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Heuristic genetic algorithm for optimizing an index tracking
portfolio

NI He

(School of Finance, Zhejiang Gongshang University, Hangzhou 310018, China)

Abstract Passive portfolio management has been proved as an efficient method to get the average mar-
ket return and can outperform most of funds which are managed actively. Index fund is one of typical
passively managed funds. Its major objective is to mimic the performance of a benchmark stock index, i.e.
S&P500 in US and CIS300 in China. In order to reduce the cost of transaction by limiting the number
of rebalancing and unnecessary spending on less influential stock, this paper aims at proposing a heuristic
genetic algorithm that could help to build a tracking portfolio with the help of a tailored utility function.
The portfolio contains fewer stocks than the tracked index, while has adequate accuracy and lower costs.
The technique is applied on building a stock portfolio which tracked the performance of CIS300, with
a positive comprehensive output which outperforms tracking portfolio built by quadratic programming,

equally weighted or experience guided models.
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284%™, 76 2004 SEREH BN RN S2EFE E R ETF Fiikd, 2 2010 FRREH 256 A ETF
PHEE. EREENEEES TERE SRR 300 #53, FIHASCH B IR 300 AFIRMER
BAL HNEEESHRHRENE LE, % 1 BREMMEETR EEFRRR G S H T
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AR HITR.
F 1 LUPER 300 BEENIPMERERNENEX SRR (BE 2010 F£)K)

ESAW Rl ELEK By EeAK R
GFEE 300 YHE 99 SIrikirE 300 296 et 300 300
BT BE{F P 300 HHE 99 BIZPER 300 300 IR 300 296
E#REFF 300 &/ 52 T4EFHEPE 300 301 FILG 300 307
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EHRUREFIRAE, MHSET: | FERRARNRE, I YBREREEA KRB OB
1% 2. BFRBBRESES (—B—EWK) RE i THRERABART, FRiBa iz s A 2 1 4kl
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HE, BRI RERREN, AR R AR, 4. MREHES AN, BRSNS E .
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Y wi = 1, FERT R EMET w > 0.
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RERANE. REEIEENRARIRENIIES REFE). BRI E R4 RS
BRSBTS R TT AT — BB R 2E R, BN ZHIR (single index model) 7§
A

R,=a+fR{ +¢ (2)
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FHAF ROy e MBS S E A B . Jorion! BB BRR Z W Bk (tracking-error volatility)
Ve R PRI S R B AL 4, 16 KB CUE AL T 2 0 FR A 2 (s mT AR A B BT R RO iR
BNHEHRAFRA.

MBS R R AR/ MU IR 2 2 R B R E R, WRRERES AR (upside) ZREM
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£ AT B RUR B RS A i B PR SR 75508 B (enhanced index tracking). Frinol® R4EHE
3 A T P BOB A RN R AR ROH B R AR TR L AR R A AR LRI LA, BFEAE
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B E IR E R ES). LS A T — RSB ER M R R 5 M EREM R REuE
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ST/ (A S R A R R A B S B SR R E AT R, S B R R B o) B B R R R R AT
4. FERREN E B S, 1EEE A RHR, B R/ MBS A A B B A R TR E M B
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AR TR R A LAY, TS 2 N BB — SRR
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E R S E R R, TR RE AR, fEh— MR E R EE B iR R — A A E
e, BEA RS RRET R EN A E RS N, Ak A A B R T SRR
BB, ARV LA SR I A R R A S E R R A A RAE 12, BFRONE AR EA R XA, [/
B I E et — AN R EE T A, MR EW EEREAT: EERA R THRARNE
%, BERETK; [FHEBEAE YA NTE XGRS BERE, R AFERER T RN ELE
BRI TEE.
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S HEAN 1330 L ART, BFFAPEBFEEY FREM. HHASTRAFR 300 OB AR, &
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&, AT ABIRSFHEEACR, SRR ERA NSRRI, B ERRIAARY. hTRE
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1 FAZBRAMRETASHR 300 BEEatRMeSER 2N FHE

B 1 B s e B RS RRARPR 300 HEEGR R ER SR (M TE L L),
RIS LSRR B ZAM A FEER MR EFL. TR TURES % S TEANE LY
AR ATERE A T T MR % BOE %, AN RN TR X HT
BT RAGEEER, 230K RA Markowitz B 730 24 b AT A 8OR SR 4. BI 750 R 0K L T e
FRER. SETRARBOE AW RABEEE SRR, WHMNE 1 H88 Bt BHRX TSR, Xt T
SPGB R AR B REA — BRI, TS 4 A/ MR PE ], AT AR B R B R
W RRRIE BRI SARRER 5 B— MR, (R Sharp By E RHIAME B, 6
BT R R FRALERE - SENH O, XA RE 8 ZEH, AR awER
FAZ. B FRARFNEREFAUES, ASCRIE X 8 @8 FIRMTEITHEN, BHRE e
BUXBRE. 8T RAHEE, FWEENEO 3 FHBEHI. ZNE0T 8 MRS SR, £EE
MY BRI, 8 BBAARK, IMBEBIERLUE, 6 BUAR. HAKRIE T BEMEHERARKE R
RIS, WRISTTLARYE 6 ERALH B, UARBRFEH LR & 8 HH.

B 2 R T S R AR NLE S A BRI 6 (RRER R AL IR0, AR A SRR, 7]
LEER 5 HAELRAE — B, BRI, EXA YR AEIE. St O BeR
B, RS AR EREREZ FREN D, IXGRANTE. RS kAAF I8 5 B
HERREBE, BURARGIE SN YRBCERA R EBERBE, Wi 8 IMERH
B. A %
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2 FEALEEERSRLAMRM 2005 E 2011 % Beta EF/LWHA
%Pl % (utility function) LI EBEE AR FBEE WRFASHIRBHENEE. BARHRA
EFARMER, RARRRBT RFHGI R, &R, A0k AR R B
FETHARETUME HERAERERSME, NMENEES BRES. XERFEERIMUBERE,
AR ZE S A, B A, SUBRSIERRE. AE B R E @ R0 RECP AR R
R,
U=Mz(1) + Xaz(2) + -+ - + Az(n) (4)

Kt 2(i) TR IRE—LE A, N RRZEEA R, U Fr3iE. B BBt
fE AR, fE AR ENRTEE, KA E R A SRR R TEEEE, BUEB NN
R, FRWERBRORA A, SRS REERE. B RBFRITE R 5h TRATRRR #2
ERERL I I REUE. BLAh, FARZ IR R R BB RN, BRERIRAE R e Bk AL B B AR A%
C. WENMi

B R IF A A TN T RECHE X SE M AR — B0y, BRI TTER . HShidr, A7l R R RTIR AT A B
Pk A ERHALE, TOAREATR /ML, TSR RRE N ZRER /. M TFRENEHEL, BERN
B, RHRAEZONENZRE, WEFRZWHGANABIHTE. W EHBARRERERE/ MY
FZHY. HRBELSRNRARNERNNZREEE B TRFEEZERE 100 REERE, BNERE
HATRE. (LEE TREMEHAEE, X FRENR N TEEERA—E. FHELRRET, REEEER
B AN E A SAE R B/ BIRER . B/5 A SRMAERLAN 1, XAXF LR+ atE
FRR— R, B PR 2 B S o R AN B, T (R LAY U — ST B A E AR AL B/
HLA B RR .

RTFREMM, FEREERAROERL T, RO EBRLEN T, B2 R RR A R
T BT SRBERARRE, RTEX ERANEH ML, ACEEE T MRIEDT (Pareto distribution)
FITH AR AR, MRITCHB Z N A TFHEM EA4A LE, HEEHR—MER ik R D9,
B3 BrULH /IR ASHE KERAT 1 80/20 B, X THRFA SR, TTREMIRRME 80% MHFER
FITE 20% BRI L. VAR —FEERERM AR, HEANFIE T RELFFRENER. A
RIGIHB RN, FREREEEAZINER. AAFHRIRIELE 10 F£P8HARE 500 K
B, R SRR TARY 500 #50E. BARKTARELIFATE, [ERRE HIHTMFIEREA F %
RSB HERREY <A 907, LIESRESIEEFA 180 B SIS THSMARE . MNHIE
RIS BE I RIE A A P PR, AN EENBREREN R RS, WHLNTEE
B — /DM RFE A, TOXHMER BRI BB BSOS TE LR B, HIAS LA iR e 8
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S K B, RETEMERRER n, 29 n ANBE N TFHRATRERBBRULK n < K, B5H K
GHRPETY, SE RIE A EE o MRE L.

MR B R AR, T RERREREN, THFSRERENTE, RiERSHL
e A RS BEHR T AR A E. fRiEEEcE RA RIZE M ERARIER 300 HBM%EHINE, e
RPN 300 MBI STINE. MFZATERN, SFHERE— N EEHNE, EEX TR EH
Kil, RBERSTIUCERESNERZMNE. THRE—MEBIAR, BRI D45 HAHE
BRI AR BRI IR E AT R, TR BRI N R R ENT. W R S R
W, A RN B R ARSS, AT 1 £ EMBRER A TA THREA AN SRER. £l
PR n, REY 0 MREN—H, BE TR M0, BRI —HEA%
BARARIENE.

(TEBNERYLABHEE, HARERE-TEHREUR—MERE, REEIBHEELT
AR, A REHATE, R RIERNEREN AR EMBE A B, B REM &EH
ETLGEN R A TREE SR NN ERE, TSk ERNEREY LARBENAERE T B HE
BT, MEIES R E R EMN AR — A ST, NERIERZ LM AR BIRE BArEk
BESRFATS: B W RREN SR B RR S TR, BBCRSE R TR R
¥E. B, BB EE B (crossover) FIAER: (mutation) REH BRI SRR
D. AR BIEHE

BT REASHNENRERE BN, BEARREERRE MU E—S AR NI REIH
HREREE BHRAERNERAREENRE, BEEETRBIRRR, KE— 1 EEMmitke 1.
4 SR AR R T LA B FRER 3L (objective function) RATSIRAY, AU i H AR RN BT RHIZUH R EL.
A B ES LB N TE— B PRI T, LU R3Oy R RS, (A B AR R TR AW R
B

BEERMN HIRR R ENTB AL, BRRENEE. XA (ELTREZERE). X5
B, BB A S S RFTH—AE. AFACER B inmienT,

Ut =i >l N SRS (unl > pit b > o —m?) (5)
o i SRE | MHER T, BTG DN R L 35 OB . N AR, e T RBREY
. AR BRI R = A BT, 1 REh RN, FIMRIER A B A LR E R
SRR R R R A — R, M RN B RN ER AR T RIERBE. ¢ HRRRRE,
v FARTEE | IR O35 E RS, p, BB VRN AL B R SR BSR4 1.
R R BRI Y —, EEYMEEERRBERR, 2 kAT A R R
KRA, ERFRRIER, NTF AR, h TR EAIY 1, FHGEN T £
MY PR B TR B R B R AR T, A SCH R 3 B ESEH IR, Wi
R BT B MR B, T 3 L 20 M, EVRER/MEVRIEY L BVERAIY L
WSARIERELE (roulette wheel) B 14 4 i — R At SERIBER, MITE 3 chg S th— Btk 2
R R R R AR 2, BRI —, BRAAFARERAY 20, BTk
st B R (B, B T R (B, RS RISt AT 3 eheel 1 %5 6. ph F BT
S, FL R B FH e it Bl o I R A R B TR, 18
BRI 3, ABATIMEE, — M T MR, — A B BB, R L
AR R 20 BE, T Bk F TSt R e B AR B, 45— 52 H ) M B
BYER R R, M 3 WSk PR, B MU ISR, JMEIHBIR AR, L. TR
RS N3 TN
5 R R IR A SR MRS, 2B AR T S T e i 5. AT
BB RO, R R R A, RN T RS R A R, 2
SRR T, A RTIRA H REHL R — R R Tt A R, RIS TER— MR
PR, 362 R ML, SR 2T 5 2 P AR



%108 iR BT RARBEEENHBERA AW 2651
LIRS IR

E 3 BrRZXNENSR

1. ROEBBEAES A (BRI, F, FRRAR) SATEEIAGL, Y NV aNERE, 81
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# 5 & (population).

2. BE—PREEFABRFTE IFREGHOAEE VN Mo i . REETEEREN
Xt N ANREEIT N KB, SRBN—4, i e b B RIE b TR e e E

3. FERIBN— AR REKHTUEE, NERMERARE=E N (F) Ak N KB
HEGHESE, BHBEH N Nk

4. FFREI N M RemhRELER—Ras ETEREHHA), KIGHTERRE IEBELRY
ok b 2 R (AR B T A TRE LR AL

5. {EARERIN N MRERAKMEHT—RMRaREDT BRI T LE. WA ASERS. [
AT FHERRER R FEAEE, MR N MR e R BT — Y Gk, TNHRBFEX N ME
b7/ N

6. EFFIHR 2, ERIABIBRMHAARY, SE B — RS ek TR AT E RN
BERHEE.

4 TRERSHIR

SR — 2 R RS Y E AR, BT BT BRI M S H . T
St TR LA, ERE TR SRR WS, HES R —
B ASCENSA LRI R SRR, HIMER (5) FUR, SHATHRER, BTt
6 1500 SRS R, Ho 300 EAEY—REREH, B 1200 4 H S B BURIERI4E0E,
BR300 4355 B BB A MRNCEE.

HRBAR MR, FERHT 6 AHMER. TRARANRRIGREE S BB
B L (e B BERIRBRES 1YL (e -5k B2, MEMESHE & YV, (-0
0, BRI STRBRI. T, MR R BB FI TR BRI,
Foeit g FRMRARS H M H, TIE S MR BRI G R TRE, K N R etk Ry
Pk, IR RRIEN S AR SO, 6 MR RAENE A4 B NI RAT, &
B, IR AN R T M ORS00 75 R B S SRA A, DR A 2 SRR, 72
BRI (R B ORI R 0 A R R Ek SR B TR, I
RIR AR (— MRS, B 300 135 H e RIBSALE) 2R R,

B 4 FIP 5 GR T LW RAEAME B A 0 S R A M S BOB IR R B 4 Mk
S R BRE R R AL, PR IR/ NRIE T 20— RN, MLV SRR R IR
PsE P PR RS W SRS, EL o AR AL A AR, 53 HAR R
0 PR B IR, FRMAE R R A i LR M. 7 4 IR 300 MRS
51 H BRSSO R R, AR, AR R A MR, [ 4 M TR
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% 2 HXMLBAEBRERR FHRINR
BREZH BERE x107°  REEE x10°° NEGHE BARESH %

BERX R 3.213 0.824 27.01 39.23
ey =354 3.424 0.853 29.23 43.42
% 24 3.502 0.764 30.45 45.34
BRI WaEm 2 4.165 0.326 23.09 40.00
SRS ER 2 5.678 1.983 0.00 40.00
BEXLEWER 4.671 1.736 37.62 100
B eMmEH 4.994 NA3 NA 100
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A FRHNA B RABRERETRIGEFERBAMHE. A URERSZHEN, Se5BEaM
. XK. XEREEFENMER, ORI EHFE AR ERERRT AR LR R, R
FERI T ORI FI IR 300 ML SUEER DR 300 TEEAE Rl E RABITARI, WLHEHEHA
TSN R E AR, TRABAEZE M A R .

L RA ST R R R— M ERAERRIE R, BHRAMHRMLEZN. MASCRE BRI S
B, BRI/ LRI S Bt BRI B, (HRSR B ERM R/ T LA B B N [ B
ORISR, T AT LAEE X R Sh 0 InAORAE BOR A sy A TR B A . A3 RER T3 300
YERBFFERTER, BRYIR 300 B BB FEBIHER, HEENRARTERNR, EREYREDHEIE.
LA e i — BB, AR R SRR e REOE R, SRAHFFRTERRE—SHTR
KB LB IERTEE.
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