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Abstract

Index tracking is a passive management method that is sought after by a large number of investors
due to its low risk and low cost, and its goal is to minimize tracking errors. In this paper, the index
tracking of the SSE 180 Index is carried out by a partially replicated strategy, and the root mean
square error is used as the measurement standard. The index is tracked using a well-performing
two-step estimation method, the first step using the elastic net for variable selection, and the second
step considering the robustness of the model using quantile regression to determine the coeffi-
cients. Empirical analysis results show that the two-step estimation method is superior to the sin-
gle-step method, and the two-step estimation based on quantile regression is the best, so this model
can be used for exponential tracking.
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1. 5|15
1.1. ARER

EHTHEN— N EERRTRSE, —HURZAREREZWEEMNEZ, RSN T &
VTV Axmha A B S AT LA N RS T AN s B S, RO TR M R e
THE (U ZEFE ) 1 (BT, BER 8 REME HERR TOIE 25 T 34 I E 1], 7 #ER AL IS N B H DASRAS s @)
W, TR R IR FHIMERIBATE T, R A R AE ) A B 3 FH O HL 3 34 3 KU R
B 245 5 002 DA BSC 2 A RS B R HE R R AT #E 0, AR T 3 B0 B /N AR LIS, TR 4k
B (index tracking) 1E /& —FhiAAT B sh 4% % .

FRHOE R AR 4R 202 il (index replication), 75 2 M Fi £l 5 4 52 1 I S8 18 7 44 HE — o SRS JEAT
PP C, SR BRI, T AR BRT H AR BT AU RS - FE BUE ER AT RLA D 5e 4 B (Full replication)
F 43 5 il (partial replication), 54 & il B SR 0% 1f F FR Bth M BT A ISR E I 0 3R I, JB R AL
FARLE, (A MF8E R B E R 2 0, R AR S B A ARG 77, AT VAN . TR o S ) R s R HR 4
b FLAR 50 i SR A AR AT B — N LU RO R B ER ORI BB I OGN bR, BRI AR SR A
3 S ) SR SR AT R FiE U 1%

X R R EOBER 7 ARy 1) BeSRikss, RUMIREOh ik AR B S, 5 T 20 1
FE T AT B SR 2) AUEfE, ROTELE HRAVIX LI b AT 85 P2 e, B R S 2 /0 Lo gl it
THBE . SRR B A A R M A AR AR S AR, S AR DG

12. HRHER

AR B LA 2 S R JE AR, AN 2 528 FHURIE AR oL 38 2% ST RNUR FE 2 2] 7 iR R a4k
IBEFHHTHE L. 2020 47, Kim E[116E IR B shgmtdas S A shdmid it RIE PSS, s i S RUE
(1 SRR A E R . 2021 4, Kwak 5 [2]45 215 2 — /N ABE N B4 M AR R, 4 H— P[] e g 7
TERMNBIP A N 28 RIEATIRROEER, 5 RZHUE RN S RGBT A, A AT 0 7 v
A CAHEAT I SR B AR E A 2 . 2022 4, Bradrania %5355 FEAN [H] (1 T 3RS AN R b ofe, 32—
FhIE T TR I E k8 7 1. 2022 4, Cao Z5[414f FHBEN AR MR BT I 2 i 4%, FEH %R T 2 H it
LRV U A TRt AR

2014 4, Lan Z[5]48 I AE 97 lasso JRIEEE)IE 300 (CSI300)f54k, 432 HAXAE FHAE 1 lasso ik
SRS AR S N IR AR TR A AP A T, 7R STUERF S RIS A T B BRSO B . 2014 4F,
Lan Z5[6]4 F Al 75 0 SR 2 i 300 F8 50 _E1IE 180 (SSE180) 6%, FHIEM] T8 MIAR ik % — 2k,
TP A FH Al S i ek o SR 43 5 SRR P AR B e/ IR RAG TR E R A 1, RILFTE A TR
bb B B8 A R fsf b I 4F . 2016 4 Yuehan Z5[71# F A 67 H & B lasso F13E 6 H &N lasso fnEE ffk /I —

N
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T Al T SRAB R IR 300 FE Ak, HA i LS MR FH S Ly S I AN [ A R B

2021 4, Ning Z¢[8]45 A HIERL Ly 7 DA Ly 7 T2 th AR5 & s PE X SR IB BRI IR 300 $8%k, 1iF B
T A A R A e A — Sk . 2021 4, Ning ZE[91# 1] MCP & 51 R faEFufb i ke it AT 1 Hue
Ero 2022 4, Qian 55[10]7%5 BRI [A]% £ A0S B s m 4 1 —FloB (BT (B IR £ lasso A2 4L, IEHBA 148
IR SUEAETE G RE, HET IR BB

FIRAIAE lasso. AEFBATER . ARG E N lasso ANFR G [ I S R R S I TR N A T, R
SR EREUR, AR —MRRERMTE. N TR/ MR MR BB BB, 25 T RE TE. 2020
., Ning [11]45& 2 &0 A mA A Ly & T ORI TIRE0E R, HATa M. 2022 4, Ning [12]4# 2k
T HUB #1 LAD 1] M filitHRIB bRtk 7K 500 544 .

AR RTE T 1) TEFRBUEERMT T, RO BT e BRI A S L s — T
EIRDLELF, B A SO — B 0w b T RET IR 0B BR . 2) RZ X THREIMIB BRI AL # 2 2 T
AN, R R AR, AP RRE I E, TR SCHE H AR B AR

2. MBETE

N T PRIER R ) I SR & B AR B0 B RUR , AU P T A R AT TR BB
5t ] (Elastic Net)s2 —Fp T2tk A I 73, BE456 T Ly BN (Lasso)F L, TEI{E(Ridge)
IR A, T DA Ji) i 3 0 A R R B R D AR B (R o DRI A SO T v SR S B I 22, %5 pE B A {1k
{55 FH 3 S BB AR T R SRR
X T8 L) 2R PRS2 .
Y=XB+¢

JepY S n e, X ynxp QESERE, B=(B, B, B,) A p IR, e=(s.6,e,)
—A n ARSI S FLSET X BRI

2.1. SR

AT BN AFRBTHRRE T SRR, ASCRE R AET L NI L, RO BEI, T4 5 4R
(X, Y), HEPERG 5 X0 F

f=argmin|v X B} + 48], + 2|8

Horp 4 M4, RIS, 22, =00, #PEMEACE T lasso.

SRR L) HAG THE AL PR e A B I R A, T DAS Bl b DA R fe A SR R AIE o FE SRR LR
it E bR MR R, R R I R E TN A L A L, SRS I IR AT A L R4k
TG 1R 2R B 2 R B AR IR A SRR K A ARSCAR &, L, IR LI R g 2R B~ 7 MURE I ok 48 477 46
R R B K AR L AT L, IR AR R RACER,, AT DA ) A e (PR AR Y R R S

2.2. Sru#EY3

J3hr %A1 3 (Quantile Regression, QR) & — 4t i1 777k, FH T4 v N A% & A0 H A% & 2 18] (1) 26 AR A
B, B—Fhfafdfhit. 538 5/ ik (Ordinary Least Squares, OLS)[HIAAN[E], & ANMY 93 KA & [ 1)
BHEABREZEFRR, MHGFERBENREN DG, SRRt 2 X TR NEE, JUHE
DRI B2 (1) 93 A B A WA B TE B i B B L R .

SR EENE ) B bR fs M LT R K R 3
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argminﬁizil“ P, (¥ —x8(a))

Fobr, (q) FRTE Q IR HARRHEERIEM R, p, WA REESR RS, TR SU:
P (u)=u(a)-(a~1(u<0))

Forbu(q) 47 u 7E q AMECRIOE, 1 (U<0) RRPEEEL Su<0 N L, 70,

3. SCiES#T

AL AR T choice i, e H] bk 180 $REUUHAN H &K, e MUIZREE: M4 =41
BREAEAT RISy o IBHPEB AT, S ORI RS AT AS RO, 58 20 i 23 K [m] Y A 7Y
KW E RH HRIRAIREOEEA . N TARBUASOIT R ARG AR, 5 5% 0 LU Al P25 A
THESATER +ols SRPER + F2 sy mIA)EXS EL.

H A IR ROR, ARSI 7 iR 22 (RMSE)E ORI ebm it HoE LR

RMSE = /%Zn:(yi ~§,)" =JMSE
3.1 BN

SR A R EATAS BEE, SET CV R XK e IS H A, 1 4, #E— B AR BILR B 1)
BEAHCH 32.

B A BTN 32 ANMERM RS, AR RS E S IME R htesoe sl wE 1
Fis, M. 204, WD MFIREIN SR E . WA E. T, 7T OUE v eI 2R 1 R IR LT,
HAFNZEE ER) RMSE 4 18.872; (HAEMNRER Lotk A GRIR 4 (1) [F PR S BrE £ %, RMSE N
188.201, LLAEMNAGEM BRI ZERZ .
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Figure 1. Diagram of the index tracking of elastic net
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Figure 2. Lognormal quantile quantile plot
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Figure 3. Diagram of the index tracking of elastic net + OLS

B3 MM + Z@e ) ZIIEHBERE

3.3. MM + EmHE

F /%43 191 9 (Principal Component Regression, PCR)& — 122 7t [0l 443 8 J7 3%, & 48 FH 32 5o 20 it
(PCA)KALFE A B 2 [A] (1) 22 LALLM R B, 7E PCR 1, H5ex B BT 0, ARG IEEERT k
AN FER KA F I B AR, 55X 3 o K AT F A /0. PCR BIAL 2 T DLAR B 22 SR 2k
W, RN AT DA AR R AR, TR TR R R . e T DA 4R, b BRI
T, PR ) TR R AT AR
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Figure 4. Scree plot
& 4 AR

Table 1. Proportion of variance

ERS 1 FE R 2 ER4r 3
TTETTHRER 73.07% 9.74% 5.31%
RIT T ZE Tk 73.07% 82.81% 88.12%
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Figure 5. Diagram of the index tracking of elastic net + PCR
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Figure 6. Diagram of the index tracking of elastic net + QR
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LI o0 B (B A/ SR BOB B HA AR H 4 AR DL

Table 2. RMSE of various methods
=2 BREENHAIRIRE

Irik R I L
AR 32410.2 18.872 779227.9 188.201
YR+ ols 11846.9 11.410 414206.3 137.214
SRR+ F RS R 81778.5 29.977 510621.1 152.348
HAPERY + 0.05 437 %L 59376.7 25.544 245622.3 105.663
BAVER +0.25 43 fr 8k 21752.5 15.461 54887.7 49.949
HPER + 0.5 S fr % 14315.7 12.543 462718.5 145.026
HPER +0.75 i3 23836.7 16.185 788559.6 189.324
FAPER] +0.95 43 EL 34821.7 19.562 537838.5 156.356

4, g5ig

AR P #8 73 S2 ) R SR RS _EIE 180 FR B AT IR BOB R, FHHTT HRAR ZE M MR b R (1 17 bR vt

KESCHERR DA TIHE R R — R B BRR ISR 47, ORI MDA T SRIB 5% FAIE 180 a4k, 2 —PAf
FH PR SR IR I 5, 58 205 R SR AY (R AR A 23 1 B il TSR i 8 R AL 7R SHIE A Hp 5 A 1Y)
—UETPVEAERT LG, SR BRSO TR T, AR R DA T AR o A B R )R RO R R I A
fE, R 0.25 40 0r B 0E] UE BE B A A AR A ) L BB R R 22 BN, B BRER I I i T HA T,
AT LA 0.25 J3 Ak (el 5 228 #R EAIE 180 454k,
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