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PIMCO Client Conference % & = & 94— % » A 148 5 "Evolution or

LR ELE P

F_&

Revolution - The Future of Investing > 2 & p e
ARDFTAFEEZ > T HRITPEFTRELSAF B g HEF
Portable Alpha Strategies > % 3 "PIMCO Cash Machine ; 2 #£:7Managing
Director » Mr. Changhong Zhu > % % f]5 & R peif (Curve Fitting) % H
N RN EER A L

AETHLTRCERRET LT TR AFI R ALT IR R
FOOTECE o R R R RAFEENR F R 2 FREFE Y 25 Rp

30k T B%¥ - £ Excel § 7% A2 Cubic-Spline Fitting’ > § A7 p #

e

R SR SFUBEAE S ALY Mg A F FHRFTLRY o fg T
@2 Tl SME RIS Mo BT R ApEE E S 447 (Relative
Value Trading Analysis)~ & 57| 5 & 4 {4 (Riding on the Curve Strategy

)& FET LA AR R



5,

~ JiF ¥ smpeig (Curve Fitting) = 2

peif S k4 R
Af| 5 d & (yield curve) ik G X 3[Hpp > #RdF5 DY F (yield

to maturity) & » #rEE I - ERFREFR 2 2R (irregular interval)

~ P s BT R A (discrete-time) fhd Ao 3 L F|H P AR - B RAPR
i Ea s o BLR (M) PF X AP FRS (M) Al £ Lok
(coupon effect) B> #re 7 P FTHPFALL A WE >3t izie

PEEE B B PR 2 X LA U DI P BIERER A - 2R Ft o A
FIF R BRE ST HF &7 6 RRAAERZ PP F7 &5 i)

R A S ER AR (W E RS FAERES G ) A %

SRR HLR ST RS- FERETARR (
regular interval )~ ¥ % @2 § P& 4] (continuous-time) =¥ 43 & A (
spot curve or zero-coupon curve) i & F ¥ FAE AR Y £ & A A1 0¥
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Spline-based » /2 » B & R 7E| 5% 2 #i: -

N IER R PR s
IIPES F=X el
£* g2
Interpolation Linear Interpolation (& {+p %)
QIESED! Logarithmic Interpolation (#}5 BN £)
Polynomial F-order Polynomial Function:
Model

(53E52)

Vi =a+ BN; + BoNZ +-+-+ BN + ¢, for the i-th bond
Regression Method:

P =B1Cii + BoCyhi +--+ fr (CTi + F)+ &j , for the i-th bond with dirty price P

Spline Method  |Cubic Spline —
McCullough (1975) uses regression splines to reduce the discount rate
fluctuation. The effectiveness of the cubic spline discount curve is evaluated
N A 2
by miminizingZ(Pi ~P(s )) , where 0 represents discount function.
i=1
Fisher, Nychka and Zervos (1995) is a smoothed cubic spline, which miminizes
N
Z(P, ~P(f ))2 +/1J-OT [f ' (S)]2 ds, where A is a constant. The value of A is
i=1
determined by generalized cross-validation (GCV).
Waggoner (1997) is a modified smoothed cubic spline, which miminizes
N
Z(Pi —P(f ))2 + .[OT /’t(s)[f ' (S)]2 ds, where f”(s) is the second derivative of]
i=1
the fitted forward curve and T is the maturity of the longest-dated bond. The
term A (S) is the “variable roughness penalty (VRP)”, where
0.1 0<t<lyr
At)=1100 1<t<10 yr.
100,000 10<t
Exponential Spline —Vasicek and Fong (1982)
Basis spline (B spline) — Shea (1985)
[ 1. More flexible functions.




2. Fitting various shapes of yield curve better with smaller RMSEs.

i Bt Need subjective judgement on the number of knot points. (There may be objective
ways to decide the optimal number of knot points, see Ramaswamy, S. (Aug 2000),
BIS Banking Papers, No. 4)

A i

Nelson and Parsimonious exponential specification of discount factors. The forward rate is

Siegel (1987) T

f(T)=5y+5 exp( J+ /3’2[ jexp{ j , where T is the maturity, and
[ 71 71

B=By.B1.5B2.71) is the vector of parameters describing the curve. The spot

curveis r(T)= By +(B +f2) - (l exp( I]]—ﬂz exp(%}

Svensson (1995) |Extend the Nelson and Siegel (1987) model by:

f(m,/?) Lo + 5 exp[ J+ﬂ2( jexp{ j+,[)’3[ ]exp[_m}and
t) t) f t 1)

p= (,BO B, B, B, tz) is the vector of parameters describing the curve.
1.
2.

[ Fewer parameters need to be estimated.

Jordan and Mansi (2000): the user is not required to specify knot points, the
choice of which determines the effectiveness of cubic spline curves.

i gk 1. Jordan and Mansi (2000): inferior fitting and less flexible than spline-based

curves. Usually, the fit is inaccurate at the very short (below 6m) end and the

long end.
2. Anderson and Sleath (1999): the paramatric method exhibits a significant

difference to the observed curve. A cubic spline-based fitted curve such as that

proposed by Waggoner (1997) produces a more realistic curve.

TR kR g

Foo o~ AR FOTH e 2

<7 fieif > i SRV o
Belgium Svensson (1995) or Nelson-Siegel (1987) Couple of days ~ 16 years
Canada Merrill Lynch Exponential Spline 3 months ~ 30 years
Finland Nelson-Siegel (1987) 1 ~ 12 years
France Svensson (1995) or Up to 10 years
Germany Svensson (1995) 1 ~ 10 years
Italy Nelson-Siegel (1987) Up to 30 years
Japan Smoothing Splines 1 ~ 10 years




Norway Svensson (1995) Up to 10 years

Spain Svensson (1995) Up to 10 years
(Nelson-Siegel (1987) before 1995)

Sweden Smoothing Splines and Svensson (1995) Up to 10 years

Switzerland  |Svensson (1995) 1 ~ 30 years

UK Waggoner (1997)’s Cubic Spline with VRP Up to 30 years
(Svensson (1995) between 1982/01 and 1998/04)

US Smoothing Splines 1 ~ 10 years

7R &k L BIS (Oct 2005), “Zero-coupon yield curves: technical documentation.” BIS Papers No
25.



= ~ Cubic-Spline Fitting J 32

4B i A AR TS AR Y 32 $4 Cubic-Spline Fitting
Method > # & 4 % # feig B I2 - McCullough (1975) #-3/#w g (F) % 100
X2 F KB EE AT
P=CD, +CD, +CD; +...+ (C + F)D; » (1)
APPSR R -CEEL DG ERLPZITRESF t=1,.,T> * D=
1/(1+R) > @ Rep 4> & H 4P 2 TP lF o« BakiTmadcs - E g

R (P pASE o SFRFIT AR ) T s T o @ henw (5 0Bl

) B A E b IS #T 1= FE F 58 5% (third-order polynomial ) # i
4T
D(t) = by + byt + byt* + bst* - 2)

BY oDy, b, by by i it Flpt o 38 (1) BERRT:2H A
.
=2.Ct)D(t) - 3)
=1
Bl (2) BrsY () 7R

P= C(t)(bo + blt + b2t2 + b3t3) ’ (4)

M—|

t=1

Bl (4) £R7HER

p :bo{gc(t)} +bl{gtc(t)} +b{gtzc(t)}+b{gt3C(t)} , )

F(B) PRAPNAMRENE - FEOEBHLP B ROE L e R
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MULTIPLE HISTORICAL CURVES il - & Page 1/2
# 1: OM-OFF THE RUM GOUT # 2: OM-0FF THE RUH GOUT # 3: OM-OFF THE RUMW GOUT # 4: OH-0FF THE RUH GOUT
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v/,?c#ﬂ Do REEEEQI S Ae S #c] B0 4 & 2 (knot point) 2 iE

AP Bkt B ST 4§ F 0 McCullough (1975) 1 3 4 & gk2

B #cx) %t F % 4 BT = 43 (/No.of Bonds ) > Fisher et.al. (1995) &
Waggoner (1997) RIA R G F*F X L #een 1/3> TG E 5 FEP 277 i
AAHApE c H=x o BEAR L S o Bifeif o e EAe k2 FiEd ARiv g R4FT
Ao KT KGR AR A B > F AR AR AR £ 15K E( Level

)~ £ % (slope) s 224 B (curvature) v 9 4pid » 2% &R b if= ig i
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# kgl

48] T > ;2 (Restricted Least Squares » RLS) B3t & ®E PN 2. %8
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= ~ Cubic-Spline Fitting 2. Excel ¢ i%
A& T - £ Excel %8 » ¢ Cubic-Spline Fitting > ¥ # %t & B2 i
BRI HG ~ JISF % > & p e P {15 & (spot curve) &g 1

Zd & (forward curve)  HIF A 47
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(-)G3 2

% = Panel A X Panel C 5 2009 # 77 16 p #4151 £ 2 Mo ~42 4
MR F B2 3L ERGF orpesg D end X 8 {5 Bl = Panel A T Panel
CRIA B Blw & RAFd & FHJ|Fd s~ 5 2] EHRPJIFE R
(1Y1Y forward curve) e

d Bl= Panel CER G TH 5o M+ 5 I Spef 5 - PEG ugf
FHEAGEZERTONFIRAT ZT R X R AaFAFS R
FAAAEPFORERFIAPMED 2 F X - L 5 1972/01/26 3 7143 & I
% BEFIH P 5.03# > LEFT.700% B $113.243 U5 5 4.94% > v
Btk g ih g (FAREE N I 51% 5 ¥ - & 2 1978/06/15 3 (739 & H % §EF
Bp 841 & LEF 12k % H$138.879 A A5 5 6.18% > i il At ARgE b
FEARETFI2% (LA = Panel C—(1))e F& g8 a L 4% BIfeg Il en
T FH R H~10 EHINPE LIRS F5la FHe > %’:}ﬁ%tbﬁi%
s e ATl AN A RS o ANF FEE YR S AR B

AP B S A AL P ERSRE (L4 2 Panel C—(2))-
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Panel A~ % B2 & T8 )5

7/16/2009 Mature DT  CPN Dirty Px Obs Yld| Maturity DF Spot Rate

D(t) = bO+b 1 *t+b2*t"2+b3*t"3
1 |912828DZ Govt  7/15/2010  3.875 103.412  0.46% 1.00 0.9965 0.35%
49 [912828LB Govt  7/15/2012  1.500 99.860 1.59% 3.00 0.9529 1.62%
81 |[912828KY Govt  6/30/2014  2.625 100.848  2.51% 4.96 0.8810 2.57%
82 |[912828CT Govt  8/15/2014  4.250 110.113  2.53% 5.08 0.8759 2.63%
117 |912828KQ Govt  5/15/2019  3.125 96.832 3.61% 9.83 0.6742 4.05%
118 |912810ED Govt  8/15/2019  8.125 139.755  3.79% 10.08 0.6638 4.11%
142 |912810F) Govt 8/15/2029  6.125 124.759  4.47% 20.08 0.3819 4.85%
151 [912810QB Govt  5/15/2039  4.250 97.181 4.49% 29.83 0.2495 4.71%

Panel B~ 48 B = f 8 1%

7/16/2009 Mature DT CPN Dirty Px Obs YId [ Maturity DF Spot Rate

D(t) = b0+b1*t+b2*t"2+b3*t"3
1 |EH535484 Corp  9/10/2010  4.000  107.006 0.83% 1.15 0.9960 0.35%
21 |ED698221 Corp  1/4/2015 3.750  107.509 2.64% 5.47 0.8711 2.54%
32 |EHS826226 Corp  7/4/2019 3.500  101.580 3.37% 9.97 0.7025 3.57%
33 |GG718242 Corp  1/4/2024 6.250  128.200 3.95% 14.47 0.5546 4.12%
37 |[EC215301 Corp 1/4/2030 6.250  130.240 4.25% 20.47 0.4043 4.47%
42 |[EH469710 Corp  7/4/2040 4.750  111.281 4.11% 30.97 0.2831 4.12%

Panel C~ &R = & ¥ 415

(1) 7/16/2009 Mature DT  CPN Dirty Px Obs Yld | Maturity DF Spot Rate
D(t) = b0+b1*t+b2*t"2+b3*t"3
1 |GG718322 Corp 11/25/2010  6.25 108.167 0.86% 1.36 0.9875 0.93%
10 [EC624721 Corp 9/7/2014 5.00 111.851 2.88% 5.14 0.8214 3.86%
11 127202100 Corp 1/26/2015 7.75 113.243 4.94% 5.53 0.8044 3.97%
12 |ED153094 Corp 9/7/2015 4.75 110.995 3.08% 6.14 0.7796 4.09%
15 |GG712874 Corp  8/25/2017 8.75 140.193 3.50% 8.11 0.7132 4.21%
16 (27202101 Corp  12/12/2017  12.00 138.879 6.18% 8.41 0.7045 4.21%
17 |EG456904 Corp 3/7/2018 5.00 112.784 3.51% 8.64 0.6978 4.21%
19 |EH887630 Corp 9/7/2019 3.75 98.501 3.94% 10.14 0.6565 4.19%
25 |GG737572 Corp  12/7/2028 6.00 122.339 4.34% 19.39 0.4225 4.49%
28 |EH867755 Corp 9/7/2034 4.50 100.782 4.47% 25.14 0.3114 4.69%
31 |EH736811 Corp 9/7/2039 4.25 98.133 4.46% 30.14 0.2472 4.69%
35 |ED946246 Corp  12/7/2055 4.25 97.080 4.42% 46.39 0.1265 4.51%
5 7/16/2009 Mature DT CPN  Dirty Px Obs Yld [ Maturity DF Spot Rate
2 D(t) = bO+b1*t+b2*t"2+b3*t"3
1 |GG718322 Corp 11/25/2010  6.25 108.167 0.86% 1.36 0.9817 1.36%
10 |EC624721 Corp 9/7/2014 5.00 111.851 2.88% 5.14 0.8564 3.04%
17 |EH887630 Corp 9/7/2019 3.75 98.501 3.94% 10.14 0.6673 4.03%
26 |EH867755 Corp 9/7/2034 4.50 100.782 4.47% 25.14 0.3096 4.72%
33 |ED946246 Corp  12/7/2055 4.25 97.080 4.42% 46.39 0.1262 4.51%

11
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Panel A~ % F = if w5 &R
2009/07/16 US Curves
7.0% S .
[ ]
g‘gzﬁ) : o’ ’ e ° °
4.00/0 . “m ww“c::.: .mhﬁ + Yield
. 0 [ ]
30% ] . °er + Spot Rate
2.0% 1 o * 1Y1Y Fwd
1.0% -
0.0% T T T T T
0 5 10 15 20 25 30
Maturity (years)
Panel B~ 4B = & 8 )5 & s
2009/07/16 GE Curves
6.0%
5.0% - .o............°o.
4.0% - ot ottt 2 L vid
o v
3.0% 7 . o“"’“ ‘e + Spot Rate
2.0% - .
O 2 ' o 1Y1Y Fwd
1.0% -
0.0% T T T T T
0 5 10 15 20 25 30
Maturity (years)
Panel C~ &R« & i f5 ¢ @
2009/07/16 UK Curves
7.0%
28:3)7 ... A ..........
. 7] A o ® o R
4_002 i ¢ "e.o‘h.” 3¢ e 22 2 T T s Yield
3.0% 1 o ::‘A wr * Spot Rate
2.0% - }.{ o 1Y1Y Fwd
1.0% 1 |
0.0% T T T T T
0 5 10 15 20 25 30
Maturity (years)
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(=) B R & {5 23
Ble & peig dienZ B4 G (Fannie Mae ~ Freddie Mac) < #p 13 & &

' BT 5 F WIF L4 (Interest Rate Swap) T #p fi5 o 4 o

We % R HEG T8 {15 R

2009/07/16 FNMA Curves
7.0%
6.0% - . . .
5.0% - . :
p O‘% 1 o s ® s Yield
: ° A < b Aa Ak ° + Spot Rat
3.0% - s t 2 pot Rate
2.0% 1 o g tt®F * 1Y1Y Fwd
1.0% 4 _ae*®
0.0% T T T T
0 2 4 6 8 10
Maturity (years)
2009/07/16 FHLMC Curves
7.0%
6.0% - o o o
283;0 2 . ¢ o s Yield
.0% -
3.00/: . o at e 2 reeet * Spot Rate
2.0% - o et ® * 1Y1Y Fwd
1.0% | gmwe®*
0.0% ‘ ‘ ‘ ‘
0 2 4 6 8 10
Maturity (years)
BT~ 2RIIFAHTHIF S &
2007/06/30 US Swap Curve
5.0% e E
4.0% r ©
2 * %
3.0% | . ‘..x“"‘ A Yield
. o . * & ¢ Spot Rate
2.0% 1 P » 1Y1Y Fwd
1.0% & & s *
0.0%
0 2 4 6 8 10
Maturity (years)
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B X o A FARR R F EDL LTS ’ # 40 b T AR A
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1% (R) PI#F E iRl & » R X EHE S § 2 PP S - 7

FEORFTHFF (R-R) 24k > THIF L& ¥ &0 ERFERT

;Z\‘\
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i
e
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e

# & (investment horizon) & & ¥ sk TRV 5 >
Fo 2 RELRERE S RFEappERE -

S EHHFLFETR N0 AN FEE E TS FL T F
g Sz AT S (Y) § MR AP TP IS (R 2§ fl5d
RAREN (L) P B FEOITHAFARS () T2 &g
FEAIP TR F o R Ak AP F A AAHG ES TR R g
AAF om AR JIEF o 4 awp A TRARHG E -

Bl A7 G3 o GAFd R e snFet B (Fp42)

M0 EH R A b ERAEIF L3 9% R E G F 3.61%% ) 33 bps
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q RS e T H S kg o SRS e E X 2 bps 0 vEL 2 bps A F
B FIEGEROG2FS L FEDEPp vy LAZE > #2010 &8

BTG > T AR N E G FRE GEP I8 bpse BT 1 E

2009/07/16 Yield Curves
5%
et o]
US
3% - ¢
2o | = GE
e UK
1% -
0% T T T T T
0 5 10 15 20 25 30
Maturity (years)

2w ~G3 ARG B S A

Maturity | Coupon | Yield | Spot Rate | Maturity | Adjusted
(years) (years) | Spot Rate
UK 10.14 3.750% | 3.94% 4.03% 10 4.01%
UsS 9.83 3.125% | 3.61% 4.05% 10 4.09%
Difft. (bps) 33 -2 -8
UK 5.14 5.00% | 2.88% 3.04% 5 2.99%
US 5.08 4.25% | 2.53% 2.63% 5 2.59%
Dift. (bps) 35 41 40
UK 1.36 6.250% | 0.86% 1.36% 1 1.15%
US 1.00 3.875% | 0.46% 0.35% 1 0.35%
Diff. (bps) 40 101 80

15
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B - Panel A &7t 2009/07/16 feig 2 G3 = & wHH fI 5 & & > Panel B &

A F AL

Bl- ~G3 = FApEH B2 5 447

Panel A~G3 =& i fi 5 & &

2009/07/16 Spot Curves
5% - _‘-?o-o‘ o 2 o g
4% - = =
39 - + US
2% = GE
? e UK
1%
O% T T T T T
0 5 10 15 20 25 30
Maturity (years)
/\ [ 3
Panel B~G3 =& & 141 L
2009/07/16 Spot Spreads
bps
100
50
o —a— GE-US
—— UK-US
-50
-100
(0] 5 10 15 20 25 30
Maturity (years)
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W EFZTHfIFa 3 v BAT R 5 EHPHTERGF R EF ) Y
BiEe o

EEARPE - PiEApEE EE > WEHE - R (2009/07/16) & 17
BRIV RN R T s AR T RABBE TSI L L R R
SETREAHPEEI 25T o i | EHEFHEEFIHFHL
80 bps 2 5] F B w80 bp JIZZ+x 3 Y THE » Pv 27 TE®

FrpE G HEELE  FLR] > vRELTIBE ) T

(Z) *RPHEFAAHHEL S 247
Bl ~ &2 % B Fannie Mae # Freddie Mac #$#f 2 T8 {15 ¢ s {1 L
' Fannie Mae f % &3 & 8.5 ## %4 & Freddie Mac E Ap ¥ty & » # ¢ x

53 6.0 EHETHAFALE X > 18 bps e

B~ ZRBHERPHEER S 247

2009/07/17 Agency Debt Spot Curves

6% 50

5% ]

ol 25 )
3% 10 &
2%

o | -25
0% T T T T T T T T T ‘50

0 1 2 3 4 5 6 7 8 9 10
Maturity (years)

¢ FNMA s FHLMC —o— FNMA-FHLMC (bps)

17



() $EFTA L HAHY EAH
B4 BT 2 R HEFe sk 5 e &g {14 > 7 Fannie Mae
FEREfxHz LT 48 (7)) T 7 [Sell FNMA ~ Receive
Swap, FARFE ~He x|l e LppEpE ;b8 (g)nrvieiF '

Buy FNMA ~Pay Swap, FA 24 » HP x n T -8 EHEE T E -

CRRNESSE S S E TR

US Asset Swap

¢ FNMA
s FHLMC
A Swap
FNMA-Swap
—— FHLMC-Swap

1 2 3 4 5 6 7 8 9
Maturity (years)

Maturity|| FNMA FHLMC  Swap FNMA-Swap FHLMC-Swap
(years) || SptRt  SptRt  SptRt (bps) (bps)
1 0.40% 0.72%  0.88% -49 -16
2 1.16%  1.25%  1.54% -38 -29
3 1.87%  1.82%  2.17% -30 -35
4 2.53%  240%  2.66% -12 -25
5 3.11%  295%  3.02% 9 -8
6 3.58%  3.41%  3.30% 28 11
7 391%  3.76%  3.51% 40 25
8 4.06%  3.98%  3.67% 40 31
9 4.01% 4.04%  3.79% 22 25
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= FBEERIFE AR

SERIESEIERE T G R PSSR E IR

=

Ro(2) —

Ro(1) —

| | | |
| | | |
0+ fo0.1 —> | +——— f(12 —> 5 +—— f23 —> ;3

fo(1, 3) >

A

(1+ Ry (1)) *(1+ fo(t,t + At))=(1+ R, (t+ AL)™, t=1,..,T —At >
maEga] Bd @ fisd & (1Y1Y Forward Curve) 3 & o
$1# (t=1) hl &8 (At=1) gl :

fo(1,2) = (1 +Re(2))* / (1 + Ry(1)) -1 >

$2# (1=2) thl &8 (At=1) gl :

fo(2,3)=(1 +Ro(3))’ / (1 + Ry(2))*- 1> ... »

Rptdpde > R RGP IFN R SFLRBL o

B>~ G3 2 {15 &

2009/07/16 1Y1Y Forward Curves
7%
6%’ * ..... ‘ L 4
504 ‘;'..----u '2'.-'8‘0. .
om ®e - S e ¢ US
4% i- ’0..0‘- = GE
[ J
ol L “ . e UK
2% -
1% -
O% L T T T T T 1
0 5 10 15 20 25 30
Maturity (years)
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BHFFREDFHFRARPFAF DD

fo(t,t+At)=E,[R,(At)] -

w4 fy(1, 2) = E[R1(1)] » (2, 3) = Eg[Ry(1)] > ... » iR pt &g 3 > Bl L @ % B 1Y1Y
BE A ML b AR AL T -3 & B ks 28~30 & H - fy(2,3)
FHIFH28 R AP FARE AR 22T S 3 En] E WP F 5 2.8%
LT IENERAG B B OFRI 22Dl ERF SRR F R
TR 2.8% ¥ MEFT AIE R I £(29, 30):EH 159 6.8% 0 &4k
FARGAAF 29 #1530 &0 ] EHEPF 5 6.8% RAsEF 0P 2
Raf  F- 2R ® 2088 1 # AR v a5 6.8% > #3
HEFAPE T RAvEEIEHE 0P ERaG - T8F5 - &
SofeFAJE o 2§ iedF (buy and hold) g8 5 o &+ AL 5 ovg & B o

2

5 ERAT AT ARG ERED RS R

2

EEARDE RPPIFF R FHARJFPIFH > F =I5 6 RE R

fo B E O BA R A F T L AR R AR TSNS o KL b R

fol(1,3):2 I FETFEN 1 e 2 2 TH A5 T f(1,3)=Ry(2) ? R ten

fo(1,30):& 8 1 5 87 %0 1 &156n29 £ T 9] 5 > fy(1,30) =Ry (29) ? £ R

b 3EH (0 &EY) FROGF - E2 s 2&Y (29 #H) flF2te
TEOOE A A R F AL

o RHHFETLARTHANNF A BEFELLFHERNE

- P BERRFTEASFT A A (E IVEJFE";} Fod MK eE mf}‘s}_ﬁ”ﬁ 5x o
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f 5’\@ »ﬁ Pk J?,';Vvljxiif‘mfé?ﬁﬁ B 50 pL 2R T 7 7L s ;M)# . ﬁ'{lé’- ¢ 11 Nelson

and Siegel (1987) Fitting Method % 2. » § i kg E

2 BREARFE I »
AP TIRLFEEFEF L S Mpeig >z T EF - £ Excel § 174K
# ¢ Cubic-Spline Fitting  » @ 27 p F @& * o JIFd MAef ik php
KFREFI G Fd &7 > FO T Fd RBEBH T8 R R A
FEHLFTAIT > AFLUB RIS A EAAHEG E S (Relative Value
Trading) ¥ % 4|3 # s ¥ (Riding on the Curve Strategy) °
AT Y WA R - % i (cross-sectional ) U5 Hp B 2R 4 0 i pE
(snapshot) Ap B Wt 2 B iath g » FEJETD > F R UERF A7 (
time-series) FH# A 47 > it 2 2 % (robustness test) > M 2|¥r 3 F &

ERETAPH G B E o A FHEE SIS MR PR RS E L R
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4k ~ T4 E] T 22 (Restricted Least Squares ’ RLS)
FE B T2 (OLS) 3+ R2gAgY L e wfFsiay

AR S N AaE s B 58 (D) TR S Ui BT

P=X*B > (A1)

He P 24 G %2458+ 5-[n*l]EL n 36 %48k X =
T T T T

quo} ) Trch)| {zfc(t)ﬂ CRARERE > b - [nHape
t=1 t=1 t=1 t=1

B =[by, by, b, b] » 5 [4%1]2 & &3+ S lcmd 3 Bl 3 f8c7 d T s)ELiE

é:(x'x)_lx'P : (A2)

ETR
=
1
T
»

ol Bt o e A A k2 BOEE W AR iRGE TR 1Y

+E
~
3
wH
*g.',\:
#
i
A
N

o B s Lokl § (level continuous) > — F#
& i 4§ ( first-derivative continuous ) ~ ¥ = FF fic & @ F (
second-derivative continuous) = % & » 11 1F X jFE ko F REA IR M
B g 82 A R ok (level )~ £ % (slope)~ 24 & (curvature)
RRARE o T ARt 2 2 R EEAR

B @i (2) 3rmadic D) =bh+bit+ bt +bst’ » EEiEw SV S S
(Ko) B2 £58p (K) PR3 =ZB288 K K Kyo #d 84 iw
EOoRF I (j=1,2,3) 22 57T B

Di(K ) = bgj + byK; + byiKi* + b3K;® » (A3)
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3¢ (A3) Po— Fgiles & = Pl
D'j(Kj) = by + 2byKjt 305K -
D'i(K)) = 2by; + 6b3K;

Bl j B dp il j+] ) BT s K2 Z 15 5

S e 4 ¢ Dy(K) = Dy (K (A4-1)
- FeteA @ Dy(K) = Djn(K)) - (A4-2)
= FEBeA B8 D Dy(K) =D (K (A4-3)

FO(M) AR FRISECER LT M GRS

bo; + by;Kj + szsz + bstj3 = Dbgji1 + 0y Kj+ b2j+1Kj2 + b3j+1Kj3 ’ (A5-1)
blj + ZijKj + 3b3jKj2 = b1j+1 + 2b2j+1Kj+ 3b3j+1Kj2 ’ (A5'2)
2b2j + 6b3jKj = 2b2j+1 + 6b3j+1Kj ’ (A5'3)

et B SN G - R ERERE PP FEIITRAF L

bor=1 ¢ (A5-4)
Flpt o s E g 3B (K=3) & RE G R L= BiFEafymT

BERF 108 (r=K*3+1) W[ a aF ks 4B (FK+1)~ 5%

R 2R3 4B 38aFERT > RE2RIEFI6H (=K+1)*4) ¥ #

T2 Sl UHIN G - [ F (KHD)*)|2 4B o B2 3 ST N v ae

S U E e T

r=R*B: (A6)

B or R A[10*%1]2- 241 & - R % £ [10%16]2. S8 IF|8 4L » B 2 £ [16%1]
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2o FmSEEE s PN (A6) ¢ A2 e F hoT o

1K -K2K? 1T K KEPK? 0000 0 0 0 0

0 0 0 0 -1 -Kh-KP-KS 1 Ky K2 K2 0 0 0 0

0 0 0 0 0 0 0 0 -1 -K;-K%2-K° 1 K; K2 K

0 -1 2K;-3K2 0 1 2K,3K2 0 0 0O 0 0 0 0 0
e |0 0 0 0 0 - 2K,-3K 0 1 2K, 3K2 0 0 0 0
10 0 0 0 0 0 0 0 0 -1 -2Ky-3Ky2 0 1 2K;3Ks?

0 0 2 6K, 0 0 2 6Kk, 0 0 O O O O O O

0O 0 0 0 0 0 -2 6Ky 0 0 2 6K, 0 0 0 0

O 0 0 0 0 0O 0 0 0 0 -2 6Ky 0 0 2 6K,

1 0 0 0 O O O O O O O O 0 O0 0 O

b01 0

b11 0

b21 0

b31 0

b()z 0

b12 0

b22 0

b32 0
B= b |~ "o |

b13 0

b23 0

b33 0

b04 0

b14 0

b24 0

b4 1

Flfe 3 Sl I 0 Fal o] T2 (OLS) &2 b » ¥ Uk
] &> % (Restricted Least Squares > RLS) > &3+ 2 SAF RIL » F 4 5 %
FEF g B (A1) P=X*B ¥ 2 e Sdc
A ' _1 '
B=(XX] XP>
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Pt EE';‘ ’ é 7:1 [16*1]—1 E?‘li;—v %;QJ@Z'/*EKE- ’ [b()j, blja sz, b3j] ’ j = 1, ceey K+1 ;P fé [n*l]

2 B % 7z LW K wEL ;5 X L[n*l6] 2 R & v & &L

t=1 t=1

Hic(t)}j[itc(t)}j,{it%(t)}j{iﬁc(t)u =1, L, Kile B0 f e

A A V — Y V — V 1 A

8. =B+ [xx)'R [rxx ) 'R ] (- rE) - (A7)
B U ehE SIS TR S E o P FREEITRF]F LM

Dj(t) = b()j =+ bljt + sztz + b3jt3 ’ j = 1, ceey K+1 » ;i‘l‘m ;'-‘% AL

by, + bt + by t* +b,t°, forall cash flows where K, <t <K,
by, + bt +b,t7 + byt for all cash flows where K, <t <K,
by, + bt +byt? +byt,  for all cash flows where K, <t < K,
by + byt +byt? + byt forall cash flows where K, <t <K,

(A8)

D(t)

ARG ARG W AR Y DE BT
—%—@]:K():l‘K1:5‘K2:10‘K3:15‘K4:30’
?ﬁ&@]:KOZI‘K1:5‘K2:10‘K3:30’

Eﬁ] . K():l‘K1:5‘K2:10‘K3:25‘K4:50°
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