 3101 ��BB!G�� βi >:7 (31-1), �:

h0(T16 = 0.912) =
d(0.912)∑

Ej∈Φ(0.912) exp(
∑4

k=1 βkX
(j)
k )

=
4∑

Ej∈Φ(0.912) exp(−0.785× X
(j)
1 − 2.082 × X

(j)
2 − 0.359 × X

(j)
3 + 0.447× X

(j)
4 )

.

(38)

Step 2 !��>�>:. 7 (38) �]Z Φ(0.912) ?<�M�/."%" 0.912 $�@N!��>.

�? 2 9 3 W�W�."%" 0.912 $��> ? 2 9 1640∼3100 �, � Φ(0.912) �? 2 9 1640∼3100

��@N!��> xij . D>�>]Z Φ(0.912), A? 2 9 1640∼3100��9 6 W�>>: X
(j)
1 , 9 7 W�

>>: X
(j)
2 , 9 8 W�>>: X

(j)
3 , 9 9 W��>>: X

(j)
4 , L� h0(T16) = 7.035× 10−10, W:? 3 9 16
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�9 4 W. ����L�,S���?� h0(Ti), �Q�? 3 9 4 W,S�;<.

0 3 01bY1�c01+, h0(Ti)

(1)

;�

(2) ��A9
Ti

(3) ��X
[^ d(Ti)

(4) �[��
�� h0(Ti)

1 0.140 1 1.422×10−11

2 0.247 1 2.034×10−11

3 0.252 1 3.401×10−11

· · · · · · · · · · · ·
16 0.912 4 7.035×10−10

· · · · · · · · · · · ·
38 2.989 1 1.468×10−8

0 4 Z[�c01+, H0(ti)

(1) ;� (2) A[ ti (�) (3) ^_���� H0(ti)

1 ti < 0.140 0

2 0.140 ≤ ti < 0.247 1.422×10−11

3 0.247 ≤ ti < 0.252 3.456 × 10−11

· · · · · · · · ·
17 0.912 ≤ ti < 0.934 2.872 × 10−9

· · · · · · · · ·
39 2.989 ≤ ti < 3 5.514 × 10−8

4.5.5 MN�T$%�� H0(ti) .OU
�2&��>����M�/� 0 ∼ 3 $, !B�' 3 $M����6" h(t). `�J�S@�*��

6" H0(ti) � ti �O�ae 0 ∼ 3 $. ���Æ;;, ���2&�+ ��B� 3 $�Æ���6".

A? 3 9 2 W� 38 B���/) �/$b;, 0 ∼ 3 $$� 39 B�/c, �? 4 9 2 W. D>7 (32) �

E, H0(ti) ���? ti ���;0���? Ti Æ h0(Ti) �S;�. � h0(Ti) ��Q�? 39 4 W;<. ;

�, H0(ti) �<D��D>? 4 9 2 W ti �O�, �? 3 9 4 W��> h0(Ti) ��S;, �Q�? 4 9 3

W;<.

4.5.6 MN$%�� H(ti) .\U��
A? 2 9 3101 �BB!G��>:7 (28), �:

H(ti) = H0(ti) exp(−0.785X ′
1 − 2.085X ′

2 − 0.359X ′
3 + 0.447X ′

4). (39)

,�, H0(ti) ����? 4 9 3 W;<. X ′
1, X ′

2, X ′
3, X ′

4  b;-Y@N�!��>. �% 4.5.1∼4.5.5 �

�>%�, L�7 (39) �S@��6" H(ti) *D#(.

5 d<e\

5.1 JK.�9&f
KFA����
�Æ A = 100000f], ��Æ L = 63000f]. �
��0=�? 5 9 1∼5W;

<, ���0=�? 6 9 1∼6 W;<.  &�9?'+Q, A�
�W��:Æ�Æ A1 ∼ A10 W"? 5

9 6 W. ? 5 9 4∼8 ��-Y� S^d#���e�. ? 6 9 6 � “3 $�\ L6” >_$d#�/��

�e�.

0 5 ]gh13?i^U3?12���
(1)

;�
(2) �� (3) �>

tAk (�)

(4) �;

< YAk

(5) �;
< yAk

(6) _]�f Ak/g`
(?a`̀ aC=)

(7) 	
�

DCAk/�

(8) ��83bc
h PAk/g`

1 =� A1 —— 0 0 A1 0 A1

2 [Z[d� A2 0.6842 1.62% 0.14% A2 0.6809 A2

3 dg� A3 0.6842 0.72% 0.06% A3 0.6827 A3

4 1 h��ZZ A4 0.083 4.60% 0.38% A4 0.0833 1.0002×A4

5 6 h��ZZ A5 0.5 4.60% 0.38% A5 0.4953 1.0010×A5

6 1 ��ZZ A6 1 4.60% 0.38% A6 0.9793 1.0015×A6

7 2 ��ZZ A7 2 5.20% 0.43% A7 1.9042 1.0079×A7

8 3 ��ZZ A8 3 5.20% 0.43% A8 2.7824 0.9936×A8

9 iB�� A9 —— 0 0 A9 0 A9

10 ^i�� A10 —— 0 0 A10 0 A10

11 ��bf —— —— A=100 000 —— ——
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0 6 ]gh1-4i^U-412���

(1) ;� (2) �	 (3) �>

tLk (�)
(4) �;< YLk (5) �;< yLk

(6) _]�f
Lk/g`

(7) 	
�

DCLk (�)

(8) �	83
PLk/g`

1 a�[Z L1 0.2 0.35% 0.029% 20000 0.2 20000

2 3 h�[Z L2 0.25 1.10% 0.092% 10000 0.25 999.96

3 6 h�[Z L3 0.5 1.50% 0.125% 13000 0.5 12996.4

4 1 ��[Z L4 1 2.10% 0.175% 8000 1 7998.3

5 3 ��[Z L5 3 2.75% 0.229% 6000 3 5980.7

6 3 ��	_ L6 3 3.66% 0.305% 6000 2.85 5994.3

7 �	bf —— —— L=63 000 —— ——

5.2 j_k`DF.&'��OU' FCDAa�
5.2.1 <aTcb'ccb.&'��OU

�MY*e: A2  Q<D����. H%/�7: D>�02&, MY*e:��7%/"�MY�
;����7 [24], ��MYd���e�MY�P:) �:, �MY�7 tLk ;���, <D%/�7

tA2 = 0.6842 $, �QW"? 5 9 2 �9 3 W. J�:����/ ti: �:����^`, Æ 1/12=0.0833

$, 2/12=0.1667$, · · ·, 0.6842 $, �? 7 9 2 W. f�:� ci: MY*e:�� 8 ���:��c�j�

�# zA2 = 0.14%× A2, W"? 7 9 3 W9 1∼8 �. ��T��, %/"MY L1 ∼ L5 ��, ;�MY*e
:!�5M�:Æ A2, �? 7 9 3 W9 9 �;<. gS@$���� R(ti): !"MY*e: A2 �$��

�
, ;� A2 �����$�����Æ ri = 1.62%. A ri = 1.62%�? 7 9 2 �� ti >:7 (36), L�

R(ti), �QW:? 7 9 4 W. h!"MY*e: A2 �$���
, ����(� LGD = 0, S@��6"
H(t) = 0.

0 7 fdcg� A2 1��eUZ[lÆmfg
(1) ;� (2) =�89�A[ ti (�) (3) 7���	=�8 ci (g`) (4) ^_d?E;< R(ti)

1 0.0833 0.0014×A2 0.0014

2 0.1667 0.0014×A2 0.0027

· · · · · · · · · · · ·
8 0.6667 0.0014×A2 0.0108

9 0.6842 A2 0.0111

A? 7 9 2 W� ti, ? 7 9 3 W� ci, ? 7 9 4 W� R(ti), LGD = 0, H(t) = 0 >:7 (35), L�:

DCA2 =
0.0833× 0.0014× A2 × exp(−0.0014) + · · · + 0.6842× A2 × exp(−0.0111)

0.0014× A2 × exp(−0.0014) + · · · + A2 × exp(−0.0111)
= 0.6809.

�QW"? 5 9 2 �9 7 W. ��, ed:%�Æbc�) ���*e:, !c�dj���#. `

��<DL� DCA3 = 0.6827 $, W"? 5 9 3 �9 7 W.

5.2.2 �b�h�DF'inDF.&'��OU
!"�: A1 �
��#�/�:�, a�M��:!�, ;��M��:��!��/, 7 (7) � ti =

0. A ti = 0 >:7 (7), L� DCA1 = 0. �QW"? 5 9 7 W9 1 �. ��, C��
 A9 �,S�
 A10

��
��#�/�:�, a�M��:!�, � DCA9 = DCA10 = 0. �Q$IW"? 5 9 7 W9 9�10

�.

5.2.3 <aTcb'ccb.DF FCDA
MY*e:�� PA2 �<D: A? 7 9 3 W� ci, ? 7 9 4 W� R(ti), LGD = 0, H(t) = 0 >:7

(37), �:

PA2 = 0.0014× A2 × exp(−0.0014) + · · · + A2 × exp(−0.0111) = A2.

�QW"? 5 9 8 W9 2 �. ed:�MY*e:����, L� PA3 = A3, W"? 5 9 8 W9 3 �.

5.2.4 �b�h�DF'inDF.DF FCDA
�� 5.2.2 J;', !"�: A1 �M��:��!��/, Æ ti = 0. A ti = 0 >:7 (1), L�
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PA1 = A1, W"? 5 9 8 W9 1 �. ��, C��
 A9 �,S�
 A10 ��
��#�/�:�, a�M

��:!�, �
���%"d�:Æ, L� PA9 = A9, PA10 = A10, $IW"? 5 9 8 W9 9�10 �.

5.3 ha`DF&'��OU' FCDAa�
5.3.1 hajo.�9pk

KF? 5 9 4∼8 �-Y A4 ∼ A8 ���0=�? 8 ;<. -Y A4 ∼ A8 �eY+7 S^d#��
�e�. �? 8 �: 9 3 W�-Y�^�� yAk; 9 4 W�-Y@N;����%R; 9 5 W�bi4R*

�*D'����%R�M�j!� R, ?<@N�����!kj!��:PQ [1]; 9 6W����(�
LGD, �� 1 LL9 5 W�j!� R L�� [1], ?<@N������(��:PQ; 9 7∼10 W�!�
�> xij .

0 8 idlq1�ji^
(1)

;�
(2) ZZ

(3) �;
< yAk

(4) 	


=c

(5) ��A	
kZ< R

(6) ��l
m< LGD

(7) T\[][
\=�E< X ′

1

(8) \];

E< X ′
2

(9) 8;��
UV]� X ′

3

(10) X:Y

^ X ′
4

1 1 h��ZZ A4 0.38% BB 42% 58% 0.23 0.67 0.71 39.8

2 6 h��ZZ A5 0.38% BBB 53% 47% 0.54 0.75 0.99 37.9

3 1 ��ZZ A6 0.38% AA 77% 23% 0.71 1.1 2.45 36.5

4 2 ��ZZ A7 0.43% AAA 78% 22% 0.86 1.21 3.28 35.5

5 3 ��ZZ A8 0.43% A 57% 43% 0.75 0.94 1.64 37.6

5.3.2 ha.&'��OU
�-Y A6  Q<D����. H�:����/ ti: �:�����/�^`, Æ 1/12=0.0833 $,

2/12=0.1667 $, · · ·, 1 $, �? 9 9 2 W. J�:� ci: �� 11 �, >����:����^��#
ci = zA6 = 0.38%×A6 (i = 1, 2, · · · , 11), �? 9 9 3 W9 1∼11�. ��T��B!��: A6, P!�^�
# zA6, Æ c12 = A6 + zA6 = A6 + 0.38%×A6 = 1.38%×A6, �? 9 9 3 W9 12 �. f$���� ri: �0

2&&GA-Y�*��) -Y0�
�$���� [9−11]. �2&HIS6 , )�-Y�*��) 
-Y0�
�$���� ri. 1 $M�-Y�*�� 4.35%, `$���� ri = 4.35%, �? 9 9 2 W. g

S@$���� R(ti): A? 9 �9 4 W� ri, 9 2 W� ti >:7 (36), L� R(ti), �QW"? 9 9 5 W.

hS@�*��6" H0(ti): �? 9 9 2 W� ti  n:, W��? 4 9 2 W��M��, AS�Æ9 3 W

� H0(ti) W"? 9 9 6 W. jS@��6" H(ti): -Y A6 �M@N��>�? 8 9 3 ��, A? 8 9 3

�9 7∼10 W� X ′
1, X ′

2, X ′
3, X ′

4, ? 9 9 6 W� H0(ti) >:7 (39) �, L� H(ti), �QW:? 9 9 7 W.

0 9 rmidlq1Z[lÆmfgnZ[01+,
(1)

;�

(2) =�89�

A[ ti (�)

(3) 7���	

=�8 ci (g`)

(4) d?E

;< ri

(5) ^_d?

E;< R(ti)

(6) ^_�[��
�� H0(ti)

(7) ^_��
�� H(ti)

(8) 	


� DCA6/�

(9) ��83
PA6/g`

1 0.0833 0.0038×A6 4.35% 0.0036 0 0

0.9793 1.0015×A6

2 0.1667 0.0038×A6 4.35% 0.0073 1.422×10−11 4.2×10−6

· · · · · · · · · · · · · · · · · · · · ·
11 0.9167 0.0038×A6 4.35% 0.0399 2.87×10−9 0.000847

12 1 1.0038×A6 4.35% 0.0435 1.37×10−8 0.004053

A? 9 9 2 W� ti, ? 9 9 3 W� ci, ? 9 9 5 W� R(ti), ? 8 �-Y A6 �M�9 3 �9 6 W�

LGD = 23%, ? 9 9 7 W� H(ti) >:7 (35), L�:

DCA6

=
0.0833× 0.0038 × A6 × exp(−0.0036− 23% × 0)+ · · ·+1 × 1.0038 × A6 × exp(−0.0435− 23% × 0.004053)

0.0038× A6 × exp(−0.0036− 23%× 0) + · · · + 1.0038× A6 × exp(−0.0435− 23%× 0.004053)

=0.9793.

�QW"? 9 9 8 W"? 5 9 7 W9 6 �. ��,S-Y, �QW"? 5 9 7 W9 4�5�7�8 �.

5.3.3 ha.DF FCDA.a�
�-Y A6 �����<D Q. A? 9 9 3 W� ci, ? 9 9 5 W� R(ti), ? 8 �-Y A6 �M�9 3
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�9 6 W� LGD = 23%, ? 9 9 7 W� H(ti) >:7 (37), L�:

PA6 = 0.0038×A6×exp(−0.0036−23%×0)+· · ·+1.0038×A6×exp(−0.0435−23%×0.004053) = 1.0015×A6.

�QW:? 9 9 9 W"? 5 9 8 W9 6 �. �-Y A6 ��, ��L�,S-Y��
��?7, �

? 5 9 8 W9 4�5�7�8 �;<.

5.4 <a`:E.&'��' FOU
!"���
���k4�-Y@N�����, �����H�������4�, c ���H

�M�����. %��, �"�, ���(� LGD = 0, !7 (39) �ES@��6" H(t) = 0.

5.4.1 <a.&'��OU
KFS��d�MY������7 0.2 $. !"d�MY L1 ���T�/e�d#�, 5�"H#

d\. ;�, ���%"eH�7�Æ DCL1 = 0.2 $. �QW"? 6 9 1 �9 7 W.

��, !"����MY L2 ∼ L5 %���T�/e�d#, �:�k�MY������/, %5�

"H#d\. ;���MY������%"eH�7. �Q�? 6 9 7 W9 2∼5 �;<.

5.4.2 <a. FOU
d�MY�:��)�: d�MY��T�/e�d#, ;�k�MY������/�:� c1, Æ

c1 = L1 + L1 × YL1 × t. ,�, L1  MY�:, YL1  MY$��, t  MY�7. D>? 6 9 1 ���>,

<DL� c1 = L1 + L1 × YL1 × t = 20000 + 20000× 0.35%× 0.2 = 20014 f].

d�MY L1 ���<D: ��;', ��MY�M�����, Æ LGD = 0, H(t) = 0. MY����

$����.A c1 = 20014f],? 69 1�9 4W� r = 0.35%,? 69 1�9 3W� t = 0.2$, LGD = 0

a H(t) = 0, >:7 (1) L�: PL1 = 20014× exp(− ∫ 0.2

0
0.35%dt) = 20014× exp(−0.35%× 0.2) = 20000.

�QW"? 6 9 8 W9 1 �. ��, ����MY L2 ∼ L5 %���T�/e�d#, �:�k�MY
������/, <D�Q�? 6 9 8 W9 2∼5 �;<.

5.5 Es`:E&'��' F.OU
!? 6 9 6 �, ��\0�� 3 $�\ L6. H�:���/ ti: S\�>_$d#�/, 3 $

d# 6 /, �? 10 9 2 W. J�:� ci: �� 5 ����1�fd#, �� 5 ���:� ci = 3.66%

×6000× 0.5 = 109.8 f], �? 10 9 3 W�� 5 �. ��T�� ti = 3 $�, ����Qd\��� L6,

e�5d���# zL6. � c6 =L6+zL6 = 6000+109.8=6109.8f], �? 10 9 3 W9 6 �. fS@$�

��� R(ti): ��;', ���V�\�M�����, \��Æ $����. !? 6 9 6 �9 4 W,

\ L6 �$���� ri = 3.66%. A ri = 3.66%, ? 10 9 2 W� ti >:7 (36), L� R(ti), �Q�? 10

9 4 W. g!"��"���H�����, \ L6 ����(� LGD = 0, S@��6" H(t) = 0.

0 10 to�4u L6 1��eUZ[lÆmfg
(1) ;� (2) =�89�A[ ti (�) (3) 7���	=�8 ci (g`) (4) ^_d?E;< R(ti)

1 0.5 109.8 0.0183

2 1 109.8 0.0366

· · · · · · · · · · · ·
6 3 6109.8 0.1098

A? 10 9 2 W� ti, ? 10 9 3 W� ci, ? 10 9 4 W� R(ti), LGD = 0, H(ti) = 0 >:7 (35), �:

DCL6 =
0.5 × 109.8× exp (−0.0183) + · · · + 3 × 6109.8× exp (−0.1098)

109.8 × exp (−0.0183) + · · · + 6109.8× exp (−0.1098)
= 2.85.

�QW"? 6 9 6 �9 7 W. A? 10 9 3 W� ci, ? 10 9 4 W� R(ti), LGD = 0, H(ti) = 0 >:7

(37), �\��: PL6 = 109.8 × exp(−0.0183) + · · · + 6109.8 × exp(−0.1098) = 5994.3, �QW"? 6 9 6

�9 8 W.

5.6 M���.?@Gv(
5.6.1 AJ<H.?@

A? 5 9 4 W�
�$�� YA1 ∼ YA10 >:��'�7 (25), L
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obj : max Z =
10∑

k=1

AkYAk =A2 × 1.62% + A3 × 0.72% + A4 × 4.60%+

A5 × 4.60% + A6 × 4.60% + A7 × 5.20% + A8 × 5.20%

(40)

7 (40) Æ M��Q��
���#(���'�.

5.6.2 &'��8BC9.?@
A? 5 9 8 W� PAk, ? 5 9 7 W� DCAk, ? 6 9 8 W� PLk, ? 6 9 7 W� DCLk >:7 (26), L

a∑
k=1

PAk × DCAk −
b∑

k=1

PLk × DCLk

=(A1 × 0 + A2 × 0.6809 + A3 × 0.6827 + · · · + 0.9936× A8 × 2.7824 + A9 × 0 + A10 × 0)

− (20000× 0.2+999.96× 0.25 + 12996.4× 0.5 + 7998.3× 1 + 5980.7× 3 + 5994.3× 2.85)

=0.6809A2 + 0.6827A3 + 0.0833A4 + 0.4958A5 + 0.9808A6 + 1.9192A7 + 2.7646A8 − 56133.7.

(41)

!"��"$7 (26)=0, �7 (41)=0, Æ

0.6809A2 + 0.6827A3 + 0.0833A4 + 0.4958A5 + 0.9808A6 + 1.9192A7 + 2.7646A8 − 56133.7 = 0. (42)

7 (42) Æ M��Q�������"$.

5.6.3 pqw%NC9.?@
D>Æ97 (27) # ����Q"$�? 11 �7 (43-1)∼(43-11) ;<, g(����e��f_�

%.
0 11 erx1yzs

;� �opg ;� �opg
1 ��bf A=100 000 g`:

∑10
k=1 Ak = 100000 (43-1) 7 [ZZEh�o:

∑8
k=4 Ak

/∑5
k=1 Lk ≤ 75% (43-7)

2 8;e	h[=�Eh�o: A1 ≥ 0.6% × ∑5
k=1 Lk (43-2) 8 �k�ZZEh�o:

∑8
k=7 Ak

/
L3 ≤ 120% (43-8)

3 f;e	h[=�Eh�o: A1 ≥ 1.5% × ∑5
k=1 Lk (43-3) 9 iBe�o: A9=1000 (43-9)

4 �B[Z[d�Eh�o: A2 = 16.5% × ∑5
k=1 Lk (43-4) 10 iBe�o: A10=500 (43-10)

5 dg�Eh�o: A1 + A3 ≥ 5% × ∑5
k=1 Lk (43-5) 11 >��o: Ai ≥0, i = 1, 2, · · · , 10 (43-11)

6 ��8;eEh�o:
∑6

k=1 Ak

/∑4
k=1 Lk ≥ 25% (43-6)

5.6.4 M�tu
�7 (40) �����. ��'�, �7 (42)  ������"$, �7 (43-1)∼(43-11)  ����

Q"$, # .�Kl#(, % C(�Æ A1, A2, · · · , A10, �Q�? 12 9 3 W� 10 �;<.

5.7 vl%*
5.7.1 vl��wvlJT

�#(: �"��6"������
���#(, �Æ9 5.6 J�# ���#(.

�P#(: H������"$: A7 (26) �� “���� DC” NO� “Macaulay�� MacD”, ,�
MacD �<D57�7 (3) ;<. J��'������Q"$: ���#(5�, ��'��7 (40)��

���Q"$�7 (43-1)∼(43-11). �P#(����Q A′
k �? 12 9 4 W� 10 �;<.

�P#(��#(�?I: ������"$�, �P#(#(;�����7 (3) <D� “Macaulay

�� MacD”, ��#(;�����7 (7) <D� “���� DC”.

�P�*: ����������(��P. �������������(, �d[��#(<D'
����Q&�!.'���������.

5.7.2 vltu
1) �#(�����Æ ΔV1. A7 (41) �"? 12 9 3 W� 10 �� A1 ∼ A10 >:7 (19), L�#(

1 �����Æ ΔV1 = 0, �? 12 9 3 W9 11 �. �#(�����Æ ΔV1 =0, d[$����H��,

����������, ��������������.

2) �P#(�����Æ ΔV2. A7 (41) �"? 12 9 4 W� 10 �� A′
1 ∼ A′

10 >:7 (19), L�#

( 2 �����Æ ΔV2 = 379491.37×Δy. ����M 1%, Æ Δy = −1% �, ΔV2 = 379491.37× (−1%) =
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−3794.91 f]. d[��>�M 1% �, �����( 3794.91 f], �? 12 9 4 W9 11 �. ,�(e�
N�
 (100000 f]) � 3.79%, �? 12 9 4 W9 12 �. ,�(e;0m�� (37000 f]) � 10.26%, �

? 12 9 4 W9 13 �.

�P�Q: ��������, �#(P�02&#(m!li����j������(. �#(�

�*)������, O>�������(. ��02&&�!*)������, �����i���

�������(.
0 12 ]gh13?-45.xy

(1) ;� (2) �� (3) m��	��jn Ak/g` (4) 7E��	��jn A′
k/g`

1 =� A1 342 342.00

2 [Z[d� A2 9405 9405.00

3 dg� A3 46003 46003.00

4 1 h��ZZ A4 34235.22 34011.16

5 6 h��ZZ A5 290.23 0.00

6 1 ��ZZ A6 1024.56 1538.84

7 2 ��ZZ A7 6604.90 7200.00

8 3 ��ZZ A8 595.10 0.00

9 iB�� A9 1000 1000.00

10 ^i�� A10 500 500.00

11 fg{z 1%bgh{|n.| ΔV 0 −3794.91

12 g?k3lmojn��	E4 0 3.79%

13 g?k3lmoq@p9h	E4 0 10.26%

6 }~

6.1 }�t"
1) ���7����'�, �7���P�����9��'�, &���<iAI����.

2) ����������, �2&# �������"$ (�#() ��*)������, O>�
������(. ��� Macaulay ����"$ (�P#() ����, &�!*)������, ���

��i����������(.

6.2 }�q~
1) D>��E����:�E���������, &%��6"����(�)��
����

:������9�, &%3����9��7���� Macaulay � ����#(�:���J", �

#&��AI��������������*"#(. �4�Æ, ���7����'�, �7���P
�����9��'�, &���<iAI����.

2) &%��AI��������������, E<����ED������� . &%����

ED 0 ���"$, # ��.'�����������
��#(. *�& Macaulay � ����

���"$��"������0'4�ÆM������������ �oE.

3) D> Cox !G�M$)#(, &%��6" �*��6"�@N�H��&-�K@�JD, �

���-Yr�����>) �M�/:�, B�'���/;�M���6", )�&���/;Æ�

����9�, *�&�02&�������0'����9��.�/�����(.
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