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¥ Time series prediction with ASTA
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Wanted:

A test bench for old and new trading strategies

Two F lati f the Prediction Task

Methods with a fixed prediction horizon
- "The Time Series Approach”
- "The Trading Rule Approach”

Drakhl n
Froniems:

An interactive development tool for trading rules

We don’t necessarily intend to sell the stocks A days

An non-interactive development tool for trading rules

Data generation for post processing

after we bought them

Methods with no fixed prediction horizon

Problem:

© Thomas Helstrom 1999

Fewer points give lower statistical significance

© Thomas Hellsrom 1995

The Trading Rule Approach:

[Buy g(X() >0
T(t) = DSell S g(X(@) <0

Design Idea for an Artifical Trader

Ebo nothing : otherwise

The trading algorithm is expressed as a Buy Rule and

X(t) = (Ry(t),..., Ry(t) a Sell Rule:
X can be: Past values of C,H,L,V
or derived entities: Volatility, Trend, ... Buy Rule :

Close(T)>Close(T-1) & Volume(T)>mean(Volume(T-10:T))

Find a function g that produces the best

performance at a fixed prediction horizon OR
when applying the trading rule T

Drawback: Statistical significance;

~ TheBuyandSell signalsare<<N |
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Sell Rule :
Loss>10 % | Profit>20% | Trend<-2%

© Thomas Helrom 1995




What Is Good Performance?

Basic Architecture of ASTA

Operations Attributes
» Initialize » Stock data
» Step in time » Index

» Current time T

@ Which performance measures are relevant

—— Total profit
— Average profit per day
— Profit per year
— Number of trades

@ What is the best way to measure the performance

Operations Attributes
» Initialize » Portfolio
» Buy recommendations » Cash
» Sell recommendations » Wealth
» Buy » Buy rule

» Other parameters

@ To what do we compare when we say it’s good ?

<o
—

= Buy rule : Close(T) > max(High,T-10:T-1)
— Benchmarks: Offical Stock Indexes - Sell rule : Loss>10 | Profit>30
o ——> Mean profit above index= 5.3 %
W ww
7 8
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Equity curves for Trading (583%) and Index (310%)
Stocks. From date To date Coutage (%)  Min Courtage ~ Minbuy (%) Max buy (%) Initial Cash, 3
pertrade partrade
[ sxc [ 87 I 57 [ o.1s [ 50 [ B [ 20 [~ 100000 B “/‘!lt
Gynis [ e D i 4 "“‘/
Sell s [Loss>10 | Profitssn JSE|
Parameter Values )
Rin | Savegraph | Optimize | M»ﬂ/‘ﬂ
—|Market: 32 stocks. Dates: 620104-980403 (4071 days) Dump Trades By price: Sell price: JEHEE Jang8 Jang0 Jang2 Jangd Jang6 Jang8
Load astasxg I Towindow  C Today's € Today's
— - ND T O o Mean annual profits Trading22% Index: 1%
Save I™ Diagram z
Rt =
[iaaund prosices 2 =
87 88 89 20 o1 92 93 94 95 96 o7 Mean  Total £
Scrategy profic 3.5 48.4 30.2 -22.7 2.2 4.7 618 18.3 4L.6 32.5 20.5 216 8.3 =
Index profit -7.9 51.9 22.8 -29.7 5.4 -0.0 52.1 4. 18.3 38.2 23.8 16.3  310.3 &
bitzerence protic i 4.3 3.5 7. 7.0 6. 4.7 .7 13.7 2.3 5.7 0.3 CED 270 = 0
[umber of trades : 79 31 45 e 1 93 1 sa a7 s a5 s ase =
=
[Suiteh o graph vindov for perorance plots = 50
& 8 89 90 91 92 93 94 9 9B 9
T - Buy: Close(T)>Maxx(High',10,7-1)  Sell: Loss>10 | Profit>30
9 10
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Trading Simulation of the Stochastics Indicator Performance of the Stochastics Indicator
ASTA Equity curves for Trading (3759%) and Index (310%)
Stocks. From date To date Courtage (%) Min Courtage Min buy (%) Max buy (%) Initial Cash 50 T
per o trade N
[ s [ & [ o [ o1 [ o [ s [ 2o [ 100000 / W
| a0 s
Buy e [Stoch(30,3,3,20,80150 JeIE| M
Sl ule [eoen50,5,5,70, 010 3| 20 o6
Parsmeter  Values 0
Rin | Sweguph | L | — — N A ]
i ——
Market: 32 stocks. Dates: 820104980409 (4071 days) Dump Trades By price Sell prce Jand Jandd Jan Jang2 Jangd Jangb Jand
L toad [ escasg I Tovindow  CTodays  CTodays Wean annual profits Trading:51% Index: 16%
Generate S5 I Tofle © Tomorows @ Tomarrow's = 300 -
[ — I Diagram &) I
s 2m
Perfomance: ] 2
91 92 53 s 95 95 37 Mean Toral = 100
Stravegy protic 18.7 4.5 2795 28.0 24.5 3.0 2.3 SLL 3758.6 g l_‘
Tndex profic sa - s 10 sls 16 sios 2
Ditterence protic 1305 3452275 235 6.2 -5.1 20,3 CGAiD 34e.5 2 0 ;
Mumber of trades G 8 as e a3 S0 e 54 sse £ :
= -100 L
[Sviceh co graph window for perzormance plots & 88 83 90 9 92 93 94 95 96 oF
Buy: Stoch(30332080)-0 Sell: Stoch(30 3,3 20,80)<0
[ End
11 12
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Predefined Functions in ASTA

Using the Trader as an Objective Function

p = fasta(BuyRule, SellRule)

® Feature function:

Example:

— Close, High, Low, Volume, Rank, Trend, Volatility,...

@ Indicator functions:

p = fasta(‘“Trend5>0.5 & Gvol5>1.5’, ‘Loss>10 | Profit>20’)

Strategies:

@ Parameterize the Buy Rule and Sell Rule:
— Buy Rule: * Trend5>a & Gvol5>b-’

T 7 T I d T T “
Months, Daysin, Profit, Loss, Potential... — Sell Rule: ‘ Loss>c | Profit>d’
i — Optimize P w.r.t a,b,candd
© Opel.'ator functions: . @ The Buy Rule and Sell Rule are symbolic expressions
= Min, Max, Mav, Crossings, Repeats,.... — Create new rules by combining functions and operators with
genetic methods for example
© Thomas Hellstrom 1999 13 @ Thomas Hellstrom 1999 1
The Stochastics Indicat ) )
Definition: - Electrolux B
Stoch[K,Ks,D,Buylevel, Sellevel](t)= a0 N
(Close(T)-L) / (H-L) = s s
N0 of
where 2501 L
- 200
—L——*mav(nﬂn(—l:ow(t—l&t—))—,l(s)— Jan9s AprI6 Julgs Oct96 Jang?
H= mav(max(High(t-K:t)) ,KS) - Stochastics indicator
Decision rule: L vl i
4B.u¥_if_s.toﬂh®28—u¥lelel §5D vf \/ \v/ \vﬁ V\/ \u\f\/ \
Sell if Stoch(t)<Sellevel O s e —
Jange Aprde Julde Qctds Jand?
Buy: Stoch(30,3,3,20 B0, PLOT)>0 Sell: Stoch(3n,3,3,20 A0)<0
© Thomas Hellstrom 1999 B © Thomas Hellstrom 1999 (6

One Curve per Year
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Risk

The function P(0) is stochastic
and has no well-defined “maximum”

E[P(6)]

Modified Sharpe Ratio:
VIP(6)]

Outliers removed

Entities to maximize:

® The mean value: E[P(0)]

& Thel limit of fid . I:

e ratio
P o
=

Shary
o

P... =E[P(6)]--/V[P(6)]

o
=

E[PE)]

& The Sharpe Ratio: V[PO)]

o
1Ny
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_ No Trading, Just Short Interest Rate Surprinsingly Enough....
0C re early the bes ernative
ASTA Historically!
Stocks From date To date Transaction Min trans- Min buy (%) Max buy (%) Initial Cash
cost (%) action cost per trade per trade
s [ e [ o7 [ o1 [ o = [ 2o [ 100000 Equity curves for Trading (153%) and Index (345%)
Buy e [ <] p = Wl
Sell rule. <|>| s
[ [ o
Predict [ ot
Predictor [ o
—— Market: 32 stocks. Dates: 820104-980409 (4141 days) Dump Trades By price: Sell price: JanB8 Jan0 Jand2 Jang4 Jan% Jan%8
Load |[ asca0 I Towindow @ Todays @ Today’s Mean annual profts Trading:10% Index:19%
Generate. I Tofile € Tomorrows ¢ Tomarrow's ) i
Save I/ Diagram 3 |
i B | |
nnual profite: g |
% s 94 95 95 97 Meam Toval g
Strategy profic 13.9 8.8 7.7 8.1 6.1 4.2 9.8 152.5 =
Index profit Sl s 46 185 ssz zsie 1.7 3a5a £
Difference profit 13.9 -43.3 3.1 -9.1 -32.1 -19.6 -9.0 -192.8 8 89 9% 91 @ 93 94 %6 % I
Naber of trades o ° °
Isuicen co graph vindoe for performance plots * Stocks have been worse than a bank account 4 out of 11 years...
Mutigle uns Random Parsmeter  Values Save oraph Help * Equally good between Jan88 and Jan95
Run [ T [ B Sweep [ I Menu End
21 22
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e T Yo e Lottt ASTA
oo AN S . .
| " Booknais & Lossion [t /v convinion e Fromo-uaziwashos=ToTo (=] " Whats elsied Stacks From date Tmsaclon  Mintiane: - Minbuy (6 Maxbuy (09 lnal Cash
1 o Pl Fl cost (%) action cost per trade per trade
=] WL 5 [ o [ =0 [ s [ 20 [ <o0000
Buy rule [Trenak(z0j<0 & Gvolio<o <3|
Sell ule [Loss>10 | Prozat>zo V(T)-m(T) <[>
Predict rcwim=—
Predicter 5( )
100 y(T) - y(T -K
Trend(q) =200 YN -yT =)
aret Kk y(T-K mm pice
Loai oday's
g IR P | — omarows ]
A Market strength (bullish) Save — n=
|B. Market weakness (bearish) sMm=
|c canttell Performance: _—
Wean Anmial profice for 10 trading stmilavions (randoms0):
o es es s o1 e s 91 95 85 97 Meam Toval
The correct answer is Strategy profit §5.9 16.3 -28.6 15.1 20.2 71.0 7.5 12.4 38.2 42.7 22.2  585.0
A. Market strength (bullish) Distecence prosic 30 e 1 9.7 202 e a0 -se 0.0 s CSI) 2T
A decline in volume often indicates that a trend is running out of St.dev. Diff.profit: PR 7 5 M ° 5 < 2 M -
steam. In this situation, in which prices are falling, a technical analyst Muber of trades % o s 74 a7 &1 a8 45 so 63 sa 207
could conclude that the decline involume is a bullish sign because
the downtrend may be ending. In our course, you'll leam to use |:mccx to graph window for performance plots
tge[gyc‘z‘gcg‘rawnha(l\vegrgn:rgkgt‘gead‘ng‘ directional indicator for individual Mulile runs Random R [P Tooen Help
| Run [ 10 50 Sweep Menu End
. L (o se g9 e 2| ) 23 I | I T 2




Buy in Downtrend combined with
Decline in traded Volume

Standard deviation for profit above index (average:8)

Ranking Stock Returns R(t)

The k - day rank for stock m is defined as :
order (RP (), {RE(M.... RI®} )-1
N-1

0.5

—  Rank J(t) =

std(Trading-Index)

T L ]

87 8 83 90 91 92 93 94 95 96 97

[ ]
1

Mean annual profits for 10 runs Trading:22% Index:16%

The stock with highest R gets rank 0.5
The stock with lowest R gets rank -0.5
The median stock gets Rank=0

Nice things about ranks:

0 Predicting the rank is as good as predicting the

Trading (left) Index (right)

87 8 89 90 91 92 93 94 95 96 97
Buy: Trendk(20)<0 & Gvol10<0  Sell: Loss>10 | Profit>20

Better than index 9 out of 11 years.

Ivtul no

0 Clear benchmark: hit rate for sign > 50%

0 Uniform distribution

0 The effect of global events gets automatically
incorporated

The mean excess profit 5.9% is however

less than the standard deviation 8% 25
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One-Day Memory in the Ranks

— One-Day Memory in the Ranks

one curve per year 1987-1997
207 stocks

Rank, (t +1) tabulated as a function of Rank,(t)
207 Swedish stocks 1987-1997
Rank(t)

‘Rank(tﬂ) -0.45| -0.35| -0.35] -0.15] -0.05| 0.05[ 0.15| 0.25[ 0.35 0.45
|Fraction%>0 59.4| 529| 49.1| 47.3 48| 49.6] 49.5| 48.2]| 47.8 46.4

-0:0141 -0.033

0.1

o
=)
>

k = 1 = 11 11 4 . 1
an-rank 0.067| 0-017] -0-005] -0-011| -0.0311| -0.004| -0.005] -0-01

‘no. of obs. | 30878| 30866/ 31685| 30837| 30434| 31009 31258[30539| 30951| 31550

o

With 59.4% probability:
0 The worst performing 10% of the stocks will be in the

upper half next day.

-day rank 1 day ahead

-0.05

Mean 1

O This prediction can be done EVERY day (since there is

always a worst performing 10%)

O
o
o

0.5

27
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0
1-day rank
data from the Swedish stock market

© Thomas Hellsrom 1995

Five-Day Memory in the Ranks

Rank (t + 5) tabulated as a function of Rank(t)
207 Swedish stocks 1987-1997

Five-Day Memory in the Ranks
one curve per year 1987-1997
207 stocks

0.1

Rank(t)
[Rankie:5) sl ol ol o o ol sl ol ool o
[Fraction%>° 56.5 51.9] 50.1] 50.3 50| 50.2| 49.4| 48.4 484 44.3
[Mean rank 0.04 0.01 0 0| 0| 0 0] -0.01] -0.01] -0.04
[no. of obs. 30692 30689| 31485| 30652| 30286| 30772| 30955| 30349| 30644 31026

o
=)
)

With 56.5% probability:
; o . .

upper half next day.

O This prediction can be done EVERY day (since there is

always a worst performing 10%).

o
o
5

Mean 5-day rank 5 days ahead
o

0
5-day rank

29
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data from the Swedish stock market
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How About Predicting Ranks? Trading the 5-day rank in ASTA. 207 stocks

Iean annual profits for 10 runs Trading:45% Index:16%
T T

\deas: gﬁm | s;tne than Ind
O Use the rank variables as inputs and/or 5™ i ! Soutof 11 years
outputs in a time series prediction. E.g: = 100 i
- Rank,(t+D=g(Rank, (1), Rank,(t-1),..Rank,(t-k)) | s o= B ‘T b
or E o : ; :

55 9 90 91 92 93 W 95 B W
Rank, (t +1) =g( R, (), Rs(t),....R, (1)) ‘ buy the loosers, I_. Buy: Rank5=0.45 Sell: Ranks=0.43

sell the winners

the function g may be a neUral network Iean annual profits for 10 runs Trading:5% Index:16%

=
=)

fuzzy rule base etc. : " Better than Index
1 out of 11 years

a0

0 Formulate Trading rules based on rank o m 1‘ B ﬂ
variables. E.g: [J : ;

a0

Trading (left) Index (right)

Buy if Rank, (t) < -0.40 AND Rank,(t) <0.3 68 B9 S0 91 92 93 94 95 BB o7
Y 0 s buy the winners, I—bBuy Rank5>0.48 Sell Rank5<D 48

31
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ASTA Standard deviation for profit above index (average:34)
150 —
Stocks From date To date Transaction Min trans- Minbuy (%)  Maxbuy (%) Initial Cash T T
cost (%) action cost per trade per trade =
| T — = [ o [ % — — [ 100000 b
Buy e [Ranks<-0.45 & Netocks==0 S =
Sell ule [Ranks>0.48 | Loss>10 | Profit>3n <[> E
Predict [ @
Predictor I
8 88 8 90 91 92 93 94 95 9% o7
_ Market: 207 stocks. Dates: 820104-980409 (4156 days) Dump Trades  Buy price: Sell price: — Mean annual profits for 10 runs Trading 77% ndex16%
g:77% 3
Load astabig I Towindow @ Today's @ Today's = 400 . =
Generate I Tofie € Tomorrow's € Tomorrow's = B _‘
£ am :
Save I Diagram = | I
Zm
‘erformance: =
e s 63 S0 1 sz 93 53 5 55 57 Mean Total 2
lscracesy profic  : Ss.5 $5.8 13.8 3.3 32.7226.1318.5 49.4 12.0 $3.7 17.0  76.6 18976. =
protic . 7ls sis 2209 -29.7 5.4 0.0 Se.i a6 1803 as. 23.8 e s | £ 0 -
Diteerence protic | s4 7ia 52 390 a7.s ared eer ane e 166 e lssss.s 3 C
st.cev. Dizz.profic: 21 ds i1 e 33 4 w0 iz 8 iz is 1 ~ 00 L
pumber of trages i 117 67 S0 111 157 232 172 144 118 sz 241 136 1481 g7 88 83 90 91 92 93 94 95 % o7
[Srapn vindos hoo been saved: Buy: Rank5<-0.48 & Nstocks==0 Sell: Rank5>0.48 | Loss>10 | Profit=30
Multiple runs~~ Random Parameter Values Save graph Help
Run [ = sweep || I Meny End
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ASTA for Time Series Analysis
Prediction of Generalindex(T) from Generalindex(T-1)
Find a function g: ASTA

The Time Series Approach

= Stocks Fromdate  To date Transaction  Mintrans-  Minbuy (%) Max buy (%) Iniil Cash
5 =LYl cost (%) actioncost  perfrade partrade
[smm [ e | s [ o1s [ s [ o [ 2 [ toooon

h i th, + far-the-ckack i
WITCTC Y 15 UNE TCLUMNTisS 101 U1e SLOCK PriLes

Buynie [ 23]
selle EE|
A . Predict [Trendk(1, 1)
Minimize the RMSE: P [T
1N , ket 52 tocke.Daes: 201OASRO4C9 (141 days)  DumpTrdes Buy i Sollprie
Ph(t) = |= Y (g(t) - y(t + h)) Load [ save0 I Tovindow G Todays @ Todey's
V N f?f Generate | [ Tofle ¢ Tomorrows  Tomorows
Save I Diagram

erformance:

OR Maximize the hit rate for the sign predictions: R —

5% Generalindex 143 as.a7 zise (ETaD) 2102

He {tly®g®)>0,t=1,N} |
{tly®g®)#0,t=1,N} |

B oD o Parameter| Valies Savelgraphi| | IuReE|
= [T | e — —] Sweep | I Meny End
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Prediction of Generalindex from Dow Jones

Prediction of Generalindex from Dow Jones
with Volume Selection

Stacks Fromdate  To date Tvvﬂmcﬂ"" M“""'“Z M‘"‘W; (%) M".h:Y (%) Initial Cash Stocks Fromdate  To date Transaction  Mintrans-  Minbuy (%) Max buy (%) Initial Cash
cost (%) actioncost pertrade pertrade cost(¥)  actioncost pertrade pertrade
[Tszeaw [~ es [ 97 [ os [ so [ o [z [ 00000 [swomn [ s [ 7 [ oas [ s [ o [ 2z [ 100000
Buynle [ | Buynle  [ovels(moL E|
Sellnde [ JiF| Sellnle [T E|
Predict [Teendi(1, 1) Predict [Teende(1, 1)
Prodictor [ Teena(1, 7-1,03) Predictor [ Trandx(1,1-1,03)
Market: 32 stocks. Dates: 620104980409 (4141 days)  Dump Trades  Buy price:  Sell price: Market: 32 stocks. Dates: 620104980409 (4141 days)  Dump Trades Buy price:  Sell price:
Load [[estan [ Towindow @ Todays € Today's Load asta0 I Tovindow @ Todays Today's
Geneate |[— CTofle € Tomorows € Tomariows Generate [ CTofle O Tomorrows O Tomoriows
Save I Diagram | — I Diagram
erformance Performance:
FESULT OF TINE SERIES PREDICTION [RESULT OF TINE SERIES PREDICTIONS
Stock ruse nmse  npred hitrate nonzero cock rmse  mrmse  mpred higraze nonzerg
SE Generalindex 112 17.00 2083 2002
5% Generalindex T sest o ass QoD Caied)

Kean values: 114 17.00 2083 se.74 2002 nean vaines: 143 s.s1 453 e2.a1 4ds
[Sviceh co graph windov for performance plote BT r————

Muttiple runs  Random Parameter  Values Save graph Help Multiple runs ~ Random Parameter  Values Savegraph | Help |
Lmm [ o [ swe |l I L Meny | End p | S T 2| I _ Mew | Ew =

© Themas Helistrom 1999
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Usina-ASTA-Nen-I. ivell

Covariance Analysis of 1-Day-Returns for 6 Indexes

Dates: 890102-971229 approx. 2000 data points
'] 3 [ 3 DJ SP500 Nikkei50 DAX SXGEN FTSE100
for Time Series Predictions - -~ v B S v iV
SP500 53.66 51.27 55.26 60.74 58.83 56.69
Nikkei50 54.04 53.85 50.15 50.41 51.77 49.01
. . DAX 49.62 49.90 51.67 50.58 52.41 49.63
A matlab function returns the performance: SXGEN 50.46 51.45 53.14 53.86 57.40 19.85
—_ H i FTSE100 49.95 51.49 53.92 54.07 54.10 50.10
p taSta(predICt’ predICtor) Naive 55.03 54.78 49.30 53.54 52.48 52.91
Selection: 1l-day-return > 0.5 approx. 500 points left after selection
Example:
> tasta( ‘Trendk(1,T+1)’ , ‘Trendk(ll‘r)’ , [87 97], ‘SXGEN’) Hitrate (%) DJ SP500 Nikkei50 DAX SXGEN FTSE100
DJ 56.71 55.47 58.45 69.58 70.85 65.94
> 57.42 SP500 61.40 56.74 57.08 73.76 69.90 68.69
Nikkei50 60.07 59.40 48.82 53.14 52.61 50.17
DAX 51.55 52.17 52.40 53.75 53.54 51.13
SXGEN 56.30 55.74 53.67 58.40 62.78 53.52
FTSE100 55.23 55.81 56.39 61.23 59.75 54.72
Naive 55.03 54.78 49.30 53.54 52.48 52.91

© Thomas Helstrom 1999
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E.g: The in 58-.74% of the
cases the same as the sign of the return for SXGEN at time T+1
Selecting only those cases where the return for Dow Jones>0.5%/day

auses this figure to increase to 70.85%. 40
& Thomas Helsaom 1993

ign of a return at time T for Dow Jones i

Prediction of 1-Day Return for
the Swedish Generalindex SXGEN

from the Return of SP500 the Previous Day

with Data Selection Based on 1-Day Return for SP500

1-day predictions of SYGEN 1-chay trend from SXGEN 1-<ay trend

‘-day predictions of SYGEN 1-day trend from SPS00 1-cay trend

3

hitrate (%) (naiv dotted)
3

Artificial Stock Trading Agent

¢ ASTA is written in MATLAB

* To use ASTA you must have a MATLAB system

running on your machine

50|
2 15 ES 05 0 05 1 2 15 E 05 o 05
. Selection . Selection
10 10
E g
g \ g
3 3
£ 10 £ 10
2 2
10' 10'
2 15 05 1 2 15 05

Lower limit for SYGEN 1y trerd

Lower limitfor SPSQ0 1-cay trend

¢ The ASTA system will soon be available for
download and is free for private and academic use

* More information on
http:/ /www.cs.umu.se/~thomash/asta/home

© Themas Hellstrom 1999
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