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Abstract

Objective: Paired trading is among the most well-known and oldest algorithmic trading
systems. The efficiency and profitability of this system have been demonstrated in many
studies conducted so far in financial markets. Paired trading is principally based on long-
run equilibrium relationships or reverting to the mean characteristic. In recent years, a
large number of studies have been conducted on algorithmic trading using machine
learning.

Methods: In this research, the reinforcement learning method - an appropriate method for
modeling and optimizing problems involving different long-run relationships - was used
in order to select appropriate trading thresholds and time windows for the purpose of
maximizing efficiency and minimizing negative risks in paired trading through adopting
the co-integration approach. Results are obtained by applying a combination of
reinforcement learning method and co-integration approach in paired trading.

Results: Empirical results based on the intraday data of paired stocks showed that the
reinforcement learning method used to design trading systems in paired trading had
significant advantages over the other methods in previous works.

Conclusion: A pair trading strategy with the proposed algorithm can be used as a neutral
market strategy in all market conditions, including prosperity and recession, by investors
and individual and institutional traders. Also, for future research, it is possible to consider
transaction costs in a pair trading strategy.
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Sortino Ratio.

Citation: Fallahpour, S., & Hakimian, H. (2019). Paired Trading Strategy Optimization Using the
Reinforcement Learning Method: Intraday Data of Tehran Stock Exchange. Financial Research
Journal, 21(1), 19- 34. (in Persian)

Financial Research Journal, 2019, Vol. 21, No.1, pp. 19- 34
DOI: 10.22059/11j.2018.138913.1006099

Received: December 19, 2015; Accepted: February 09, 2018
© Faculty of Management, University of Tehran



VR-AY il Lle

YEYY-OPYY ¢ oSig sl s

S5 AL (S 9h (5 Tl gy 3 08lat b (29 ) S Nolo (5 31 gt (5 jlwdings
Ol slole 359l w9 39 8395090 SLLS

292EY8 S
falahpor@ut.ac.ir :asbll,y .l ul oyl 05 < pos oKy oo 008 o g (Jlo 05,5 ¢jboliu!

OlosSs Cpus

240l .l el el o8y cy e 0SSl o JLo swidige 09,5 eyl ol )l (gl ¢ Jgtume odiuns g
hasan.hakimian@ut.ac.ir

ouS>

3 ol 53 ol 51350 5 (LS 48T sl a2y )5S EMolno (slappianses (5028 5 (2 Bgpme | (295 CMloleo 1BR
EMelne 53 ol iyt el 05 031 L 5 Sl el 45,5 50 il Jlo slaslil )3 55T &S e tmgs
oo obls oliadss Wl gla s B)b il .cwl 5Kk 4 cuiS il Caols plod b csenils ol balg) 3959 ¢ 255

Lol 48,8 Cygo cyuile (6383b 51 ookl b sos yoSl Molro (59,

nilie aortly baslyy cilisee glgl b Bluws (gjlodingg 5 silodae slp oS nsB 60k (b, | Sag ool 2 iy,
o Sy (ilporiae 9 005k (gilopesSle Bua b cawlio (Sloj (slaoyomiy g (Moo it Ol jolaieds «onl
355095 9 el 30k b9y Jl (S 5 xS b pSl g sl oad ealil (Sidlolen 3,509, b (295 ©eles 5

Gl 0 [l (295 @Molre jo  Sislslen

b 5 Sag S 652k g 5l ool & amd e (L5 i plaws 95 Sina0 LS 53y bl @l Bl
D (6 pSedin 5y wddplnl (L8 b5 4 cund (25 ONalre ;0 SMslre i

el L bty s seles > (5 4L (ol yal laieds Mlgs o (o3l ol )sN b (295 Melas (635 il 2§ 38 AR
SHolro sladjo (18)5 Hlai 3 (e (izped 9 okl (Boi> 5 > o Sdlalas 9 (LIS ko bawgs 355 5 (559,
2y sley ST slagingy ly (o0 Gl ) (295 S sles (sl 3 CMolaa plodl 5

0le & SISl 3l g ge Cond ( SuBLilen (258 65O (295 Holes 103198

L g8 (658500 hey jl edlaiwl L g5 &Melre (s3]l (g5lodinge (WWAA) Cpus ¢ leauSs Sumun ¢ )50z M aliw!

PEVR . jas o) ojled YY) 053 YA ¢ Jlo cligios
DOI: 10.22059/11.2018.138913.1006099
WA NV 2 b ey OFRF/-Q/VA sl >

Ol g oy g yde 0uSily ©



el (FgB (653 g, I 83T b (g5 SMelre (351 il (6 jLwvdiate Ve

400
23le b ) gndg yn )3 dilien B 1 Sabelen &5 canl T il (oS lep sl o (g5 Makeo
{selinng) A5 S g cmb b YL laglogi L alaoygd 53 (> 5 olme SES 5 b (93gm0 o3
slss sLiljo 5l 9 18 e LY Jolas slaalls g9y 1) Gag 8 5 25 plojom (sl ol &8 Ll 1 (Y- -

255 50 15 )bl Sl (slacs el 09,5 10 S o e 290 5 03,1 000 85T (2 e

\; £ o e v e . - . . . 1 e .o e o -
Cw ) 499y § u.o):9_§ ‘y'_f d)Ua.o DG 0 odl> Cmnd g0 ool ] .)/5 u]w.wl Ols)yo p‘f)w » Lg))'t,«,o

95 Cpm (©dosily JoLs) (Stran Ll 53 (08) Cins Sy oanlin plSin Saloles ¢ 295 &Molao )3 (V- +5)
o> S5 L ol 9o 5l peary dbul b anlgg] L polie Sl 9> Cueud Byl glixeds &5 Sl
G 58 o plaBl el 00 51T &S o o] 3 oy Camge ()5 5 Sl b 3 48 Cuabge (585
393 Gledily Pl ay ol 90 cudS L P i zylas (Y4 +Y) V.xslg)lﬁ,m bwg oS ;«C,,sly & CuiS LY porao
gl 5 ik <8 o ) Haich o (o35l (pl 29w oS o0 JueSS 1) dlalre ugSan (Molas slacusbge Sl L
(Voo ¥ o Srgabig) 298 gitie (21> 93 55 Cuod Dlpe

(S P St 29y sldlols 3,09, 2,1 3929 0aBB LS 3,09, )l (29) OMelre slasl il )
ol oa s ool wl (Sblilea 5, S0sy 5l Gimgin ol 0. Sslilen 3,Sgy 9 (Bolad  gesd ol 5,55,
caonily oolail Loy, (Saililon )5 .casblel sla yuito iy Ulo b5l I Loges osgio adly ,> (Suililen
Dgdise Jelo 9 3505 bl
d9d e 035 o35 Jho gl el )l o (Sdlileon Luly)) abgs e Lalyy 3929 (y 0 sk ) plew 295 Sl Sl g
5> claceasd oy Colidlale j Jols 45 " e Jolis oad 3 kil Hlade cMoles b als 1o )3 ccolis 3
9 0x5lee 4 CuiS b Cuold b dn g b 090 g0 s cslie slacuaBge 5T 5 CMelre plosl (gl sl ol
Hade 5l gus ax 0 aS) b )8 dalgd pusd ke Hlade b 40 (0 eud Jold Hladke wienidy ol Lailg,
g5 32 Sopots o) pohain i a lytear 1) (g dx &SI L )8 b 1y (lelas Cadge wl ed Jlis
g dloleo yn dgw ¢ tasd ol 3xSle ) il alols e oo yasuio tosd Jolis 5:Sile G )b 9, il

1. Pairs trading 2. Neutral market

3. Vidyamurthy 4. Gatev, Goetzmann and Rouwenhorst
5. Long run equilibrium 6. Mean reversion

7. Hillebrand 8. Stationary

9. Spread 10. Stoploss



T ) b)w ) 8,93 AYaA ‘d’l‘o Oladsd

5" ej Loy S5l (IS j5 by 5 o 3 |y (arbign (it B 3,53L) oo o ool log oo
2513 il ol rglagms i 3 Sy 15 snlin ' slaeilin]

w209 & a5 b gii syl 3, Shes ob5)) jokateds 8l plows 93 31 98 LSS Sl ey gy ol
=x B Wl gilupes Sle Jlodas (x8ly 10 wCuwl o okl Ban ml lgicds gidyow Cund I 0ldbdlpiuin
s o ot Biste Jo 21 (lind Tolas g oy (sloudgions (5 S (53,5055 )3 b g S
gl cnl b ajb oo )l ilops Sy )3 oS 2y o Il e 5] 3590 0351 duwlors 4y (0 )LS Capnd Alie
sbhise ) @sllacls (6 iy Lo i yo Connd &5 (Jb )3 S (o0 oy |y 035k s ot @)LS s &S
o3 oo 5 (b5l

L aly o g 4l (68108 cobld sl ailen a5 Sl piile 1 odlitnl chiosionr (sladilobw iy b
pogn | s (53531 4 Loy nl j1 (Ko ool o 5155 caimd Gl ) 395 slads o dawsee L]
ol 03] 39 on ogune el 0L 31 slanl 0,5 oo plell (il By 31 &S B (5pSP cal
5" dele ol ailge 93 51 g 85 60l sl DL - dorsr sl (o5 aBly g 6Ok caiy
395 slo 8 05 o lamo 145 0,555k 4 a5 L5 00,8 (S35 a3 el 0 S5 e
A8 o (Sl )ie M

Lol ( HMobno 0,55y (e 025y Aty P! glaieds (58 £S5k b9y g nl
295 Solre (s3T5l 03l ol 0l o0l 50 jgu Cumsd (GiloporSlo Ban by o > g (Soleo
b yioloj] zols .cawl oad Jao N-arm bandit aliue _im ¢ 0985 (6 p53b disoj )3 Cgpme Pl 51 (S LB j
k8 sl 4 S sl e glaSuny lojen (R g 035k gm0 53 wiys Nl (nl dr g (bLS )28 5]
bls)l 5 yols (liagh b oS cul a8 )5 ©j50 slayinghy ) kol 45l 93 sl (6153k 5 (295 ©Mole
o=l ded il oas ke lodl )3 (g5 CMolre (o5l (635,54 ¢ drwgi gl alisre o gla g, 3,0
S 4 3999 bl o) o () b iy glis 5o &y oSl o0 5 imd S5 (5503151 3 L a3 S,
ol o5 Sloj Cupmdgn (g e Bl (698 (S S 4 (ied JOlE (1SSl Sl Bl & Canl Sloj unndga
Canldd S gy dod S o Hld) el (LSSl 4 05 iesd

il 5y Slos 5 SIS 1o wslais S Oyan (95 CMolre diej 43 ST &S Sla yimgh 5 (6 baw

1. Time windows 2. Thersholds
3. Reinforcement learning (RL) 4. Machine learning
5. Agent 6. Environment



el (FgB (653 g, I 83T b (g5 SMelre (351 il (6 jLwvdiate vy

(V) Cmoygmiigs 5 523555 LS 4 olgiiom o o) 31 48 o S jate () (Slo)lil 13 (295 ©Malas
25,5 03l VASY =¥+ +Y 05l ;5 plosws 033b ailjg, leMbl 51 ¢ 395 Molro (o351l yg05] (slys gl 3,8 o )]

oy (ol el Molae (st 53 (SMole Slacslyial g (ilgd ()b die 53 &5 sl (o3L ) WL
48,5 &y (035h e 0956 g y s d (658 oo ¢ SMolre slaaibin] dgus sl wSl) ol 4 bgsye
So sl o g3 wlowl o 1y Gigyd 98 <K 395 awyp 5D (g9 3,5 0,L3l (Y4 Y) P Ol o el
p23le b Jilawo I (lasgomme o ity ailinl gglaw 4 (ol jolatods g 3,8 puasd )y > S5 g B Caoid
A 098 il adllas 4 Solp Gl > (605 K b Jio S cov (Yua)‘“&;lj 9 95 Dy alinl maw ¢
.A.ZJ; O |) Ay &l 59]4» ‘LS}L”)‘W A_i..._i.a )] oslaiwl 9 S OYolro )| d‘“?ﬁ?‘-" J.'> L Lg‘j M]J).,
Sl g 253l 35y (S5r P S e 4 oy Jlan plS] 6 (sliae (Y41 1) T 5 SUlj s>
23,8 s 1y PHIB @ Yoles il oo 53 & ygody dingy SMolso (9568 ool i

L a8 oo 90 OU il 51 o8 (S 5 s S (el (V) +) "ol g5 Molas s b L3 3
SilomarSlo (sl &8 5,8 odnlie (55 .3y caslie (clanil Ll & Ldog Jge 8 S g loj (585 5
DS 5o 8 lee SLLI )lite )0 dige ol i)l Consd Siluper Slo 5 (Sloj S3lg p0 53 035l
53,8 oy dlolas y gla] oy e g 035l e 5 e 5 Sl cslal Sl L5 8l (Y1) Y s S5
0Slee lwper SLe Bun L OU aild (sl el )ly g ©Molao ayj jl (i B )5 dinge slaslh (o) 41
5 YSLSSS (clacS, 5 plas aliy, SleMbl g) 365 gy (silwadly b el izl ool sl )50 3500
2yl Jgeme sl p yod 51 6 yiae 3,Shas sl oadinlgiiin bods (o35l 48 15,8 osalie ¢ puns

5 6x5L o daroe Jlalll L g LS098 ©jgodn S conl Slusloe 3,09, (o9 (ol 550k
4ol sls @ caas (298 (Sl 51 oozl b o_\;i)@b.\o Jols .m0 plul 1) CBua s 1D (605 paouas
yoio g 3, S Sl 4 a8l Ja s Joe WS o L Cunl Y5 s ol plol (gl Jes dn g diS ol &
(S s @lye 13 oo o Sl (gl 1) ilises (slacslw Blgi oo Jole nl 25l Cundes 428 | g 00
Iy Hos @)lse 5l € &S cunl e — greedy cusluw ¢ Jos Ol gl Jglite (slacunlow dlos 510,55 L5 )
Ol Jl Jtas 9 (Bobad ©jg0 |y (Jos 2)lge T — € )35 039 Jolo jlas 51 35,1 it s> &5 055 o

A Rt T P

(VAL g plo) 48 (o0 Sl ol 35

1. Gatev, Goetzmann, and Rouwenhorst 2. Zhang
3. Gue and Zhang 4. Dai, Zhang and Zhu
5. Associated Hamilton-Jacobi-Bellman 6. Bertram

7. Zeng, & Lee 8. Sutton, & Barto



Yy ) b)w AR 8,93 dYaA ‘d’l‘o Oladsd

g CAld gud 4 S|y Loyt 5l (5SS Gl 2B 0985 (6 050b 00,65 4ol 5 (6500 yu8 4 angi b
sokaiodny o] 5l S’ (g Jgayd (ol ) ©pgodns s Cawd 3 gl g oS Hle g baome I by i
055> Sl los o Jlue )3 350 o0 ooliul pole calizeo (gloasli )3 Jluo 5l (o)bus gt 508 9 (sjloJde
3l Asho sl Wl g 023Ul (68 )54 5 00 g o] KLY (i | lgy g Colad pac 5 Jlo
(VA g3l g glo)

Capie 5 OMoles (sl )5 Capms g jlowar Sl 5 Q-leamning slaw s 5| (S 3 (Y- +) "ol 5 55
By 38 Je (ygeil 43 Shes wb gt )l s g Bllae Sg (638 S b gl k008 ety sy
plaw sLalil > Malae Ly 1) 395 o2 oS0l (siodgun ool 1532 0500 Canad 93 5 (sbljo 51 095 o2yo0l )3
53y slimyt (Slppimgs 3y Slos yidiy Gial38l an b (Y- +V) ' Sgn 5 ol Sy o J idhs ol (25
Jele izl odlisl (gblie (605, L gl (ol 3,509, 0,8 &)l ploow olra (sl (92l (55
EMole plosl 4y plos (65 Cuasd g L35 Cloganss plgs plosl sl Y (S L5 dliwoges Q-learning
bl 53 Vil g Job o glgl (605 5 (siloie sl (gl Sl 51 (Ve o1) T gy s lo g ploes
48 B8 5Le alh lyicas 1y plow Cund i Ao (59 3,5 o3l plaw Cunsd sty i sl (s
Plas Ceasd (sloig) 51065 sy )3 (55085 Jai > 08 alry (g 65Ok pinygS slie 2 |y o s
St o (Y2 1) Tl g (290 3,8 oalisinl g5 (61551 0 s ol Sl 20 iedd Sl 9
S jglatedy g a0l Slindey iiame (b9 (6L Loy (SHebae slapiun 5 ool (siluding
Capes 395 imginy 55 Ladl 33,8 &)1 1) 395 o 00pel "RRL 4 3Llail ooy oS e )i Loy (locamslins
Bhb die) 3 485 Ojgo Cliind 4 drgi b BS54 gded gilwdinge sl |y (ite Sl g )L
2 o599 Molro plonil g o855y (gjldingy polaiods (yrdle (£3050k 2) iman g (29) SHolre (g5l
P yiehl sl dine GBSl g (295 SHelae 3l gilwding clp (s xS whyeN I pol iag
ol 04 odlail  SMoleo (s3]l Syl )

g3 wliig y

b zuxai O¥ ol g (Sbililpd

Jraloss pslateds 5 o)l (sl o 3t )13l lsisas (VAAY) 7120555 adgl alis 51 5 i (Sxililen
SLabyy bbb gla e (o Blo (b)) 5l og0s (o5pde @Bly 3 (Kudlilen 03 e (o3baidl Jiluws

Ot o) 3148 0,1 0925 (295 e Melre plodl )3 bt ggj Bl pslaieds (Suilolen g3l (sl (gdse

1. Gao, & Chan 2. Lee, Park, Lee, & Hong
3. Won Lee 4. Moody and Saftell
5. Recurrent Reinforcement Learning 6. Granger



el (FgB (653 g, I 83T b (g5 SMelre (351 il (6 jLwvdiate e

Syt omilagy s ) Simgsy el 15 0,5 0)al (VM) " pguilangy sy 5 (VAAY) 28,5 — ISl g, 4 lsiee
& e . . ‘“ A .— . e
9 oo 4) o daly p (e gl o SO (g, 5l 45 Cunl puite Wiy s 4 Jodm (S0d g0l paes @Bl

S oo 03lits] (Suloled oy polaieds ol dasute gladdy,

St 8 5393 o293 Malae 5 351 st
Baluas 19, 5 035y Uleb (oaluatdl loj (slacs o 1 (5l 48l ] (Sablilon o g i o ol
Mgy (94 5 039 Llo o)lgan (b psiio (pl 5 dad (S SO seiily 3 ol (e Lol iy dalS L ilsal
Dgd o )l ol Cuound aw LB jd  Siilsled 3,54, b () Molre (655 ptwl Cuand (pl 43 il Bolas

Jlesl L Gidgin ool 5o il cwlio plow zg5 bl o 295 ©Molro (o35l (glyal 0 pl8 (i
ol yiding Sy Cao SOl mhew 99 O (Siilslen alaily dgng Jlein] 45 Lol I ol osd pladl o5yl
SMolae sy e ((SHgBIE Gliee wlo (2lojline Jlosl b g Corio S )3 39290 plow (o | Sl ol
plow z9j (—iosd OleMbl Iy sl yimgiy 5 .l odd didlyy LA plows o5 bl 4 (Molre w4
5 s b yinS «Olplo Lo cde SSU eyl s s (iYL - leY el (iYL dolo 5058 ol slacs i
ol 04 odlanl Hlail SSL - clydlo SOb g (ot oy — lowyby 55

aolro g W jiol)l ez jolaieds (o)b p (sllad uonal Yol ¢ 8 dls o 10 LUK plows zo5 bl 5l
SaeolsgS alaly Wb (eolaidl Gaenils dlayly o b blie (50,5 audd Ly g 0 03] (eSS ¢ ewd JuslaS
i e S ECM aS |y > o il aislh g9 sy Pl & Joas (gl Ml zuzual 8 g5le g0
3929 5895w ;5T xly yo amd o oyl dedily Jole alaly & e (gl GaeolisS o 1) oSiwd (gla pusiio
Olse Gaedidy ) (gladaly ps wad awi caeaddy (ol alayly 5l Joled pas 4y s bd jusio oS Al sl
sl Sy il (S5l ECM piline  Sublilen s 03y L &S jobo ot gy cpl 510945 cod 58 W pusito
) 33 g ey Jole 5 oS ol Sl oul 15U cou bl Slej wgy 48 canl o] (Sudlslen (slayls ol
onSe s bypsie jl Sy Slpss JBls a8 205 o5b Gredily Jol & i S5 Sygee )0 (el opl g
Al bbbl ol pae

il pj ©ygo 4B g A (plew b (2l)lb)jeite 53 sl Cenily Jols Ly,

1. Engle and Granger

2. Johansen

3. Dickey fuller test

4. Error Correction Model (ECM)



Yo ] b)w AR 8,93 dYaA ‘d’l‘o Oladsd

AAy = ap(Apy — BAr—1 +pg) + -+ ear () alaly

AB, = ag(Bi—qy — BBr—q + pp) + -+ &gt (¥ abal,

B g A e o 3late Slej (slogs o 4 bgrpo i g5 Sul3 s S Epr 9 Ear F 9 ) sladlal,

LB B g A e o bgiye Sloj (g 93 Sl 398 ©Yole 3 S gl (s a5 A 9 Ay i
) o lid 1y (Sibliled oy 0 B yielyl g Cunl 598 OV¥olre )0 ol Codgizs lgicds pyal )l ind oo

OlgSiee 9 358 50 04al (glogd JSWE &S )15 o )Lil ety (Jols Ll 4 YL Lailg) ) sl B o)le

2,5 (il (Er) b B9 Ojle S g (1) 5Sle S (G o ©ygots ]y
Apy—=PBBiatp=u+t+ & (¥ akal,

Al 9y crl 3l og Wl o (b b (1 Ske syl ceid Joli  Sililes Conls 4 dn g b e8]

spread — mean(spread)
STD (spread)

indicator = ("c abayl,

5 295 Ol splpul (b dayiel)ly (2035 5 1yl G2l Sl calio ploww z95 Ll )
295 Malae (BTl (b ¢ 295 ©olre )3 pre sl slaisn | (S @ly 53 g dalg Jaise ol (o2
sl ] sl el ly aine yu3lie e g
n s clio sla yils Ll a8ly 55 'l yial )l Saore o555 (sl calio Sloj ooy Slsesl .
ol (giand Jola5 ddlre dazee (1050 5 (Nidililed colys g ool pess o Siiililen O?"}T
& al o . . . PR AR - vo. .
‘u_i._wblﬁ,_m w|)_ao cL;)MALv.A 133 uLo) [WIRV J9.L> 2 “_,’_iwblwm 939 Cyguo yd ! L,;:Mol:w 0y Y
Dgr dialed oo send ol alolee g bajiolyly uolio
s JiS s joio yohaiods o Sl :Sile oyl o YUy plbailin] & (A) Mebeo gloailis] ¥
CopBon i johaiods &5 A cladilin] | 5 g e Sl (ke Byb 93 3 pladibul s s ¥
oaly 5 (29) ©Meles (3Tl (oS il (S B9 oo 02latul jin jpo Jl S le 9 )0 Pl
b sl s Cusbge At e Sl (pl & Gl iisenily (:0ke 5 (ed Joli5 G G5k (0

e o lis

1. Estimation window
2. Trading window



el (FgB (653 g, I 83T b (g5 SMelre (351 il (6 jLwvdiate A

028 03kl gixd yg S (SilomoniSle B b g o jiehly ol it polie Bl (sl (o 6530 J) g
L el cdalas o cslo ol S o (sl als (spolie panass slras RL (5 5% b gily 55 .ol
Oyamodn yioh)l s opl &S sl pusly A8 o Ol 05 slaBliasT g lady o0 4 an gl b 1y digs (sl ol )y
2 ol 2 Slas 5 g8 6500 w0ysNl (655,54 (SisSe 8l Jol Slrpsgs gl (o ko ALl o sy
Ll ol &3] (gan Cuowd

S S e ol a8 a0 j0 e el ol Hlade 1 gend Jola Glysol b (ol glynl yo
255 sy g5ty gl ) Moleo slacumdge S ual Iy Gloj 0)93 ol 4 bgaye (i b YL A (slaailil
L2 060ke 4 (gieud JSli5 cutSiL g Bl ool Mol el 93 51 (S g8 5l 9 0,55k (2l 90 L] 19)
0P @l 5 SleMbl 1505 )b b 258 o0 diy (Mol CapmByo ugSine slacundse BST L o s> I Heue L
o)Ll &S pobo e S oo (6 S el 0 by el e 4 (23)lde (sl 0)lgd whayeSl g 003 S9)4 ek yeSl
Pl (5855 55 53 b oo 3,8kee ioxiw (sl (siline 5 B @b iy giiygm Cond | g ol 3 b
Gl oad odlatw] Sy g 035l

ayang Ly g on,S 5055 bame o ols ol o S5 Laee 5 ol Lol adlie 50 5 Lol g5
2253 Jole (9B (63650h )3 (o yobds WS (o Sluyiorn |y 295 ok o S (o lame 1 45T (63,955
930k e JWl (") oam <l 4 o] pbsil 9 3¢5 Jlasl (slad I (@) os obesl b wsly 8 s clls ) dlasd
Jos plxl 55 cls )3 jais 5093 4,55 el Cundty (bl olil (e 8 o By Lo I (1) 3bL
oe38) Al oy aadplonl Jas g jlai do b Sl b)) e Jule 428 Glusigyh S e Sl)ig)nr ], a
9 g0 48)5 S 5 daily Joo - b (5] (50055 (Sloyjgrt sl el (Jos - b 5]

ool Cawd 4 ol X (63 S0b Fi+ S ped > Mds eSS

@yl (Joole (Sas gl )3 b oo (B loj GRIBIL g 0392 [+)] G 5345 (@) 6350k i
395 Jos b o)) e 3 Jale Cunnl lie 1l g 4Bl (glay o bl )3 Jole o8 T ccsl Y 4 S0
310y el s a3 Jele a8 bl 5oy a8l b sl ol oS e cdlyd b 54 (63,65 5b 4
231y bama 310,085 58U g 00l gy Catl 395 Jrae - o 5] oS 4 Canl it 25 o Laoma
wrd ) e jld) dasre 3095 Su5 Job 0 Wl o Jole cplply ey yials Las sl e Slyje,a
Sl 0gn ol S diidn (gl |y paeual (p e cdlisee slacdls (0 5008 Slolis

S9- &bls ;> N-arm bandit .cwl n-arm bandit aliuws ¢ e85 (¢SO dio; )d Bgymo Jluws 3| (S



v ) b)w ) 8,93 AYaA ‘d’l‘o Oladsd

Ols=edn ilsiel «gjlh olwd & bgiyo pyal (08 axdd jo Ll 00l JiSi5 00l Nl a8 ol (53 alwsg
S 2l el cue8 (6530b o Ao [yl g so 03l sl g 48,3 3lai S 5L 4 oKD lawgl ol
=hb el dasre 5 B an-arm bandit alius (9,8 Jao b 500 lo 4y g oo ookl 015,518 Jele
cdl SOl b wlls bas diue ol 55 3590 cawd a1y olKwd b (65b 5l (Ko jlitel oy Wl b 08 o
9 Uj u.,\.._mf np)_MI ul.’x.ul )‘ o J.nl.c 41>).n Jr IR teewr) olKd L;Lh‘n).b:] Sldas KJ‘-Q—CI dLaS 9 dgud o0 ,J...i.u.u
8l jlaiel g w00 )S Gl aiS lp 1y (65500 p bl Wlg o a8 30,8 o3l (b & o)lgd ¢jliel 18,5
BB o Cowd Ay (¢ ynden el e uSile 451y eynl ¢ SIS clady o p3,50] Cawddy ¢ e LT L A o
o35 el aS o yal Gl Coucnl g al ials Jole (6,530 i oyl SO sl iol38l b ST sl
b Rl ol (e 55)]

S 295 SMalre y3 odal Cunddy 39w 13,5 Ao ¢lp 9 <85 ol N-arm bandit aliue 3| o5 o
s i elge s oloj Jgb 3 e 53 18y s o ol 0,8 b g5 653k o Jole
98 635 Jole S (b sy oo )5 & s 1) S 03l (S g0ty elge ] (3,5 S g
Al i slabey 5l pael )l WS Jae ogd a0 U o] 8l g5 5l Jatee 1 cilisce alad e Jolge wlgn a8

5 48 Obesl el by sla yel)b (gl owolio jlade tusl Jole g o b 55 p G &S oy cdls oyl 4o
oloj il o ulply 058 i 55 (B lgisay 1) ool Cowday 519 Cod i ey St Sl g
yol)ly jlas Jolis ¢ Jole Jloel (slad nimd o JoSis 1) cdls § (Sob i (3 oS Canl (5595, 505 b
oo sl s sie 395 Jas = s 355 038 by sl g5y 5 3L plSin 5o Jole o cul o ol
= el o)) puedS el Cundds g yow Cass 1 o0ltl b g8y oy diaan 5| e g 03,5 Sl L yxal )b
2 Sl )lde il n-arm bandit alie giiy o (515 5 lej 2 K3 gl 4 WS Slayiern |y 36 Jes
ol sty ly Sl ol ol B 55 S gm s 58530 85 (Sleg 5 8 S ool iabl e 3 S
ez 5 00Bil (2985 03lgd & Slo oo ylatie § 33,5 o3l 395 adgl s 0)lgd ol 5 398 g0 (Slyi9y4 05
Slaslaiwen ped yial)ly 53 polie g diwnd Jol yolyl 90 polie b olo &S job ylen S Clsail 1y Koo Jlade
A Ly s s el 9 W yal)b 93 dlie can] dtnS Jlos! (clad m-arm bandit i , 45 bl
SOy Cwl a0l by jielyl Jloa plod polie s ouiS o diunS (anlg +/0 Jlio joboay) B> 8,5
n-arm bandit diwe > pyal S od il @8ly 1) g o Camne Jos S i yiol )l Hlide plos e Sl
oS oo Silwdads 9 03,8 b |y Jole ¢« n-arm bandit aliwe alie 95 GYolee dlinse (gilo e b (diiun
ol 1y (A sla by sl 4 Comd (585 (6650k bole (Sl ooloiy Uag) (1352 o el Cunday s



el (FgB (653 g, I 83T b (g5 SMelre (351 il (6 jLwvdiate YA

Algorithm 1 (RL Pairs Trading)

Input: Stock A, Stock B

—_

Initialization:
actionspace,ys < [Onx1, Stoploss,x,, estimation window,,x,, tradingwindow,, 1 |
numofiteration « maxnumberofiteration
For episode « 1 to numofiteration
action « choose action based on epsilon greedy policy
reward « performaction(action, 4, B)
action update(action, reward)
end
return sortino ratio.

N

e A

Output: Sortino Ratio
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