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ALGORITHM 1: Online portfolio selection framework.

Input: x}': Historical market sequence
Output: S,: Final cumulative wealth
Initialize S = 1,by = (..., &)
fort=1,2,...,ndo
Portfolio manager computes a portfolio by ;
Market reveals the market price relative x; ;
Portfolio incurs period return b; x; and updates cumulative return S, = 5,1 X (b:xL) ;
Portfolio manager updates his/her online portfolio selection rules ;
end

B 1A — b7+ Y ABRFE ([Lil4],p.5, Figure 1)
E 512, AntiCor 7= Y A A%, #RAH D

window size & JEA & L7- 2 HIIcB W T, HENT-
RS EBTIB VD < R THRAET 5 al s & f
HAMT 26D TH D, dEMalX 2127Rd, WiH
EBIZEF LTV LW DL & HENTRE
XA, I EH L7eRRITiBW-o < & W S RGEIT &
D, HENTHRAFEZBAT D, TOEGWVITIST
TH G DEEREZLDDH LD THD, Tk, EH
VRS Z LITR Y, FITH BT BRA L ~ D [al
% Z 3 HL A (follow-the-Loser approach) =2 2. % %
DToH DL 14],

Algoritm ANTICOR(w, , X, b)

Input:

1. w: Window size

2. t: Index of last trading day

3. X¢=x1,...,x: Historical market sequence

4. by: current portfolio (by the end of trading day t)
Qutput: be.1: Next day's portfolio

1. Return the current portfolio beif t < 2u.

LX: and LXz, respectively.

3. Compute Mcor(1,7) as defined in Equation (3).
4. Calculate claims: for 1 <1, < m, initialize claim;-.; =0
5. If pa(i) > po(j) and Meor(i, ) > 0 then

(a) claim;_; = claim;_,; + M, (3, );

(b) if Meo(1,1) < O then claim;_..; = claim;_; = Me,(1,);
i = Meor(3:3);
6. Calculate new portfolio: Initialize b = b, For 1 <jsm

(a) Let transfer;-.; = b{ - claimi-.;/ >, claimi-. ;

(b) b™ =b!™" — transfer_.j;

(c) bi™h =b!"" + transfer;_.;

() if Mcor(j, 7) < 0 then claim;_,; = claim;

2. Compute LX; and LXz as defined in Equation (2), and 1 and yia, the (vector) averages ¢

B 2 AntiCor 7 /L = J X A ( [Borodin 04],p.585,Figure 1)
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Wiz, (REMDPOHDE LV OLMAR 7 /L3 Y X
LEFHFT D, OLMAR 72 Y XA AntiCor &
FIkEEIZ, BN EAENT D, B D
EETIE L ALEOBENEY 2 I L, BE)E
BID O OMRBEORE SICHEL TEHAZEO L, BE)
NS IZEEAZW LD FIETHDH, M3 B
FO 4127V TY L% RT,

BEPESIXEEMR oYY TH Y | T 2 KEE
BEBRSTEY, RNTp—< R ELEMNNN L,
IS BHE R STV D,

BENEENIIEEYM O THY . ZRICX VKR
HITDBENRENR-TEBY, XT3 —<v U RALLE

PEZSIE) by MRS A b SE TV D,

32 RUFI—9 - T—2DI&REL

ez HBEFE L7~ AntiCor 3 L TN OLMAR % G,
Ry Fv—0 « T—H &SR L, [Li 12IZF0#E
SN E DRERTE TWDINENE T
=7 « T—HXIZLYREELT,

Dataset Region Time frame # days | # assets
NYSE (0) US | 3/7/1962 - 31/12/1984 | 5651 36
NYSE (N) US 1/1/1985 - 30/6/2010 | 6431 23
DJA US 1/1/2001 - 14/1/2003 507 30
TSE CA | 4/1/1994 - 31/12/1998 | 1259 88

X5 RyFew—27F—&¥v b([Lil2],p.6,Figure 5)

Methods [ NYSE (O) | NYSE (N) [ DJA | TSE
Algorithm 1 Portfolio Selection with OLMAR. Market 14.50 18.06 0.76 1.61
: . 7 : "W > 3 Win- Best-stock 54.14 83.51 1.19 6.28
! finp'ut €>1 MRel‘:erS‘on threshold; w 2 §: Win BCRP 250.60 12032 | 1.24 | 678
Ow mize; X;: Market sequence; W TP 26.68 31.49 0.81 1.60
2: Output: S,: Cumulative wealth after n'" periods EG 27.09 31.00 0.81 1.59
3. Procedure: ONS 109.19 21.59 1.53 1.62
4: Initialization: bl — #1’ SO — 1: B\”\' 10§E+09 464E+03 0.68 1.62
5 for t— 1.2 n do B’ 3.35E+11 | 6.80E4+04 | 0.88 2.27
o = L& nC ) CORN 1.48E+13 | 5.37E+05 | 0.84 3.56
6:  Receive stock price relatives: x; Anticor 241E+08 | 6.21E+06 | 2.29 39.36
7:  Calculate daily return and cumulative return: PAMR 5.14E+15 1.25E+06 | 0.68 264.86
Se=Si_1 % (be - x2) CWMR 6.49E+15 | 1.41E406 | 0.68 332.62
. ‘b A . . OLMAR 3.68E116 | 2.54E108 | 2.06 | 424.80
8:  Predict next price relative vector: BAH(OLMAR) | 2.27E+16 | 141E+08 | 2.38 | 172.11
MAX(OLMAR) | 1.62BE+17 | 3.95E+08 | 3.30 | 1.18E+03

ot (W) = = (14 = oot s
T U T e

9:  Update the portfolio:
bg+1 = OLMAR (6, w, i(+1 ’ bl)

£1 EE7AITY XA L BFA([Li 12],p.7,Figure 6)
NYSE: K [H = = — = — 7 ZELF | FT
DIIKE &7« Pg— AT 2ER30ME

Window_size[NYSE(0) |NYSE(N) [DJA TSE
A=Y X A([Li .5,Fi
B 3 OLMAR 7/ =Y X A ([Li 12],p-5,Figure 3) 5 9.75x10°7 |1.46x10%5 [1.78  |24.60
Algorithm 2 OLMAR(e, w, X, .1, by). 10 1.77x10%7  [2.28x10%5 |1.60 101.84
1: Input: € > 1: Reversion threshold; w > 3: Win- 15 6.26x10°6 |4.62x1075 |1.58 78.95
dow size: X, : Predicted price relatives; by: Cur-
rent portfolio; 20 2.19x10%6 [5.97x10%4 |1.56 11.89
2: Output: be;y: Next portfolio; 25 1.33x1075  |4.74x10"3 |1.63 20.39
3: Procedure:
A, A,
4: Calculate the following variables: 30 7.32x10% |2.82x10 4 1\'93 1492
—. . £ 2 AntiCor BBz XA MR EueDFr—=x
jlzlxl:‘l)\l:nlax OM i .
t+ 1 At ket — Eer1)? Window_sizeNYSE(0) |NYSE(N) [DJA TSE
5 7.65x10716 |4.21x10°8 |2.20 59.00
5: Update the portfolio:
. _ 10 1.03x10715 [2.91x1078 |1.17 117.40
by = by + A (Xes1 — Er11)
15 1.53x10714 [8.74x10~7 |1.68 93.73
. x 12 41
6: Normalize by _ \ 20 6.27x10°13 [4.29x10°7 [2.13 11004
byt = argmin ||b — by ||
bEA,, 25 1.71x1073 |7.71x10%7 |2.50 115.84
30 5.38x10711 |9.51x10°7 |2.44 103.09
£ 3 OLMAR EE/aX FREBvnsr—2R

X 4 OLMAR 7 /L = Y X A([Li12],p.5,Figure 4)



AWFFRIZBIT DT 0 7T LOT X MEREE
2, 32T, FSC[Li 12] Tid KO A ES =2 A b
Z0 L LIEGB)Ic o TRBlah TR Y | XX
O EFER L TS, £, @I "g A —%
DOAENFEHEL LTV RV 72 8, windowsize DIEWMT
L DBEEDEMET TOMEE /R LTz, OLMAR 2k
WTART p—< 2 AREN 7 — A1, window_size
B Wepsilon LWV H 220D RF A —=2DH 5,
epsilon & 10 ([ZEEL L TWHRELEZ HND,

33 FHLWTF—32ty FDORREE

KERRATT D Nasdaql00 (ZJET 5 63 $0fl, &
51T, SP500 FEERICIBT 5 432 $4i 2 T, 2000
ENDH2014FE 6 HETOIT AT IVEREE - ) —<
va w7 EW) SRR ATLREOELEE L b
DThHD, TR F~v—7 BITo TR
ZF 45207,

Window_size|NQ100 INQ 0.1%  |SP500 SP 0.1%

5 22.77 0.52 2734.56 53.19
10 75.42 4.22 9044.36 340.11
15 15.90 1.58 340.66, 22.23
20 30.14 3.85 34.57 3.46
25 125.60 19.21 336.60 44.09
30 89.32 16.10 2.09 0.31

F 4 AntiCor IZ L DEBI 2 A =0 & 0.1%D 7 — A

MDOELZHRET D Z Lok LT, OLMAR %
ffl(window_size)lZBIFHEAZRH L TND, Ko
T, BRHIMIC2 2 L@ RBERTELbDEER
2o

3.4 HIHEFERDREE

SP500 @ 14 DT — % T, I bH O EWETE
FIETHD OLMAR I THiGERITo 72, & 2 Tla.
IR kT2 T1.0 & LCRMT 5, £9. it
FHlFEICBWNT, A7 T 4 VT 4 DREZ IPEE
L ETH - 7=, Window size=30 & L7=HE. AT T
AVT 4, AT v I ADSIFETHY, &M
FETEETLEZLNRVWKER Y AT H#H-T
WHZ LD, EHIC, LEAFHEIEE T,
MaxDD O K& I HNHEL ETHY 96.4% L 7272,
TR, BEN EERIC 12512570, U RN
IEFIZENTIETH D, & BT, LR X,
0.065 TH Y DEALMIT & A EfTbRL TV RN &
WD,

NAEZREE TR T TR S 2 &N 0nnicfE
BECTHLIVNEETE D, Lo T, ZHTIHIEFIC
BT 72 FIED — AR 4 K OV BRRYRHANFE1E &
L COoribHEiE CIEFEH IR L WEHEE & 72 o 72,

D3 ODFEET, 0.119X0.065%0.159=0.00123
LRVMIZ1/800 > TLEY, ZTHHDEE
ARR jpemod [CEFETE U2 fEA M 9 FRCII 72 <. K4REK
Thd kEzmulcikdd 2 L TEEHEZHMEL T
ERT 5,

EH o A FEHMEFEREIL, 092 TH Y, FEOHSI
A MR 01% EHT 52 L TEFEIL 1 ERMT0.92
52725, AR MR AFHIEEOMFETE K 6 12
779, Under |Z, 2000 F X V) 2014 FFiZ30 ) TS A3
THE LMK ORZ SR E LTV D,

Window_size|NQ100 INQ 0.1%  |SP500 SP 0.1%

5 56.33 0.59 2.01 0.02
10 384.31 15.95| 10846.03 768.69
15 27.77 2.90 1731.57 255.18
20 47.06 7.16 552.90 117.12
25 204.38 41.03 576.20 156.09
30 99.72 24.03 210.14 67.35

#F 50LMAR IZ X 5512 A k=0 & 0.1%D 7 — &
FLWT—Z¥y MBWTiE, ~—47 v MRBEE
DEELSIZED, RvF~v—7 - FT—=H LY K&EL
RN L Tnd, X5, HERY ARTAD
FAEICEY 01%Da A MIWE 2 TH, KRE7
F =7 ADIKRTRH D, 7272 L, OLMAR IZFB\N
Tl Window_size WK & < 72 512241, R DLREFF
HEPEIET 22T, BBl=2 A MZKD X7+
—< V ADORDDPHERNHRI Z5NTWD, T2,
AntiCor DK 5 & L TlL, B DL SP500 D7
—AZBW TGN T 4+ —< V AOEK TR A B 5
ZEThDH, ZhiE, BNV DL, FD%
BRIHEE 2R8I D ) A Ao TLEH Z &I
ERTHDEEZ D, £z, AntiCor X, 1 HIH(

win up20%| Tows0% low20% WM 5o
5 083 0.13 0.01 017 0.91
10 264 271 121 029 1.83
15 208 293 3.00 181 2.07
20 207 1.98 3.00  0.52 1.86
25 160 2.58 258 034 1.85
30 203 097 097  0.68 1.54

6 m/3A h R Al E(OLMAR , SP500)
AFRRE UM (250 F OAR R (under) I 3451 T
b, o ERIT UL window_size 23 10~25 D
WHETA T v AL VERTHH T,

INT A= ZEACFRIE DRI RS R A £ 710”7, &
D —A T, /NT A —F OFEEDOEBH ML |



window_size JE D SEHE G FEFIZE W T2 /R T A
— Z IR I E W EUE & 22 o T,

2h 3 fx J&2 INTA—H
Ree % I ARR @ LEACIRIE
X[# | window ARR L)
1 11 24.00 21.15 0.88
1~2 11 35.62 32.12 0.90
1~3 11 64.85 56.30 0.86
1~4 11 68.16 60.07 0.89

7 NT A — X EELIREE(OLMAR , SP500)

3.5 ERAOER

Z ZTlE. OLMAR window_size=30 SP500 D 434T 4
—RIZOWTERIHEZRER T 5,

S0 FH (PU)=— & M FEAZ X0 B A B R 5T AT 45 422
X Oy WAL REAAEAZ X 58 ] 2 A R EEAMRFEAE X m XAk
FAREAMHRHE X /3T A— 222 e e R AT R A

k1=0.5 #— AN FEIE (R T T4V T 425 )T 0.5 |5

k2=0.1 #LEAAHFHIEEE(MaxDD)IE 10 F3F A

k3=0.25 #5yBUALRHIFEEE 0.25

k4=0.5 #HEHIANE AFHRE

k5=1.0 #/SARRAFEAM AR COBALIEFEE

k6=1.0 #3TA—ZLZEIRIE FHHE

ARR gmar(Window=30)=33.7% ARRingex=15.55%

2 % Fl =(1.337/1.155) X 0.119%3 X 0.065"' X 0.159"*
X 0.92%% X ((2.03+0.97+0.97+0.68+1.54)/4)"?

X ((0.88+0.90+0.86+0.89)/4)**

=1.1575X0.345 X 0.761 X 0.631 X 0.959 X 1.244 X 0.939

=0.215

PU,imar(window=30)=0.215

PU,imar(window=25)=0.267

PU,ima(window=20)=0.303

PU gimar(window=15)=0.259

PU gimar(window=10)=0.096

PU gimar(Window=5)=0.142

FRE ki I Ko TR R 203, BRx R EHR A BE
L7ZETIVEMRET LT, K/3T7 A—Z D KD
EEDH P ZREHETES, PUNLOTA T v A
ERI%ETH L OLLETHEAARFIEREEZD, £7-.
E OFMME R 2 E T IR EES AN R D0 E RS
IHIWTE B,

FFAM L 72 OLMAR F¥ETIE, —FHIEED R 7 7 4
VT ¢ R &, DEAFHEIE S CTH D MaxDD % /)N
ELTHZ L, EnlT, SHLFHEEREZ BiF 5729
IR0 2 oRRUTHFITHBILT 52 L TRELH
BTE BIENICHIHATRER FIEIZ 2 D ATRetE N H 5,
4. %&im

AL T, 6 >OFHMlifEEIC LV A>T A -
R— b7 UAERT LY XL EKERKTORE
MEtT-7-, BREFEICLY ., MAZRRIAOR
BECIEME S . L0 IRLS EBRM MBI E21T5 2 LN T

X7, BPREBLEFMEL, NET 2 Y A7 &M
FRECRIHIND, I, FHMEFEEZFERAEL X
)& LEBoORMBESZHMIC L, FHEORESDE
G CE L, o, EEHHEW D —DODIET
BN AR B TE 5720, A RTIESCNRT A—X
WL DR ARG AIRE L 72 o T,

S%1F. T ok cAr I 40 - R—
74 UABRTNVITY XLFHEOFMNE S Z 7
W, THEFEET VOREEZITONLERD S,

& Xk

[Jegadeesh 93]N.Jegadeesh,S.Titman :Returns to Buying
Winners and Selling Losers:Implications for Stock Market
Effiency, The Journal of Finance, VOL. XLVIII, NO. 1
MARCH (1993)

[Borodin 04] A.Borodin, R.EL-Yaniv, V.Gogan :Can We Learn
to Beat the Best Stock, Journal of Artificial Intelligence
Research 21,pp579-594 (2004)

[Li 12] Bin Li S.C.H.Hoi :On-Line Portfolio Selection with
Moving Average Reversion, arxiv.org/pdf/1206.4626v1

[Sharpe 66] W.Sharpe :Mutual Fund Peformance
The Journal of Business, Vol.39,No.1,Part2,pp.119~138(1966)

[Jensen 67] M.C.Jensen :The Peformance of Mutual Funds
In The Period 1945-1964, Jornal of Finance,
Vol.23,No.2,pp.389~416(1967)

[HAubner 03] Georgrs HAubner : The Generalized Treynor
Ratio :Review of Finance,Volume 9,Issue3,pp.415-435

[Lourengo 12]J.C. Lourengo, A.Morton,C.A.Bana e
Costa:PROBE-A multicriteria decision support system for
prtfolio robustness evaluation,Decision Support Systems
Volume 54, Issue 1, December 2012, pp 534-550

[Zakamouline 09]

V. Zakamouline, S. Koekebakker

Portfolio peformance evaluation with generalized Sharp ratios:
Beyond the mean and variance

Journal of Banking & Finance

Volume 33,Issue 7,July 2009,pp.1242-1254

[Li 14] Bin Li, S.C.H.Hoi: Online portfolio selection:
A survey,ACM Computing Surveys (CSUR), Volume 46,
Issue 3,January 2014,Article No. 35





