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Genetic Algorithm

@ Genetic programming is a computer based optimization
procedures which uses the evolutionary principles.

@ The genetic algorithm evaluates the fitness of various
candidate solutions using the given objective function of
the optimization problem and provides as an output
solutions that have higher fithess values.

@ Operation of crossover and mutation are applied to create
new generation based on the genetic information of more

fit solution candidates.
WARWICK
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Genetic tree consists of:

@ Functions @ Variables @ Real Numbers
binary algebraic price  bestbid
{+,—, =, /, max, min} ret bestoff
lagpr  bestbidq
binary order relations lagret  bestoffq
{<,>,<,>,=} maxpr quant
minpr  ligbid
logical operations avgpr  liqoff
{and, or} avgret  depthbid
depthoff
unary functions time
{abs, -}
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Example

With this trading rule the investor is going to take a long position in
USD if (lagpr1 > avgpr10)and(lagret2 > 1.0) and short one otherwise.
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The evolutionary algorithm

@ Create randomly the initial population P(0) and initialize
the number of iterations i = 0.

Q Seti:=i+1.

© Evaluate fitness of each tree in the population using the
fitness function.

© Generate new population using genetic operations
(crossover and mutation)

© Repeat 2) —5) while i < N.
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Crossover: select two parents

Crossover Point

CrussovErPum( or / \
/ \ / . k >
N\ [y o]/ oy h
| lagpr1 avgpr10 lagpr1 l

0. 63 maxret1 0
minret5 0.997

For both of parents we randomly select nodes to crossover
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Crossover: get offsprings

/\

/:/Ed;\
3D >
\abs \ [ 0001 | lagpr1 /
lagpr1 avgpr10 C+ lagpr1
0,63 maxret10 \
0 63 maxret10
minret5 0.997

Two offsprings after the crossover operation
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Mutation: randomly select a node ...

and ( and

\

/ «’ b
(abs) 0.001 4 ) lagprt xabs 0.01 Punereany | lagprl ]
randomly
r generated
7 subtree
maxret10 ‘»

. and substitute it with a random subtree

/ v
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Parameters

@ population size — 100 individuals;
@ number of evolutionary periods — N = 50;
@ crossover rate — 40%;

@ mutation probability — 0.0 for best 25% and 0.3 for others;
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Fitness functions

@ DC — percentage of correct predictions of directional
changes;

@ R — cumulative returns adjusted to the daily basis;

@ RTC — cumulative returns under transaction costs;
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Data
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L Pesaran-Timmermann test

Mark Salmon

Pesaran and Timmermann (1992)

@ ¢; —realised value of the exchange rate;

@ z; —its forecast;
P11:P(Zt<0,et<0); P12:P(Zf<0’et20)’

P21:P(Zt20,et<0), P22:P(Zt20,et20)
Pio = Py + Pio, Poi = P1i + Pai.

i.e., realised values and forecasts are independent
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L Pesaran-Timmermann test

Mark Salmon

P-T Statistic1
sn=/nV, 28, 2 N(0,1),

m A& &
where Sn=>_(Pi— PioPoi)
i=1
of(P) > g 9f(P)
Vi = ( oP );::ﬁ(W—PP ) oP Jp_p
\Ilzdiag(ls),

of(P) 1— Py — P fori=j
(TP Jp=p =

—Pjo — Poj  fori#j
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L Anatolyev-Gerko test

Anatolyev and Gerko (2005)
@ r; —observed log-returns of the exchange rate;
o 1 —forecasts, depend on past inform. F;_ = {r,_1,1n_2,...};

Strategy: take a long position in USD if 7; > 0 and a short
position if 7; < 0;

One-period return from trading the strategy is R; = sign(#) - r;.

Ho: E(ri|Fi—1) = const

i.e., Iy and r; are independent.
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L Anatolyev-Gerko test

A-G Statistic

E(R:) consistent estimators:
1 R
_EZ A
t
1 a1
= (> sign(F))(->_ro).
t

t

EP = Lﬁn < N(0,1)

\A/ = %A?U - pr)z:(rt - ,)2 with pr - 2(1 + ZSlgn(rt))
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L White’s Reality Check

White (2000)

@ Data snooping involves the re-use of the same sample
data in multiple hypothesis testing

@ not recognising the impact that prior decisions in the
testing sequence have on the significance levels to be
used at any stage subsequently down the chain.

@ the Reality Check enables us to calculate true empirical

p-values of the test statistic based on the null of no
predictability beyond the benchmark.
BUSIMESS SCHOOL
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L White’s Reality Check

The Reality Check Procedure

vk, (k =1,...,M) — performance measure of the k-th trading rule
relative to some benchmark;

The aim is to test whether there is a rule within the population
that delivers superior performance to the benchmark.

Hp: max <0
0 K M@kf

Test statistic: V= . rr11ax Dk-
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L White’s Reality Check

The Reality Check Procedure: p-values

<p;j — performance measure of the k-th trading rule calculated
using j-th bootstrap sample.

The empirical distribution based on the bootstrap realizations

V¥ = max Y ,j=1,...,B.
J k:1,...,M(¢k7j Pk):J

White(2000) — distributions of V and V* are asympt. equivalent.

Comparing V with the quantiles of the empirical distribution of
V* we obtain the Reality Check p-values which are suitable for

testing the null hypothesis.
WARWICK
BUSIMESS SCHOOL



On The Predictability of Tick by Tick Exchange Rates Mark Salmon
L Results

Outline

e Results

WARWICK
BUSINESS SCHOOL



On The Predictability of Tick by Tick Exchange Rates Mark Salmon

LConclusions

Outline

e Conclusions

WARWICK
BUSINESS SCHOOL



On The Predictability of Tick by Tick Exchange Rates Mark Salmon

LConclusions

Conclusions

@ We examine the predictability of exchange rates on a transaction level
basis using both past transaction prices and the structure of the order
book;

@ The Pesaran-Timmermann test shows clear ability to predict directional
changes in the exchange rate;

@ The economic value under transaction costs is shown to be significant
out-of-sample using the Anatolyev-Gerkov test;

@ Predictability and profitability depend critically on the frequency of
trades which is controlled the inertia parameter k;

@ These conclusions are confirmed using White’s Reality Check;
@ We do not find strong evidence that exploiting the order book structure

aids predictability. WARWICK

BUSINESS SCHOOL
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LPure Price Information

k=20

Tochnica ules e | bese | 0o | 070% | g | paive | s | pvaie | pvaive
1. (ret < minret10) or (lagprl > avgpr5) 55.35 52.90 5.786 9154 | 421 | <00001 | 247 0.0068 00175
2. (ret < maxret10) and (lagpr1 > min{avgpr10, avgpr20}) 55.20 53.61 7.231 2317 | 523 | <00001 | 3.6 0.0011 0.0065
3. (ret < maxret10) and (lagpr1 > avgpr5) 55.08 53.67 8.208 6090 | 535 | <00001 | 349 0.0002 0.0055
4. (ret < minret10) or (lagpr! > avgpr10) 55.06 5352 4677 6345 | 512 | <00001 | 201 0.0222 0.0075
5 Ef’f"u“;“ \,’g‘::;"'f“) or (maxret5 = lagrett) or (avgret20 < maxeei5)) and | g5 g 53.88 7663 | 12569 | 562 | <00001 | -349 | 05000 | 0.0055
6. (lagprl > avgpr10) or (lagprl > avepr5) 54.98 53.63 2284 8082 | 530 | <00001 | 1.00 0.1587 0.0055
7. (lagpr! > avgpr20) and (maxret5 — avgret5) or (price > avgpr20) 54.98 53.88 8089 | -12856 | 562 | <00001 | 370 | >0.5000 | 0.0055
8. lagpr! > min{avgpr10, lagpr2} 54.96 54.00 2.760 8768 | 583 | <00001 | 120 01151 0.0055
9. (price > avgpr20) and (maxret5 — lagret1) or (price > avgpr20) 54.94 53.84 8126 | -12.938 | 556 | <00001 | -371 | >05000 | 0.0055
10. lagpr1 > min{avgpr5, avgpr10} 54.93 53.58 2272 -8.154 521 < 0.0001 0.99 0.1611 0.0065
11, price > avgpr20 54.93 53.84 -8.126 -12.938 5.56 < 0.0001 -3.71 >0.5000 0.0055
12. (price > avgpr20) or (maxret5 — avgret5) 54.91 5373 8217 | 13278 | 539 | <00001 | -376 | >05000 | 0.0055
13. minpr20 < minpr10 - lagret1 53.90 5277 -2.096 -12.556 4.01 < 0.0001 -0.93 >0.5000 0.0024
14. lagpr1 > min{avgpr5, avgpr20} 54.89 53.46 2.657 -6.359 513 < 0.0001 117 0.1210 0.0075
15. price > avgpr20 54.89 53.83 -8.153 -12.963 5.53 < 0.0001 -3.73 >0.5000 0.0055
16. lagpr1 > avgpr20 54.71 53.48 2910 -2.701 5.03 < 0.0001 126 0.1038 0.0075
17. (lagpr! > avepr5) or (lagpr! = avgpr10) 54.69 53.40 3.742 2,701 493 | <00001 | 161 0.0537 0.0085
18. (price > avgpr10) or (ret = minret20) 54.69 54.98 3.742 -9.049 7.28 < 0.0001 -0.17 >0.5000 0.0025
19. lagpr1 > avgpr5 54.64 53.34 3.730 -9.108 484 < 0.0001 161 0.0537 0.0105
20._(price > avepr20) or (minpr10 > minpr20) 54.60 5242 9701 | -ta766 | 853 | 00002 | -451 | >05000 | 00305
21, Average 55.10 541 2150 | 6123 | 598 | <00001 | 093 | o762 | 00055

Trading rules based on the pure price information only. The fitness function is the percentage of the correct
in-sample predictions of the exchange rate directional changes. In-sample period: Monday and Tuesday,
out-of-sample: Wednesday — Friday. The average rule gives buy signal if more than 9 of best 19 rules give buy
signal and sell otherwise.
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On The Predictability of Tick by Tick Exchange Rates Mark Salmon
L Directional Changes

LPure Price Information

k = 0.0005

Tochnica ules e | bese | 0o | 070% | g | paive | s | pvaie | pvaive
1. avgret10 > minret20 - maxret20 56.01 51.28 6.040 3.133 1.07 0.1423 257 0.051 0.2345
2. avgret5 > minret20 - maxret20 56.57 50.67 7.315 4.193 061 0.2709 3.10 0.0010 0.3675
3. (minret10 > ret) or (avgpr20 - lagret2 - maxret10 < lagpr1) 56.60 50.87 4629 0473 | 055 02912 202 00217 03115
4. (minret10 > lagret2) or (avgpr20 - ret - avgret20 < lagpr1) 55.72 54.04 6.728 1.692 325 0.0006 287 0.0021 0.0065
5. minret10 > min{lagret2, ret} 56.16 51.95 6.261 1.308 135 0.0885 275 0.0030 0.1255
6. (lagret! > (price — avgpr20) - 1743.99) or (maxret10 — avgret20) 54.99 5135 9.878 6.804 136 0.0869 446 | <00001 | 0.2215
7. (price < avgpr10) or (price - minret20 < minpr5 - lagret1) 55.13 5034 6.081 2536 0.72 02358 2.99 0.0014 0.4355
8. (avgret10 < avgret5) or (avgpr5 > avgpr10 - maxret20 - minret5) 54.69 5034 0.990 3196 | 071 02389 0.44 03300 0.4355
9. (minret10 > ret) or (lagret! > lagret2) 54.99 5229 3.267 1362 | 221 0.0136 152 0.0643 0.0955
10. (avgpri0 > price) or (maxret10 > max{avgret10, ret}) 54.40 49.80 6137 2.966 043 03336 338 0.0004 05565
11. (minret20 > avgret20 - minret10) or (lagret] > lagre2) 54.55 50.27 -2.792 -6.504 0.63 0.2643 -1.44 >0.5000 0.4455
12. (minret10 > lagret1) or (maxret5 - minret10 > ret) 55.57 53.90 5.381 0.168 295 0.0016 232 0.0102 0.0085
13. avgpr5 > avgpr10 - maxret20 - minret5 54.40 52.15 5.909 2.349 1.47 0.0708 2.83 0.0023 0.1055
14. (minret10 > ret) and (|lagpr2 — maxpr10| > maxret5 — lagret2) 54.99 51.55 4.727 0.977 0.92 0.1788 241 0.0080 0.1785
15. (minret10 = minret5) or (lagpr! > lagpr2) 54.40 50.61 1714 1,561 110 01357 0.87 0.1922 0.3805
16. (avgpr10 > price) or (lagret] > avgret20) 54.25 50.67 4.189 0.995 117 0.1210 217 0.0150 0.3675
17. (lagpr2 = minpr5) or (ret = minret10) 54.25 51.68 6.172 1.575 1.07 0.1423 2.96 00015 | 0.1575
18. (maxret10 > avgret10 - ret) and (minret10 = minret5) 54.25 51.14 3.813 -0.623 1.06 0.1446 1.67 0.0475 0.2595
18 g“;;;‘l))'\ RDeOEZP (i S mrleCEE) G S || ) 53.70 10212 | 6782 | 0.13 | 04483 | -051 | >0.5000 | 00105
20._(averet10 < averet5) or (avgret10 > lagrei2 - maxrei20) 5367 50.13 1159 | 5829 | 554 | 00002 | 496 | <0.0001 | 04675
21, Average 56.50 5195 6559 | 3062 | 128 | 01002 | 249 | 00064 | 04255

Trading rules based on the pure price information only. The fitness function is the percentage of the correct
in-sample predictions of the exchange rate directional changes. In-sample period: Monday and Tuesday,
out-of-sample: Wednesday — Friday. The average rule gives buy signal if more than 9 of best 19 rules give buy
signal and sell otherwise.
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L Directional Changes

LPure Price Information

k = 0.001

Techncal ndes Bern | e | 000 | 12905 | gt | pvae | st | puaise | psus
1. (avgpr10 > maxpri0 - ret) or (lagpr! = avgpr10) 60.07 55.49 9.390 7317 | 317 0.0008 452 | <0.0001 | 0.0065
2. avgpri0 > maxpri0 - minret20 59.72 53.98 5.951 4.165 226 00119 257 0.0051 0.0325
3. (price < minpr20) and (ret = minret10) 59.36 53.43 6.524 5.092 205 0.0201 371 0.0001 0.0545
4. (lagpr! - lagret2 < avgpr10 - avgret5) or (price < avgpr10) 59.36 50.69 2015 0.255 0.25 04013 091 01814 | 0.3005
5. (avgret20 > avgret10) or (price = minpr10) 59.36 52.34 5.302 3292 1.44 0.0749 236 0.0091 01155
6. (price < avgpr10) or (averet20 > avgret10) 59.01 52.47 5.979 4.05 161 0.0537 277 00028 | 0.1025
7. (lagpr1 < avgpr10) and (price < avgpr10) 59.01 50.82 1.619 0120 | 033 03707 0.73 02327 | 02775
8. (lagpr1 > price) and (maxpr20 - minret20 > price) 59.01 52.88 6.385 4.049 151 0.0655 273 00032 | 0.0785
9. (price - maxret20 < maxpr20) and (price < avgpr10) 58.66 52.88 7.707 5.553 1.50 0.0668 3.30 00005 | 0.0785
10._(price = minpr20) or (lagpr1 = minpr20) 58.31 52.47 5.969 4.141 1.27 01020 259 00048 | 0.1025
1. (lagpr! < avgpr20) or (avgret20 > avgret10) 58.30 48.63 0531 1295 | -084 | >05000 | 024 04052 | 06275
12, avgpr10 > price 57.95 54.12 8.870 6395 | 221 00136 373 0.0001 0.0295
13, (minpr10 > avgpr10 - avgrer20) or (price < avgpr10) 57.95 53.98 8.826 6366 | 214 00162 37 0.0001 00325
14.price < minpr20 57.95 53.98 8.987 7.007 212 00170 393 | <0.0001 | 0.0325
15.(maxpr5 - avgret5 < avgpr10) or (minre20 56.89 54.95 7.784 5312 265 0.0040 3.36 00004 | 00115
16.(price < avgpr10) or (price < minpr5) 57.60 53.98 8.636 6138 214 00162 363 0.0001 00325
17, (lagpr2 - lagret2 > minpr20) and (lagpr1 - averet§ > price) 57.60 53.16 7.288 4.500 1.69 0.0455 3.09 00010 | 0.0655
18. _price = minpr10 57.24 54.12 8214 5980 | 219 00143 352 00002 | 0.0295
19, (minpr5 > price) or (avgpr5 > lagpri) 56.54 53.02 3.749 1613 173 00418 1.63 00516 | 0.0735
20.(lagpr1 < avepr5) o (avgret20 > avgret5) 55.83 49.73 0.726 1453 | -009 | >05000 | 032 03745 | 0.4465
21. Average 58.66 54.12 8.051 5763 | 219 0.0143 3.42 00003 | 0.0205

Trading rules based on the pure price information only. The fitness function is the percentage of the correct
in-sample predictions of the exchange rate directional changes. In-sample period: Monday and Tuesday,
out-of-sample: Wednesday — Friday. The average rule gives buy signal if more than 9 of best 19 rules give buy
signal and sell otherwise.
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On The Predictability of Tick by Tick Exchange Rates Mark Salmon
L Directional Changes

LPure Price Information

k = 0.005

Techncal ndes Bern | e | 000 | 12905 | gt | pvae | st | puaise | psus
1. (minret20 = ret) or (lagret1 < minret20) 84.00 60.38 4.085 371 221 00136 1.76 00392 | 0.0865
2. (minret5 - maxret10 < avgret5) or (minpr20 = lagpr1) 76.00 60.38 4974 4.604 221 00136 221 00136 | 0.0865
3. minret5 > ret 76.00 72.64 9.634 9.145 544 | <0.0001 | 419 [ <00001 | 00015
4. maxpr§ > max({price, lagpr2} 72.00 66.04 6.027 5582 | 353 0.0002 263 00043 | 00185
5. (lagpr2 > maxpr20 - minret10) or (ret = minret5) 72.00 66.04 7.637 7207 | 353 0.0002 335 0.0004 | 0.00185
6. (lagpr1 = minpr10) or (lagpr! = maxpi5) 72.00 42.45 -3.324 3627 | 175 | >05000 | -1.53 | >05000 | 08345
7. (ret < minret10) or (avgpr20 > max{avgpr10, lagpr1} 72.00 64.15 6.356 5.981 3.13 0.0009 289 00019 | 0.0295
8. (max{price, avgpr20} < lagpr1) or (maxret5 = lagret1) 72.00 69.81 8.085 7639 | 470 | <00001 | 359 00002 | 0.0045
9. lagpr! > maxpi5 68.00 55.66 2.026 1.843 175 0.0401 1.13 01292 | 02225
10. price < maxpr§ 68.00 67.92 8212 7.751 401 | <0000t | 354 00002 | 00125
1. (price < lagpr2) and (lagpr2 < avgpr5) 68.00 64.15 4.847 4.491 345 0.0003 245 0.0071 0.0295
12, (price < avgpr10) or (minpr10 = lagpr1) 68.00 61.32 5.565 5220 | 247 0.0068 259 00048 | 0.0725
13, (ret < maxret20) and (ret - maxret10 < lagret2) 68.00 67.92 9.070 8649 | 424 | <00001 | 403 | <00001 | 0.0125
14, maxpr5 - minret10 < lagpr2 64.00 62.26 6.385 6.031 262 0.0044 283 00023 | 0.0595
15.(ret- maxret10 < lagret2) and (lagret2 < maxret10) 64.00 66.04 6.872 6537 | 408 | <00001 | 332 00005 | 0.0185
16.(ret < lagret1) and (Jagret2 < maxret5) 64.00 66.98 5.460 5074 | 390 | <o00001 | 257 0.0051 00135
17.(ret < lagret) and (lagpr2 < maxpr5) 64.00 7264 7.541 7.062 533 | <0.0001 | 3.30 00005 | 0.0015
18. (ret < lagret1) or (lagret1 < minret20) 64.00 66.98 5.956 5.561 3.85 0.0001 275 00030 | 0.0135
19, (ret < lagret1) or (lagpr1 < min{minpr10, avepr10}) 64.00 61.32 4.091 3752 | 250 0.0062 181 0.0351 00725
20. price < lagpr2 64.00 66.04 7573 7143 | 349 0.0002 3.21 00007 | 0.0185
21. Average 76.00 67.92 8.340 7885 | 397 | <0.0001 | 354 00002 | 0.0125

Trading rules based on the pure price information only. The fitness function is the percentage of the correct
in-sample predictions of the exchange rate directional changes. In-sample period: Monday and Tuesday,
out-of-sample: Wednesday — Friday. The average rule gives buy signal if more than 9 of best 19 rules give buy
signal and sell otherwise.
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On The Predictability of Tick by Tick Exchange Rates Mark Salmon
L Directional Changes

LPure Price Information

k =0.01

Technial rles Bern | e | 000 | 12905 | gt | pvae | st | puaise | psus
1. (1.6369 > avgpr10 - ret) and (lagrei2 >= avgret5) 100.00 56.41 1536 1414 [ 079 [ o2148 [ 067 | 02514 | 02575
2. (16369 > avgpr5 - ret) and (lagret2 >= avgrei5) 100.00 56.41 1536 1414 [ 079 [ o2148 [ 067 | 02514 | 02575
3. (price < maxpr10 - avgret10) and (maxret10 > lagret1) 100.00 38.46 1775 | 1886 | -1.60 | >05000 | -0.98 | 05000 | 0.7505
4. lagrei2 > avgrets 83.33 46.15 2262 239 | 048 [ >05000 | .01 | >05000 | 0.5565
5. maxret < maxret10 83.33 56.41 1.498 1.383 0.88 0.1894 0.65 0.2578 0.2575
6. (avepr5 > lagpr2) and (lagret! < maxret20) 83.33 61.54 0.585 0.458 153 0.0630 0.26 0.3974 0.1525
7. minret5 > (0.167 + maxpr5) - 0.556 83.33 61.54 2.064 2.003 147 0.0708 0.90 0.1841 0.1525
8. (ret < lagret1) and (avgret5 < avgret10) 83.33 66.67 3.966 3.862 263 0.0043 1.84 0.0329 0.0845
9. avgpr5 > lagprl 83.33 58.97 -0.451 -0.610 1.16 0.1230 022 | >05000 | 0.1985
10._maxret10 > lagret! 83.33 35.90 2186 | 2284 | 227 | >05000 | -129 | >0.5000 | 0.8065
11. lagret2 = maxretS 83.33 51.28 0.897 0.817 0.08 0.4681 0.49 0.3121 0.4055
12 avepr10 < minpr5 83.33 4359 1.156 -1.228 143 >0.5000 | -0.66 >0.5000 | 0.6205
13. (lagpr2 > lagpr1) and (avgpr10 > aveprS) 66.67 53.85 -0.404 0.517 0.47 0.3192 -0.22 >0.5000 | 0.3055
14. minret20 < minret10 66.67 53.85 0.372 0.299 0.49 0.3121 0.24 >0.5000 0.3055
15. lagret! <1 66.67 51.28 0.388 0.254 0.15 0.4404 0.17 0.4325 0.4055
16. price > maxpr10 66.67 51.28 -0.055 -0.062 0.00 0.5000 0.00 0.5000 0.4055
17. minret10 = avgretS 66.67 51.28 -0.055 -0.061 0.00 0.5000 0.00 0.5000 0.4055
18. avgpr10 > lagpr1 66.67 66.67 0.786 0.619 2.20 0.0139 0.35 0.3632 0.0845
19. lagret2 = avgret10 66.67 51.28 -0.055 -0.062 0.00 0.5000 0.00 0.5000 0.4055
20. sell 66.67 51.28 -0.055 -0.061 0.00 0.5000 0.00 0.5000 0.4055
21. Average 83.33 64.10 2310 2.208 227 0.0116 111 0.1335 0.1105

Trading rules based on the pure price information only. The fitness function is the percentage of the correct
in-sample predictions of the exchange rate directional changes. In-sample period: Monday and Tuesday,
out-of-sample: Wednesday — Friday. The average rule gives buy signal if more than 9 of best 19 rules give buy
signal and sell otherwise.
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On The Predictability of Tick by Tick Exchange Rates Mark Salmon
L Directional Changes
LAII Order Book Information

k=20

T s e el e e
1. (bestbid > avgpr20) or (bestbid > price)or(besibid > bestbid2) 58.61 57.30 6.378 5628 | 1070 | <o00001 | 261 0.0045 | <0.001
2. (maxpr20 < bestoff) or (besthid > avgpr20) or (bestbid > price) 58.61 57.05 6.307 -3.00 1032 | <0.0001 | 260 0.0047 | <0.001
3. (bestbid > min{avepr20, price}) or (offcount < 0.4376 + lagpr2) 58.07 56.80 6.056 2923 | 1001 | <0.0001 | 251 0.0060 <0.001
4. (bestbid > avgpr20) or (bestbid > price) 57.93 56.76 6.247 -2.748 995 | <00001 | 259 0.0048 <0.001
5. (bestbid2 < bestbid) or (minpr5 < bestbid) 57.84 56.64 4.809 -7.517 9.71 < 0.0001 1.98 0.0239 <0.001
6. besibid > min{depthbid1, offcount, minpr5, avepr20} 57.60 56.45 4.770 -5.067 945 | <00001 | 198 0.0239 <0.001
7. (maxpr5 > avgpr20) and (bestoff > maxpr5) 57.35 56.84 4571 | 3750 | 1036 | <00001 | 196 | 00250 | <0.001
8. (bestoff = maxpr5) or (bestoff > maxpri0)or(4.3234 > bidcount1 - minret20) 57.29 56.93 8.130 2763 | 1014 | <0.0001 | 331 0.0005 <0.001
9. (bestoff > avgpr20) and (bestoff > maxpr5) 57.10 56.91 4.976 4467 | 1026 | <o00001 | 209 00183 | <0.001
0. & e ) “;Eﬂ(h'::‘;;"“ > bestid2)or(maxpri0 < max{lagret2 57.06 55.55 3871 6979 | 814 | <00001 | 161 | 00537 | <0.001
11, (bestoff = maxpr5) or (bestoff > maxpr10) 56.97 57.07 8.135 -2.662 10.41 < 0.0001 333 0.0004 <0.001
12. (maxpr10 < bestoff) or (ret < minret5) 56.95 56.26 9.653 -3.880 920 | <00001 | 393 | <0.0001 | <0001
13 f"""r‘\"‘::‘:fz 5 l‘;f;;? 1% (’(';”3‘ T;i’:;g) ;‘”‘”“‘”"’ < bestofMor(bidcount - depthbid < | 5 g7 5707 9737 0552 | 1032 | <0000t | 393 | <00001 | <0.001
14. minpr§ < bestbid 56.75 56.07 6.324 -5.207 8.85 < 0.0001 259 0.0048 <0.001
15. (bestbid > minpr20) or (|bestoffq1 — bidcount2| < 0.14 + max{liqoff2, tikoun2 }) 56.56 55.20 2.864 -4.045 8.33 < 0.0001 1.31 0.0951 <0.001
16._maxpr10 < bestoll 56.29 56.85 6261 | 2858 | 1033 | <00001 | 266 | 00039 | <0.001
17._(bestoff > maxpr20) or (offcount2 < 1.5) 56.25 55.10 2.188 -4.491 846 | <o0.0001 | 1.06 0.1446 | <0.001
18, (bestoff > maxpr20) and (liqoff - max{time1 , time2} < avgret5 - avgret10 - depthofi2) 56.21 55.16 4.367 2428 | 857 | <o00001 | 208 0.0188 | <0.001
19, (bestoff > avpr5) and (bestolf > avgpr20) 56.17 55.27 0.676 6816 770 | <0.0001 | 028 0.3898 <0.001
20. bestoff > maxpr20 56.15 55.16 4.367 -2.428 8.57 < 0.0001 2.08 0.0188 <0.001
21. Average 58.78 57.30 5.821 -3.202 10.72 <0.0001 2.40 0.0082 <0.001

Trading rules based on the all order book information. The fitness function is the percentage of the correct in-sample

predictions of the exchange rate directional changes. In-sample period: Monday and Tuesday, out-of-sample:
Wednesday — Friday. The average rule gives a buy signal if more than 9 of best 19 rules give a buy signal and sell
otherwise.
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On The Predictability of Tick by Tick Exchange Rates Mark Salmon
L Directional Changes
LAII Order Book Information

k = 0.0005

In-sam. | Out-of-sam. | Returns, | Returns, P-T P-T A-G A-G White's
R DC, % DC, % 0=0 B stat. p-value stat. p-value p-value
T (price < besoll) and (TIN(3.61 + olfcoun?,2_besoiq! — Igpr? + depiiod2) < depivol) was | 26 103 | o138 | 255 | ooost | 047 | oswe | 000
2(prce < bestol) and (depihlt > 14) 906 | 513 | 3ses | 072z | 272 | oooss | 148 | ooses | 000z
3. (maxret5-4.0661 — [quant1 —bestoffq2| -bestbidg < 2.1426) and ((bestoff1 > maxpr20) or (bestbid > minpr5)) | 59.06 54.00 3411 0604 | 297 0.0015 150 00668 | 0.0015
o (S bz a0 o (sl 2 i) o (et 2 00 o | 75 | apzz | oner | 4zs | 1ss | osrs | 007 | sosow | osors
(maxpr10 — lgret + bideounit < beolTg2) or (18914 - quant < betotT)or (e < bestid) o (#ne2
o e 47 | ser2 1635 | 2473 | 209 | o004 | o070 | ozée0 | 00055
6. (e = wvep20- minmiet1, S - msee20) or (dphlt 2 mastideonzmee@0) el -| gqg7 | spms | acse | 171 | o4 | oows | 200 | oozre | o2ws
7 (beolte2 > ) o (quant (max(bevoria quan] — 3.2)] > 2.99) or (3.1 < bevota®) 6 | 5010 198 | 8210 | 020 | 04207 | 051 | o300 | o18%
8 (prce < bestoftT) and (bideount > besolT) 5803 | so4s | 6o | 232 | os7 | oz | 281 | ooozs | orass
9 (maxpr10 < bt ) or (pice < besa) 744 | o0 | eazz | 276 | 0wt | o | 300 | ooois | o1z
10 (minet10 — re) or (bestid > avgpr10) 714 5198 | 291 | are | 175 | ooan | 12 | o105 | ooess
1. (I < Teapr! — logpr2) or (8:2395 < [max{min {1, 8.10},7:3) — quant] — depiol2 = quan677)) | 5714|4849 4297 | 5797 | 079 | 05000 | 274 | >05000 | 023
T2 (min{8:219, jexoll_ mingrS], quant) > Tigo) and (bestida? < 8 6453)nd(5.504 < offcoun) 5700 | siee o9 | 295 | 203 | oozie | o7z | oz | ooess
13 (min{depthol, 2.136) < quan2) or (depibid? < depioi2 — besifiT) 5700 | @9 | et | 55t | 064 | 05000 | 162 | 505000 | 04735
T4, (bexol? + bidcount@ < offcountt) or (videount! - ligbid > 631 bexallZ_min{olicount besofT] o) | 568 | 4902 | 00w | 719 | 033 | 0eess | 003 | o0ass0 | osues
15 (min{bestot — minpr quan} > ligof) and (besde? < 8:6459) 6@ | 1oz | 2065 | 0799 | 218 | oowe | 083 | oz | 00z
(dmel > ret) and (depthoftT > max{bestbidq + offcount, 9.87, offcount + max{bestbidg, minpr20 + ret + B
1o, {imet > ) and (depbory sess | 4007 179 | 27te | o010 | odsce | o072 | ozess | oztes
17, (min{max {besoli2, 6057, quan2) > 2.809) or (4.3 < bevioltal 1 bevori?) 5670 | 021 | 2ria | 229 | 021 | oates | oss | oeee | oa7as
18._price < besor s6s5 | 340 | 5924 | 142 | 300 | ooois | 248 | oooss | 00015
(min{oesoig?,8.29) > 4205 — TESBREIET) o (Ctcoun > max{max{bestida, botoda2) g g
1o, (Tinfbatelyt 28] > 28 s6.41 5058 0403 | 4ss5 | o2 | osots | 017 | soso0 | osats
20, (olfcoun1 > me2) and (besolfal > prce) or (max [depid2, beolf) < ofcom’) S62 | 4955 | 0w | 494 | 025 | 05000 | 040 | 05000 | 0amos
21, Average st EE 3791 | oots | 188 | oosor | 191 | oozst | ooess

Trading rules based on the all order book information. The fitness function is the percentage of the correct in-sample
predictions of the exchange rate directional changes. In-sample period: Monday and Tuesday, out-of-sample:
Wednesday — Friday. The average rule gives a buy signal if more than 9 of best 19 rules give a buy signal and sell
otherwise.
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On The Predictability of Tick by Tick Exchange Rates Mark Salmon
L Directional Changes
LAII Order Book Information

k = 0.001

Technical rules e | “benee | 0o | 1290% | gt | puaiwe | st | pvave | pualue
1ty g = 4 03)or{iqoD 5 wgret0) snd (2 < depmisgy T | G325 | 4ssz | %6 | 2984 | 213 | 0500 | 063 | 05000 | 07505
2 ("(”\“’I"yi‘z,)’mx"(“y’x'ff,'l!‘ N lf:':.‘(:‘,"‘z) ) bestoMMor(((bestbid = minpr10) or (bestollg = | g5 54 4458 097 | -3165 | 283 | 05000 | -049 | 05000 | 08735
5. (me s wan) o (com2 2 ekl o (oti 2wt O) o O < | g9 | pgs | ae | caes | 228 | >osom | 195 | 05000 | o665
4. (quant1 > avgpr10) or ((4.39 < bestbidg/1.115) and (time2 < bestbidg2)) 6078 4650 1079 | 1206 | -is2 | >05000 | 046 | osees | 0525
5. (quant > 1) or (offcount] = depthbid) 6078 4563 0156 | 195 | 173 | >05000 | 006 | o7t | 06305
(4 ) gt > 28) o (Gt~ g < depff) o (454 < i~ | 79 aor o016 | 0sss | 093 | -05000 | 002 | ~0s000 | 04175
7. (minpr5 = bestbd1) or (quant > bestbid) 6042 4733 0250 | 1805 | 126 | >05000 | 011 | 04562 | 0533
8. (avepri0 > price) and (1ime < depthbid) or (6 > bidcount1)) 6042 5418 9084 | 6632 | 226 | o013 | 870 | 00001 | 00025
9. (quant2 > avgpr20) and (min{avepr20, price} < lagpr2) 6042 4787 1468 | 1133 | 110 | >05000 | 052 | 03015 | 0.4405
10._(avepr10 > max{bestoft,time) or (avgpri0 < quant2) 6042 591 0276 | 2117 | 153 | >05000 | 011 | oasez_| 0595
11._(depthoff > 7.26 + depthbid1) or (bestoff < quant2) 6042 47.60 0544 | 0715 | 141 | >05000 | 026 | 03974 | 0.4875
12, (avgpr10 > time) or (avepr10 < max{quant, quani2}) 5007 4568 0528 | 2816 | 220 | >05000 | 023 | 05000 | 07655
13._(time < bestbid) or (bestoff < quani2) 6007 4568 o528 | 2816 | 220 | 05000 | 023 | -05000 | 0765
14._(avgpri0 > time) or (1 < quant) 6007 4568 0528 | 2816 | 220 | >05000 | 023 | 05000 | 07655
15, (quani2 > 1) or (minpr20 > bestbid) 5007 4636 880 | 4136 | 182 | >05000 | 082 | 05000 | 06765
16._(quant! > avgprS) or (agpr2 > time1) or (5,82 > bideount2) 5007 4623 1530 | 3308 | 194 | >05000 | 074 | 05000 | 07015
17, (quant] > time — B82) or (maxprb < quan) 60.07 4568 0528 | 2816 | 220 | >05000 | 023 | 05000 | 07655
18 (e > bideount2) or (quant1 > bestbid]) 5936 4595 2906 | 519 | 205 | >05000 | 126 | 05000 | 07285
18._(time2 + maxpr10 — S50 < 5,81 -bestbidg? + depthbid) and (avgpr20 < quant) 5901 ) o012 | 2428 | -1e7 | 05000 | -001 | >05000 | 07015
20, (quant > lagret2 + Min{ i W27 max{lagretd, timed }}) and (7.35 < offcount) 58.66 4595 -1.624 3783 | 211 | >05000 | -0.69 | >05000 | 0.7285
21._Average 5972 4636 0222 | 2161 | 183 | >05000 | 008 | 04641 | 06765

Trading rules based on the all order book information. The fitness function is the percentage of the correct in-sample
predictions of the exchange rate directional changes. In-sample period: Monday and Tuesday, out-of-sample:
Wednesday — Friday. The average rule gives a buy signal if more than 9 of best 19 rules give a buy signal and sell
otherwise.
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On The Predictabi

ity of Tick by Tick Exchange Rates Mark Salmon
L Directional Changes
LAII Order Book Information

k = 0.005

[ = s e e I 5 A 25 2
1. (1 < bestbidg1) and (bestoffq > avgret20 + quant2) 85.19 4727 0.430 0.156 046 | >05000 | 024 0.4052 0.5885
2. (quant < bestoffq) and (bestbidq < min{bestbidq2, depthbid1, bestoffa}) 85.19 51.82 0.145 -0.450 0.65 0.2578 -0.06 | >05000 | 03325
3. (quant2 < bestofi) and ((ligbid > bestbid1) or (bestbid1 < bestbidq1)) 85.19 50.00 1522 1.184 0.21 0.4168 073 0.2327 0.4360
4. ((bestbid2 — maxret10) - (bidcount2 + bestbidg) < offcount) and (bestoffq > quant1) 85.19 53.64 2272 1.959 0.99 0.1611 0.98 0.1635 0.2545
5. (liqoff2 < 0.14 - offcount2 - min{lighid2, max{bestbid1 , time1, 4.15} }) and(quant2 < bestoff) 85.19 53.64 0.709 0.307 1.00 0.1587 031 0.3783 0.2545
6. (averet5 < bestbidg1) and (max{— max{bestoftq, (averetS — ligbid) - quant2}. bestoffq + | g 1o o e P o0 e 0m =D =3

(maxpr5 — quant) - quant2} > maxpri
7 Ef\::‘(:fm ‘i ) 3‘1‘%)2)) ;’Lc(‘;ﬁzf)o > avepri0)) and (max{avgpr20,3.5433 — | g5 4q 5091 1.445 1427 | o041 03409 | 064 | 02611 | 03775
8. ((liqoff2 < ligbid2) or (avepr20 > avepr10)) and (maxprS < bestbidg1) 81.48 5091 0.895 0.580 0.41 0.3409 0.3446 0.3775
9. (bestbidg2 < 6) and (quant! < bestoffq - minret10) 81.48 49,09 0.314 0.672 0.00 05000 ~05000 | 04905
10. (quant < bestoffq) and (bestbidg < bestoffq) 8148 5273 0.934 0.558 0.79 0.2148 0.3409 0.2935
1. (bestoffq > 3.8 — min{1.15,3.5 — quant1}) or (2 > bidcount2) 8148 51.82 0.097 -0.296 0.58 0.2810 0.4801 0.3325
12, (depthoff2 < bestbidg2) or (bestoffq — averet10 > 1.35) or (depthoff2 < avgpr20) 81.48 54.55 0.936 0.550 1.16 0.1230 0.3446 0.2205
13. (3 > bestbidg) and (quant! < bestofi) 81.48 52.73 1.072 0.722 0.79 0.2148 0.3192 0.2935
14, (quant2 < bestofi) and (minret5 < bestoffg2) 81.48 50.91 0.308 -0.079 0.38 0.3520 0.4483 03775
15. (avgret10 < quant2) and (quani2 < bestoffq) 81.48 53.64 2.646 2270 0.99 0.1611 0.1335 0.2545
16. (bestoffq > liqoff) and (bestoffq > quant1 + minret5) 81.48 5091 0.430 0.056 0.38 0.3520 0.4286 0.3775
17.(bestoffq > max{quant, 2}) 7778 53.64 0.980 0.597 0.98 0.1635 0.3372 0.2545
18. bestoffq > bestbidg2 77.78 57.27 1.761 1.375 1.74 0.0409 0.2296 0.1425
19. (lagpr2 > price) or (5.69 — 2.866 - bestoffq > maxret10) 77.78 55.45 3.405 3.295 250 0.0062 0.0009 0.1925
20. (maxret10 > depthoff2) or (3 < bestoffg) 77.78 54.55 -0.040 0419 1.16 0.1230 >0.5000 | 0.2205
21. Average 85.19 ar.27 -0.968 -1.337 -0.38 >0.5000 X >0.5000 0.5885
Trading rules based on the all order book information. The fitness function is the percentage of the correct in-sample

predictions of the exchange rate directional changes. In-sample period: Monday and Tuesday, out-of-sampl
Wednesday — Friday. The average rule gives a buy signal if more than 9 of best 19 rules give a buy signal and sell
otherwise.
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On The Predictability of Tick by Tick Exchange Rates Mark Salmon
L Directional Changes
LAII Order Book Information

k = 0.01

AR ERFIEFARENES
1 (offcount > 6) and (offcount2 < 8) 100.00 50.00 -0.915 -0.935 0.07 0.4721 -3.68 >0.5000 0.4315
2. (max{time - 2.5, maxret20} < AMow284) ynd (offcount < 9) 100.00 50.00 -0.128 -0.141 -1.02 >0.5000 -0.73 >0.5000 0.4315
3. (ligoff2 — offcount! > —8.9) and (bidcount2 > 7) 100.00 52.38 0.149 0.122 0.10 0.4602 061 0.2709 0.3025
4. offcount = offcount 100.00 50.00 -0.025 -0.212 -0.09 >0.5000 -0.01 >0.5000 0.4315
5. (bestbid > bestbid2) or ((quant2 > lagret1) and (lagpr2 > bestoffq1)) 100.00 38.10 -0.806 -0.905 -1.65 >0.5000 -0.43 >0.5000 0.9325
6. (offcount < 9) and (time < time1) 100.00 47.62 -0.312 -0.385 -0.28 >0.5000 -0.40 >0.5000 05725
7. timel > avgpr20 - time 100.00 35.71 -2.670 -2.806 -1.97 >0.5000 -1.20 >0.5000 0.9655
8. (bestbid > bestbid2) or (bestbid > avgpr5) 100.00 28.57 -4.328 -4.475 -3.04 >0.5000 -1.87 >0.5000 >0.999
9. bestoff2 = bestoff 100.00 52.38 0.178 0.104 0.59 0.2776 0.23 0.4090 0.3025
10. i ”“W Tz | < maxpr20) or (bestoff2 > bestoffq1) 100.00 4762 1.264 1.163 022 >0.5000 0.58 0.2810 0.5725
11 48841 ) and (avgpri0 < bestbid1) 100.00 50.00 0.072 0.012 0.20 0.4207 0.05 0.4801 0.4315
12. (2.52 < bestoffq) or (max{liqoff2, bestbid1} > maxpr5) 100.00 59.52 1.817 1.702 1.59 0.0559 0.78 02177 0.0465
13. bestoffq1 — lighid1 < bestoffq 100.00 54.76 2.680 2591 1.13 0.1292 233 0.0099 0.1915
14. (bestoff2 < bestoff) or (liqoff2 > avgret10) 100.00 40.48 -1.781 -1.931 .22 >0.5000 -0.76 >0.5000 0.8755
15. 8 > offcount2 83.33 45.24 -0.823 -0.869 -0.65 >0.5000 -0.73 >0.5000 0.6885
16. lagret2 > time 83.33 50.00 -0.099 -0.145 0.10 0.4602 -0.04 >0.5000 0.4315
17. (time < avgret10) and (0.23 > ligoff2) 83.33 50.00 -0.099 -0.145 0.10 0.4602 -0.04 >0.5000 0.4315
18. bestoffq1 < minpr10 83.33 4524 0.846 0.732 -0.55 >0.5000 0.36 0.3594 0.6885
19. minpr5 < min{lagpr1, bestbid} 83.33 57.14 3.741 3.582 0.99 0.1611 167 0.0475 0.1065
20. (depthoff2 < 6.54) or (offcount2 < maxpr20 - 5.37) 83.33 45.24 -0.823 -0.869 -0.65 >0.5000 -0.73 >0.5000 0.6885
21. Average 100.00 47.62 -0.985 -1.024 -0.77 >0.5000 227 >0.5000 0.5725

Trading rules based on the all order book information. The fitness function is the percentage of the correct in-sample

predictions of the exchange rate directional changes. In-sample period: Monday and Tuesday, out-of-sample:
Wednesday — Friday. The average rule gives a buy signal if more than 9 of best 19 rules give a buy signal and sell
otherwise.
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On The Predictability of Tick by Tick Exchange Rates Mark Salmon
LCumulative Returns: No Transaction Costs

LPure Price Information

k=20

Tachnca mles s | metestomd | omto | PO% | G | pvae | ot | puaie | puae
1. (re? - maxre20 < lagret! - maxret5) or (ret - maxret10 < lagret! - maxret5) 6.562 8.689 8.905 5148 | 2.15 0.0158 3.67 0.0001 <0.001
2. (minret20 < avgret20) and (ret < lagret2) 6.347 9.092 -10.102 51.42 2.05 0.0202 3.81 0.0001 <0.001
3. ret < lagrer2 6.347 9.092 -10.102 51.42 2,05 0.0202 3.81 0.0001 <0.001
4. (lagpr1 > minpr5) and (lagret2 > ret) 6.321 9.359 -9.966 5154 | 222 0.0132 2.20 0.0139 0.001
5. (ret < lagret2) or (maxret20 = lagret2) 6.314 9.186 -10.036 5152 | 219 0.0143 385 0.0001 <0.001
6. (lagret2 = maxret10) or (lagret! > ret) 6.222 9.631 -10.688 50.88 1.28 0.1003 4.08 <0.0001 <0.001
7. (ret < lagret1) or (ret < lagret2) 6.158 9.935 -9.190 51.63 244 0.0073 4.32 <0.0001 <0.001
8. (avgret5 > ret) or (lagret2 > ret) 5.996 8.547 -9.362 5140 | 2.06 0.0197 3.66 0.0001 0.0015
9. (lagpr! - lagret! > price) and (price < maxpr5) 5.861 8.806 -12.084 51.12 161 0.0537 3.70 0.0001 0.0015
10. ret < lagret! 5.861 8.806 -12.084 51.12 181 0.0537 3.70 0.0001 0.0015
11, (avgret5 > ret) or (avgpr10 = avgpr5) 5.861 7.153 -11.074 5110 | 1.58 0.0571 3.03 0.0012 0.0115
12, ret < e 5771 7467 0814 | 096 | 139 | ooszs | a15 | oooos | 0ooss
13. lagpr! - avgret5 > price 5.771 7.465 -10.814 50.96 1.39 0.0823 3.15 0.0008 0.0065
14. (lagpr1 > minpr5) and (maxret10 > ret) 5.658 9.868 -5.755 5167 | 275 0.0.030 4.75 <0.0001 <0.001
15, maxret20 - ret < maxret10 5.416 9.460 -5.930 50.62 0.93 0.1762 4.10 <0.0001 <0.001
16. (maxret20 = lagret2) or (ret < avgret10) or (avgpr20 = minpr10) 5.343 8.593 -9.228 50.92 1.33 0.0918 361 0.0002 0.0015
17. (price = avepr20) or (averet5 = avaret10) or (price < lagpr1) 5.169 8.534 8.925 5054 | 078 0.2177 3.59 0.0002 0.0015
18. (minret5 = ret) and (price < lagpr2) 5.113 6.198 -5.470 4994 | -006 | >05000 | 321 0.0007 0.0385
19, prie < lagpr! 5054 8494 6904 5050 | 072 | oz | as7 | ooooz | 00025
20. (maxpr10 < price) or (ret = minret5) 5.021 5.422 -8.751 50.81 1.34 0.0901 2.60 0.0047 0.0795
21. Average 5.654 8.327 -10.267 51.00 1.44 0.0749 3.51 0.0002 0.0025

Trading rules based on the pure price information only. The fitness function is the cumulative return for 3 days

trading. In-sample period: Monday and Tuesday, out-of-sample: Wednesday — Friday. The average rule gives buy
signal if more than 9 of best 19 rules give buy signal and sell otherwise.
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On The Predictability of Tick by Tick Exchange Rates Mark Salmon
LCumulative Returns: No Transaction Costs

LPure Price Information

k = 0.0005

[ oy | ey | oot [0 | i | e | o | e | e
1. (maxpr10 - minret20 < avgpr5) and (maxret20 - minret20 < lagret2) 4.569 6.233 2477 5262 | 1.89 0.0294 2.74 0.0031 0.0065
2. (maxpr5 > minpr10) and (lagret1 > maxret20 - minret20) 4017 6.407 2.092 51.62 1.33 0.0918 2.73 0.0032 0.0065
3. (ret < minret10) or (lagret1 < minret10) or (avgret5 = minret20) 3.447 4.934 0.224 52.15 152 0.0643 219 0.0143 0.0155
4. (ret = minret10) or (lagret1 = min{avgret20, minret10}) 3.415 4.938 0.227 52.15 1.52 0.0643 220 0.0139 0.0155
5. (ret < minret10) or (lagret! < minret20) 3.372 4.076 0.731 50.94 0.51 0.3050 1.87 0.0307 0.0205
6. (price < maxpr5) or (maxret20 > maxret10) 3.325 5.083 1415 5054 | 0.86 0.1949 2.44 0.0073 0.0135
7. (ret- maxret20 < lagrer1) and (price = minpr10) 3.304 3.335 0.884 5155 | 090 0.1841 3.39 0.0003 0.0305
8. price - minrei20 < avgpr20 3273 5008 2757 5061 | 097 | oiee0 | 251 | 00060 | 00135
9. (lagpr! = minpr20) or (ret = minret10) 3.263 3.289 -1.315 5067 | 0.32 0.3745 1.49 0.0681 0.0305
10. (ret < maxret10) or (maxpr5 > min{price, maxpr10}) 3.184 4.895 1.937 4966 | 0.33 0.3707 279 0.0026 0.0155
1. (price < maxpr10) or (ret < maxret10) 2.104 4.231 1.930 49.60 | 0.38 0.3520 268 0.0037 0.0205
12. max{maxpr5, price — avgret20 + minret10} > price 3.155 7.652 1.930 51.35 1.19 0.1770 3.27 0.0005 0.0015
13._price < maxprs 3124 7353 2761 5135 | 119 | 01770 | 313 | 00008 | 00025
14, (ret < minret10) and (avgret5 - lagret2 > ret) 3.098 6.425 1.885 52.02 135 0.0885 3.14 0.0008 0.0065
e e s e I 11.058 7669 s114 | 077 | 02206 | 464 | <0.0001 | <0.001
16, _price + minpr20 — avgpr20 < lagpr? 2952 5003 2504 5128 | 218 | oot | 30e | 00010 | 00145
17 (ret < maxret10) or (price < max{lagpr2, max{avgpr5, minpr20} }) 2.926 4.488 1.245 5007 | 067 0.2514 243 0.0075 0.0175
18. min{ret, avgret§} < minret10 2.883 6.127 1.492 51.62 1.01 0.1562 292 0.0018 0.0075
19. (ret < minret10) or (avgret5 = minret20) 2.858 6.141 1532 51.62 1.01 0.1562 2.95 0.0018 0.0075
20. ret < minret10 2.821 6.172 1.575 51.68 1.07 0.1423 296 0.0015 0.0065
21. Average 3.460 6.676 1.833 51.75 131 0.0951 2.84 0.0023 0.0065

Trading rules based on the pure price information only. The fitness function is the cumulative return for 3 days

trading. In-sample period: Monday and Tuesday, out-of-sample: Wednesday — Friday. The average rule gives buy
signal if more than 9 of best 19 rules give buy signal and sell otherwise.
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On The Predictability of Tick by Tick Exchange Rates Mark Salmon
LCumulative Returns: No Transaction Costs

LPure Price Information

k = 0.001

Technical rules In-sam., Oui»n!-sam., O-of-s, Ret., % P-T P-T A-G A-G White's

Ret., % Ret., %, 6 =0 f=10"* ' stat. p-value stat. p-value p-value

4 E:\Z;grlﬂfu»grm5+muxml5 < maxpr20) or (maxpr10 — avgret5 + minret10 < 2781 6,049 4484 5192 | o098 0.1635 261 0.0045 00035
2. (minpr10 = lagpr1) or (minret20 > ret) 3574 4581 2,633 52.88 151 0.0655 2.29 0.0110 0.0115
3. (maxret10 - avgpr20 > maxpr5) or (avgpr5 = lagpr2) or (avgpr5 = avgpri0) 3.567 1.473 -0.077 5110 | 070 0.2420 0.64 0.2611 0.0865
4. avgpr20 - lagpr2 > minpr5 - maxpr5? 3.465 6.909 5.191 53.16 1.66 0.0485 2.97 0.0015 <0.001
5. (price = minpr20) or (min{lagpr1, avgpr5} = minpr20) 3.452 6.013 4.170 52.61 135 0.0885 262 0.0044 0.0035
6. (: wgpr5) or (min{price, lagpr1} = minpr20) 3.400 5.339 3.494 51.92 | 0.98 0.1635 232 0.0102 0.0065
7. (mln[pnu. lagpr1} = avgpr10) or (min{price, lagpr1 } = minpi20) 3.287 6.012 4170 5261 | 1.35 0.0885 2,61 0.0045 0.0035
8. (i lagret1) or (price - maxret§ < avgpr10) 3.282 2.001 0.061 5110 | 054 0.2046 0.88 0.1894 0.0645
9. (lagr minret20) or (ret = minret10) 3.264 4.346 2.164 53.16 1.65 0.0495 2.01 0.0222 0.0125
10. (avgret10 < avgret20) or (price = minpr20) 3.262 5.390 3.379 52.34 141 0.0793 2.39 0.0084 0.0065
11. (lagret! = minret10) or (ret = minret20) 3.252 6.350 4.043 55.63 3.08 0.0010 2.93 0.0017 0.0025
12 (lagpr2 = avgpr5) or (minret10 > ret) 3.204 6.251 3911 5426 | 232 0.0102 293 0.0017 0.0025
13. (avgret10 < avgret20) or (min{avgret10, lagret12 - ret} < avgret20) 3.029 1.287 2.570 5110 | 0.80 02119 2.08 0.0188 0.0995
14, (lagret! = minret10) or (ret = minret10) 3.006 5.397 2,973 5426 | 226 0.0119 2.39 0.0084 0.0035
15 minret10 = min{ret, lagret1} 3.006 5.397 2.973 5426 | 226 0.0119 2.39 0.0084 0.0035
16 (minpr10 = minpr20) and (et < min{minret10, T2 1) 2.890 5.874 4.235 5206 | 1.05 0.1469 3.20 0.0007 0.0035
17 (ret < minret10) and (minpr10 = minpr5) 2.864 6.172 4.383 53.43 1.94 0.0262 3.24 0.00068 0.0035
18, (minret10 > ret) and (price < avgpr10) 2.839 6.602 4694 5398 | 227 0.0116 3.33 0.0004 0.0015
19. (avgret10 < avgret20) or (ret < minret10) 2.791 3.068 0.960 5055 | 044 0.3300 1.38 0.0838 0.0305
20. ret < minret10 2645 6.387 4.225 53.30 1.78 0.0375 3.13 0.0009 0.0025
21. Average 3.555 4.150 2190 52.75 1.42 0.0778 1.88 0.0301 0.0165

Trading rules based on the pure price information only. The fitness function is the cumulative return for 3 days

trading. In-sample period: Monday and Tuesday, out-of-sample: Wednesday — Friday. The average rule gives buy
signal if more than 9 of best 19 rules give buy signal and sell otherwise.
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On The Predictability of Tick by Tick Exchange Rates Mark Salmon
LCumulative Returns: No Transaction Costs

LPure Price Information

k = 0.005

Technical rules In-sam., Oui»n!-sam., O-of-s, Ret., DC, % P-T P-T A-G A-G White's

Ret., % Ret., %, 6 =0 =10"* ' stat. p-value stat. p-value p-value

1 (minret10 - 1.637268 > avgpr5) or (minret20 + maxret20 < 2 - lagret2) 3.292 0.644 0.550 53.77 1.49 0.0681 0.53 0.2981 0.1555
2. (min{minret20, ret} = lagret1) or (minret20 = ret) 2918 4.085 371 60.38 2.21 0.0136 1.76 0.0392 0.0145
3. (minpr10 > lagpr1) or ((avgret20 < avgret5) and (lagpr1 > price)) 2,635 -1.315 -1.656 4434 | -1.20 >0.5000 -0.58 >0.5000 0.3005
4. (avgret20 < avgret5) and (lagret! > avgret20) 2203 -2.298 -2.591 47.17 | -0.61 >0.5000 -1.07 >0.5000 0.3985
5. max{22I0RE 4yapeS) > lagpr2 2.070 2.784 2415 60.38 | 2.33 0.0099 137 0.0853 0.0325
6. ret- maxret20 < lagret 1.994 7.952 7.543 68.87 4.64 <0.0001 3.96 <0.0001 0.0015
7. ret < minret5 1.992 9.634 9.145 72.64 5.44 <0.0001 4.19 <0.0001 0.0015
8. (maxpr5 > maxpr20) and (maxpr5 > price) 1.964 3.718 3.497 56.60 173 0.0418 2.08 0.0188 0.0175
9. (lagret2 > minrei5) and (price > 2020) 1.934 -5.758 -6.059 35.85 | -3.06 >0.5000 -2.60 >0.5000 0.7185
10. (lagpr! < avgpr20) or (max{avepr20, minpr5} > price) 1813 4914 4.628 5943 | 2.07 0.0192 227 0.0116 0.0085
1. price < max{avgpr20, lagpr2} 1.813 7.812 7.367 66.98 3.72 0.0001 3.32 0.0005 0.0015
12. (price < max{lagpr1, lagpr2} )or(maxpr5 < lagpr1) 1.813 8.690 8.198 69.81 4.48 <0.0001 37 0.0001 0.0015
13, maxpr5 > price 1.813 8.212 7.751 67.92 4.01 <0.0001 3.54 0.0002 0.0015
14. avgret20 < avgret5 1.635 -0.105 -0.418 48.11 -0.39 >0.5000 -0.05 >0.5000 0.1935
15. (price < minpr5) or (lagpr! < 20) 1.497 4.905 4604 5943 | 204 0.0207 2.20 0.0139 0.0085
16. ninpr20) and (price < minpr20 - maxret20) 1.491 7.862 7.410 67.92 3.96 <0.0001 3.32 0.0005 0.0015
17. min{price, lagpr1} < avgpr20 1.491 4914 4.628 5943 | 2.07 0.0192 227 0.0116 0.0085
18. 1.472 6.690 6.229 67.92 3.96 <0.0001 284 0.0023 0.0025
19. maxret5) or (lagpr2 > price) 1472 7.983 7.537 6792 | 396 <0.0001 3.37 0.0004 0.0015
20. price < lagpr2 1.472 8.148 7.602 67.92 3.95 <0.0001 3.39 0.0003 0.0015
21. Average 1.813 8.690 8.198 69.81 4.48 <0.0001 3.71 0.0001 0.0015

Trading rules based on the pure price information only. The fitness function is the cumulative return for 3 days

trading. In-sample period: Monday and Tuesday, out-of-sample: Wednesday — Friday. The average rule gives buy
signal if more than 9 of best 19 rules give buy signal and sell otherwise.
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On The Predictabi

ity of Tick by Tick Exchange Rates Mark Salmon
LCumulative Returns: No Transaction Costs

LPure Price Information

k = 0.01

Tachnca mles s | metestomd | omto | PO% | G | pvae | ot | puaie | puae
1. avgpr20 < 1.6345 1.707 -1.062 -1.095 48.72 -0.05 >0.5000 -1.31 >0.5000 0.3635
2. (minpr20 > price) or (avgpr5 > avgpri0) 1.707 3.503 3.399 56.41 121 0.1131 3.16 0.0008 0.0145
3. (maxpr5 < 1.6422) and (lagpr1 < maxpr5) 1,645 -2.457 -2.548 41.03 | -1.18 >0.5000 -1.79 >0.5000 0.5675
4. (lagret2 > 1) and (lagret2 - avgrei20 > avgret10) 1.645 1.827 1.705 5385 | 0.55 02912 0.86 0.1949 0.0575
5. maxpr20 minret10 > avepri0 - maxret20 1645 0318 0238 5085 | 049 | ost21 | oz6 | osera | otezs
6. avgret20 < min{lagret, lagret2} 1.085 -1.234 -1.346 51.28 | 0.09 0.4641 -0.60 >0.5000 0.3895
7. maxpr10 < 1.6394 1.085 1.166 1.106 58.97 1.24 0.1075 0.83 0.2033 0.0925
8. min{avgret20, maxrel5} < lagrei2 1.078 -2.909 -3.026 41.03 -1.13 >0.5000 -1.31 >0.5000 0.6025
9. lagret2 > avgrer20 1.078 -2.909 -3.026 41.03 -1.13 >0.5000 -1.31 >0.5000 0.6025
10. (minret20 < minret5) and (avgpr20 < lagpr2) 1.023 -3.189 -3.305 3333 | -262 >0.5000 -1.68 >0.5000 0.6445
11, (maxpr20 > lagpr1) and (avgrei20 > 1) 1.023 0.071 -0.083 3846 | -1.52 | >05000 | 004 0.4840 0.1955
12. minret20 - lagpr1 > 2 1.023 -0.958 -0.991 48.72 -0.56 >0.5000 -3.31 >0.5000 0.3505
13. minpr20 < minpr5 1.023 -2.846 -2.955 33.33 -2.34 >0.5000 -1.39 >0.5000 0.5975
14. (lagret2 < lagret1) and (lagret2 < ret) 1.023 -0.146 -1.506 46.15 | -1.03 >0.5000 5.25 >0.5000 0.2475
15. lagret! < maxret5 1.016 -2.186 -2.284 35.90 -2.27 >0.5000 -1.29 >0.5000 0.5325
16. lagpr! < maxpr5 1.016 -1.279 -1.351 41.03 -1.52 >0.5000 -1.00 >0.5000 0.3965
17 et > minwes 1016 5612 5781 2308 | 401 | 0500 | 277 | 05000 | 08705
16. 26389 > price + manrei20 = 7042 7777 7049 | 504 | 00001 | 527 | 00001 | <0001
19, price — minpr20 0832 5108 7899 8205 | 525 | 00001 | a56 | o000z | <0001
20. minpr20 > price - avgret 0.770 5.530 5.383 74.36 3.82 0.0001 2.37 0.0089 0.0045
21. Average 1.645 1.447 1.359 51.28 0.20 0.4207 0.65 0.2578 0.0745

Trading rules based on the pure price information only. The fitness function is the cumulative return for 3 days

trading. In-sample period: Monday and Tuesday, out-of-sample: Wednesday — Friday. The average rule gives buy
signal if more than 9 of best 19 rules give buy signal and sell otherwise.
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On The Predictability of Tick by Tick Exchange Rates Mark Salmon
LCumulative Returns: No Transaction Costs
LAII Order Book Information

k=20

T, In-sam., | Out-of-sam., Ooti.ukeil., P-T P-T AG AG

White's
Ret,% | Ret,%0=0 stat. | pvalue | stat. | pvalue | pevalue

1. (lagrei2 > ret) and (minpr5 < bestbid) 8.404 12.256 5376 | 575 | <00001 | 518 | <0.0001 | 00035
2. (1213 price > time1) and (price < bestoff) 7.984 10.007 5326 | 543 | <00001 | 476 | <0.0001 | 00035
3. bestbid > min{avgpr20, price, bidcount1} 7.675 5.540 5676 | 996 | <00001 | 230 | 00107 | 00205
4. (max{avgpr20,price} < bestoff) or (bestbidg — maxret5) 758 7.326 5743 | 11.06 | <00001 | 302 | 00013 | 00105
5. (bidcount2 > time1) and (price < bestoff) 7.436 7571 5316 | 498 | <00001 | 339 | 00003 | 00085
6. (bestoff1 = maxpr20) or (ret < lagret2) 7.272 9.669 5178 | 263 | 00043 | 398 | <0.0001 | 00045
7. (et < lagrei2) or (max{min{ (27 2meB0 4y4re10}, et} < lagretl) 6.851 11.624 5157 | 234 0.0096 4.78 <0.0001 0.0035
8. (ret < lagret2) or (ret < lagrer1) 6773 10.730 5159 | 241 | 00080 | 450 | <0.0001 | 00035
9. price < bestoff 6.768 9.490 5489 | 1315 | <00001 | 7.61 | <0.0001 | 00045
10, bestbid > price 6.526 9.258 5105 | 161 | 005367 | 384 | 00001 | 00045
11 ](":;’;‘)')Um d(\m ";‘:""I':“(‘:ffl;:"“lé((::’lfl':"‘gi) ) > offcountlor(ime < 208 6.465 1618 10178 5214 | 366 | 00001 083 | 02033 | 0.1375
12, (9.31 — &22 < 8.79) and (price < bestoff1) 6.357 0.117 -13.384 51.80 2.63 0.0043 0.05 0.4801 0.2505
13 ret < lagret2 6.229 10213 9154 5114 | 165 | 00495 | 410 | <0.0001 | 00035
14._ret < avgret§ 5.771 8.439 -10.008 5097 | 140 | 00808 | 341 | 00003 | 00075
15._(min{depthof, et} = minret5) or (depthbid1 < 2.4) 5.453 5.948 -8.345 5091 | 148 | 00694 | 273 | 00032 | 00185
16, {(minp  pice) o (dplbia2 < .01) o (bestid = pric))and (il + | g — P oo e | sem oo | e || ooes

7.61 > min{time, depthbid})

17. (maxpr5 < bestoff) or (lagret! = maxre120) 5.233 7.786 -3.993 57.18 | 1049 | <0.0001 | 3.6 0.0008 0.0075

18 %f;;’j‘;”,f ret) and (bestoff > lagpr2) and (offcoun2 > 1.51- (0.18 + | 53¢ 5.803 10,145 5324 | 475 | <0000t | 240 | 00082 | 00195
T T — SoffT — 5.55)) or (price <

19. :‘"“:‘”) (e = ey +7/61): (besoflql = 8.88)) or price < | 547 7777 1426 5145 | 284 | 00028 | 429 | <0.0001 | 00075

20._(depthbid1 < 4.83  ret) or (minret10 = ret) 5011 8972 1041 5086 | 164 | 00505 | 485 | <0.0001 | 00095

21 Average 9.165 11830 -8.481 5337 | 495 | <0.0001 | 479 | <0.0001 | 00035

Trading rules based on the all order book information. The fitness function is the cumulative return for 3 days
trading. In-sample period: Monday and Tuesday, out-of-sample: Wednesday — Friday. The average rule gives buy
signal if more than 9 of best 19 rules give buy signal and sell otherwise.
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On The Predictability of Tick by Tick Exchange Rates Mark Salmon
LCumulative Returns: No Transaction Costs
LAII Order Book Information

k = 0.0005

In-sam., | Outof-sam, | O-of-s, Ret, w | PT T AG AG | White's
UESEI Ret,% | Ret,%6-0 | o=10% | P%% | sat | pvae | stat. | pvalue | pvalue
besoffy - B > 319) and ((bewbidi2 — 216 > avgp20) or
(eolly - et 2 D G 2 o) 4.045 -1.088 5.057 4889 | 108 | >05000 | -0.47 | 05000 | 02825
(RIsema(2 57 bidconl) < pestoffg1))
(8.7 min(2.4,7.7 — tme,8.07 + minpr20 + minee20} > avgrei20) or (lqol2 = hoff - | 4 2co P 0450 5077 | 038 | ossz | 197 | oozes | ooors
minpr20)) and (besoftt > price)
3. (besto > prie) or (price — bestbid ) 4518 5334 1076 5252 | 26 | 00091 | 227 | ooit6 | 00055
4. ({2515 bestoffy ) > minprS) and (offcountd > 9) 4504 2071 5676 | 4802 | 183 | 05000 | 090 | 505000 | 08855
in{bideoun2, 253} < 2655) or (icc < bobid) or (depibbidi <
5 (minfbiomn, 53} < oz 8 B e = 4368 7155 2639 5340 | 248 | 0086 | 302 | 00013 | 00035
B 4330 9725 4632 5420 | 322 | 00006 | 392 | <00001 | <0.001
7. < bestoffg) and (‘ < min{5.04, besoflg1}) 4165 1897 5246 | 4815 | 149 | 05000 | 081 | 05000 | 03685
B (1.8 < min{besollal bestofla)) and (deptholt > bideouni2) 4094 B 5442 | 4615 | 166 | >05000 | 071 | >05000 | 0:3825
9. (min{bestoffq — avares, besoflq1} > avgre) and (7.42 < offeountl — B 4001 1840 5632 | 4704 | 228 | >05000 | 079 | >05000 | 0.3645
2pr20 - time1 > maxpr10) or (SESEET . max avgy
o, (et orie) nd (nap20 - net 2 mari0) or (<SG > marto2 - [ 475 212 22t | 4050 | 035 | >0500 | om0 | oree7 | oo
11._(price < bestofft) or (min(8.8,offcount} > depthoft2) 4017 6.449 2829 5050 | 084 | 02514 | 301 | 00013 | 00035
12._(lqoft2 < 5.14) and ((maxprS < bestoff1) or (price — minpr10)) and (bestbid > minpr10)) | 3.969 11281 7842 5642 | 572 | <00001 | 591 | <00001 | <0.001
13._(bestbid < bestofTg1) and (quant2 < depthoff1 — bideount1 -0.73 — time) 5958 1263 437 | 4s62 | 119 | >05000 | 054 | >05000 | 03015
14__(quan > 2.8) or (besoflq > max{ iy quant1}) 3938 0801 5474 | 4869 | 103 | >05000 | 034 | >05000 | 02495
15._bstbid = pricc 3869 10072 5.440 5360 | 270 | 00035 | 421 | <0.0001 | <0001
juant estoffq) or ret — depthbid Detolly 10 gopyhbid
15, (Quani2 < bestofTa) or (Min{min{7.6, 13.78 = ret ~depthbid2} + Figigis™, depthbid) + | 5 745 1413 5851 4956 | 036 | 05000 | 060 | 05000 | 03195
lagpr! > 2 + quant)
17.(quant < bestoftg) and (offcount > 9) 3579 0368 4665 | 4990 | 010 | >05000 | 015 | >05000 | 02035
o, (92 S mamin (e 755,9.30- b~ i) oot a0 | 517 o = Lo e e ) e e e
19, (quan2 < bestoft) and (bestoffal > 1) 3.405 0230 3033 | 5024 | 024 | -05000 | 012 | oas22 | 01595
20._(bestoffy > ret) and (time > ret) 3359 1998 2645 | 5077 | 077 | oze0s | oss | oi977 | oorzs
21, Average 5518 1473 2606 | 4976 | 0.40 | >05000 | 051 | 03050 | 00795

Trading rules based on the all order book information. The fitness function is the cumulative return for 3 days
trading. In-sample period: Monday and Tuesday, out-of-sample: Wednesday — Friday. The average rule gives buy
signal if more than 9 of best 19 rules give buy signal and sell otherwise.
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On The Predictabi

ity of Tick by Tick Exchange Rates Mark Salmon
LCumulative Returns: No Transaction Costs
LAII Order Book Information

k = 0.001

in-sam,, [ Out-of-sam, Ly | PT T AG AG White's
WS Ret,% | Ret,%0=0 PG% | stat. | pvalue | stat | pvalue | pvalue
((depthofT2 > max{8.62, bidcount } — minret5) and (quant > ligbid) and (price < bestbid))
T or (deptholt2 > max{8.62, bidcount1} -+ 0.46) and (16.19 + lighid2 > offcount)) e 2 Q20 O || O || o= || @ || o | 09
A ﬁl‘lifln, < minpr20 - quant + minret10 — 2.2713) and (3.89 < time + minret20)) or (9 . o - oz | oz || s || om || sz || oms
3 (bestoff > price) and (lighid + minret10 < quani2) 4076 4.967 3143 5309 | 221 | 0013 | 232 | 00102 | 00155
(1:96 < timef - max{—bestbidg2, quantT — averet10} - max{ —bestbid2, quant! — avgrer10}) 7 7 P
- and (offooun! > bestid? + min{bestbidg (bestid? + bestidg? -5.32) - 51)) s 260 9 | G || 9 || s || 95 | = || 5
estoflg uantt > epthb o (bestollg 2
o lowm e TS mgmnSHE) w GsRE < g0 | oo | gas | e | 2w | saso | 222 | omwo | orses
min{max{bestoffg, 7.5}, Dz oy
a #f\p‘gg{fﬂ > avgpr10) and (max{bestoff bestoffq2} < bestofi2))or (quant1 > Dand(price < | 5 000 o e aollanll @ oo I ez || o=
7. (((1:843 < time1) or (bestoffg2 < quant)) and (quant > 1)) or (depthbid! < 485) 3.929 3.185 5.443 4733 | 147 | >05000 | 137 | >05000 | 05415
8 (5.97 bestoflg2 - bestbidq1 < depthofl - bestbida1 — 80.14) or (avgpri0 > avgret10 - price) 3.865 8542 6428 5350 | 215 | 00158 | 363 | 00001 | 00035
9. (quant1 > maxret10 + ret) or ((quant1 > 1.23) and (lagpr < time1)) 3607 0648 1705 4774 | 116 | >05000 | 027 | 0393 | 01585
10 (115 < quant1) or (avgpr0 — lighid2 > time)) and (time1 > 4.64 — besioff) 3566 0269 2.485 491 | 064 | >05000 | 0.11 | >05000 | 02245
1. (quantl > 1.35) and (3.04 < max{time, time1}) 3549 0597 1.861 4815 | 096 | >05000 | 025 | 04013 | 01595
12. (1 < quani2) and ((iime > 4.24) or (time1 > price)) 3435 0812 1690 4787 | 109 | >05000 | 034 | 03669 | 01435
13._(avgrei20 > ret) or (avgrei20 > avgret10) 3417 5.550 3501 5171 | 131 | 00951 | 257 | 00051 | 00125
14, bestbid < min{ ST quant) 379 0.159 2299 4787 | 131 | >05000 | -0.06 | >05000 | 02155
po. (mhmn > “N(“h]l:::“("’i\?a ~ besbidg T — bestoftg] > (min{quant?, 0.34) + mineer10) - | P I o oo || o o | =z || o=n
16. (e 85 < depthofl1 — bidcount) or (quani2 — 0.82 > avgpri0) 3.300 1.407 0.861 4870 | 031 | >05000 | 105 | 01469 | 01025
17. (9.6 < max{depthoff - ret bideount1}) and (u\.,mo > price) 3210 4.955 2624 5350 | 193 | 00268 | 204 | 00207 | 00155
(max{quantt, bestbidg} deoun)  or  (max{quant?
1 o o 124 251 4 4842 | - 1" 4562 17
LN (g 50 5 T lisicom) 3 0.25 056 8 065 | >05000 | 0. 0.456: 0.1785
19, (max{bestoffq, 7.8, deptho} > max(dwmlle 8.28}) or (127 > time) 3.126 0692 1615 4774 | 101 | >05000 | 032 | 05000 | 02735
20, (bestbid2 > price + liqoff1) or (3.66 > | AHEIO-BINE, — bestofiq)) 3.016 8351 6.383 5254 | 134 0.0901 394 | <00001 | 0.0035
21, Average 4.668 0810 1,586 4842 | 078 | >05000 | 034 | 03669 | 01435

Trading rules based on the all order book information. The fitness function is the cumulative return for 3 days
trading. In-sample period: Monday and Tuesday, out-of-sample: Wednesday — Friday. The average rule gives buy
signal if more than 9 of best 19 rules give buy signal and sell otherwise.
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On The Predictabi

ity of Tick by Tick Exchange Rates Mark Salmon
LCumulative Returns: No Transaction Costs
LAII Order Book Information

k = 0.005

Technical rules In-sam., Out-of-sam., 0O-of-s, Ret., DC, % P-T P-T A-G A-G White's

Ret., % Ret., %, 0 = 0 6=10"4 *70 | stat. p-value stat. p-value p-value

1. (bestoffql > lagret2) and (bestoffq1 > ret) and ([bestoffq — ret] > ret) 4.198 4774 4418 5909 | 220 0.0139 1.99 0.0233 0.0345.

(bestoffg bestbidg2) or (bestbidg2

2 min{max{bidcount, q...m.z) ‘max({bidcount, quant2} — 4.89|}) 8 2875 5520 0 || 1 @e=3 U= CUs1s) (0585

3. (offcount! — time < besthidg2) or (bestbidg2 < bestoffq) 3.639 1.675 1432 5455 | 140 0.0808 0.79 02148 0.1415
(|[[time — bestoffq1| — avgrei20| — 7.88| > bestbidg2) and (bestoffq > maxret20) and

e 359 2608 2270 5900 | 220 | 00130 | 112 | o1ats | o0eds
((iaoll1 = 0.24) and ((min{avgrei20, quan2}_— bestidg2) or (minres >

5. bestoff))) o (bestoffg > max{quant, bestbidg, bestbid ) 8es 2D &0 €89 || B8 QB U3 QORI =y

6 ((quant1 < min{B.14, bestofg)or(2.9 < [bestbid —1.7]))and(3.08 > bestbidg) 354 o072 0722 5273 | 079 | ozws | 047 | osiez | 01755

7. (quant] < bestoff) and ((avgret10 + bestbidg) - maxpri0 < 8.27) 3.546 1.221 0.858 5273 | 078 0.2177 0.53 0.2081 0.1705

8. (bestbidg2 - minret20 < 5.04) and (quant2 < bestoffq) 3545 -0.362 -0.703 49.09 | 0.00 0.5000 015 >0.5000 0.3155
(max{quant2, price} < min{bestoffq, 3.38) — avgret5) or (max{bestbid1, quant2} <

9 min(bestoffg, 8.7, time1 }) 3.537 0519 0.144 51.82 | 058 0.2810 023 0.4090 0.2335

10 (bestoffg > bestbidg2) and (4.63 - bestofg + quant > 8.7) 3.531 1.754. 1.395 57.27 | 155 0.0606 0.75 0.2266 0.1375

11. (5.41 < bestbidq1 - bestoftig) and (bestbidg1 < 3.08 + maxpr5) 3518 1.318 1.062 5000 | 023 0.4090 0.71 0.2389 0.1605

12, (bestbidg1 > bestbid - 6.96) or (bestoffq > max{ "2 maxpri0} - avepr20) 3517 1.805 1.432 56.36 156 0.0594 0.77 0.2206 0.1355

13. (~5.94-bestbid1 > —0.069 — besthidg1) or (avgret10 < avgret20) or (3 < bestoffq) 3.301 -0.139 0.464 5091 [ 041 0.3409 007 | >05000 | 02945
((4.09 < bestoffq) and (min{minret5, ligoff} > time2)) or (bestoffq >

Y S ] 3225 1640 1269 5455 | 105 | 01251 | 069 | o024t | 01425

15, (9.87 < besbidg1) or (bestofly > bt 3212 1.782 1403 5636 | 154 | 00618 | 075 | 02266 | 01365

=

16. (5.9 > max{bestoffgl, 7 ‘;““;Lﬁn )) and ((bestoff! < bestoffg) or (quant > 2 - price)) 3212 1.839 1.520 5636 | 1.39 0.0823 0.80 0.2119 0.1325

17, (bestoffq > min{bestbidg2, depthbid} and (bestoffg > 1)) 3.209 1.829 1476 5727 | 174 0.0409 0.78 02177 0.1335

18. (min{3.22, quant2} < max{quant2, bestoffq}) 3.200 0.727 0.318 5182 | 038 0.3520 0.30 0.3821 0.2085

19. quani2 > bestoffg - (ret — 2.41) +4.94 3175 1.575 1.183 56.36 | 1.35 0.0885 0.66 0.2546 0.1475.

20. (bestbidq = bestoffq1) and (liqoff + bestoffq1 > bestoffg2) 3.164 -2.100 -2.257 4636 | -0.84 >0.5000 | -1.28 >0.5000 05115

21._Average 3968 1664 1209 5455 | 115 | o251 | o70 | o2e0 | o1ais

Trading rules based on the all order book information. The fitness function is the cumulative return for 3 days

trading. In-sample period: Monday and Tuesday, out-of-sample: Wednesday — Friday. The average rule gives buy
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signal if more than 9 of best 19 rules give buy signal and sell otherwise.
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On The Predictability of Tick by Tick Exchange Rates Mark Salmon
LCumulative Returns: No Transaction Costs
LAII Order Book Information

k = 0.01

e e | metesomd | %omto | P0% | Gt | pvae | ot | puaie | pae
1. (offcount < 9.98) and (time2 — maxre120 < maxpri0) 1744 3335 3406 4286 | 138 | >05000 | 7.98 | >05000 | 06635
2. (bestollql < aveprS) or (8.7 > [bestoll(7.95 —offeount2) (6,58 —minpr10)) | _1.779 0561 0673 4286 | 088 | >05000 | 024 | >05000 | 04175
3. (offcount < 9.88) and ((1 < quant) or (quant < averet10)) 1744 2983 2893 5476 | 057 | 02843 | 176 | 00392
4. (time1 > quant) and (time1 > bestbid) and (maxret20 < depthoff2) 1744 0243 “0.389 4524 | 024 | >05000 | 012 | >05000 | 03895
5. (7.33 > [offcount — max{bestofTg, iqoli2}]) and (time2 < 9.46) 1744 -0.966 o7 5000 | 015 | 04404 | 103 | >05000 | 0.4635
6. (quantt > 2) or (lagpri > bestoi2) 1744 0248 0.108 5000 | 017 | >0s000 | 012 | o422 | 03345
7. (- ﬁl% < 8.23 — offcount) and (4.7 > time2) 1.744 -4.098 -4.181 4048 | -1.74 | >05000 | -9.82 >0.5000 0.7245
Eﬁww > besibidg?) and (avgpri0 < timel)) or (aveprt0 = | 4 744 -1.856 -1.980 4524 | 044 | >05000 | -079 | >0.5000 | 05465
9 Es‘ip‘goi “‘“zg‘ﬁ o ‘({:’j;‘::""‘ . ""’“')“'“2) (1.7 — quani2)]) and (6.755 1.744 1.819 1683 5476 | 092 | 04788 | 080 | 02119 | 0.885
10._(bestoffT < minpr20) or (bestoidg < — 758 ) 1744 0477 0377 4762 | 020 | >05000 | 020 | 04207 | 03135
1 0 < bestoffq) and (depthoff1 > 8.17 - ret — avgret5) 1744 2,553 2.430 61.90 | 161 0.0537 1.38 0.0838 0.1295
12 > price) and (maxpr5 > besiofi2) 1744 1767 1900 3810 | 123 | >05000 | 075 | >05000 | 05375
13._offeount2 > offcount 1744 1431 1282 5238 | 032 | 0s745 | 060 | 02743 | 02235
14._(offcount2 > maxret5) and (lagpr2 < time1) 1744 0057 “0.190 4524 | -022 | >05000 | -004 | >05000 | 0.3645
15.(6:36 > minpr5) and (deptholf < depthoft2) 1744 1827 1664 5000 | 000 | 05000 | 077 | 02206 | 0.1875
16, (8:37 > max{offcount!, 3.38}) and (3 < depthbid) 1744 3815 086114 3810 | 174 | >05000 | 362 | >05000 | 0.7015
17._(bestbid! < time1) and (time < deptholt) and (lagpr < time1) 1744 1430 1568 4524 | 036 | >05000 | 067 | >05000 | 05115
16._(quant2 > 2.38) or (avgretS > max{time, minret5)) 1744 0381 0281 5000 | 022 | >05000 | 0.6 | 04364 | 03245
19._(4 < depthoff) and (8.38 > lighid1 + min{offcount1, 8.66) 1744 249 250 4524 | 088 | >05000 | 246 | >05000 | 06105
20._(0.71 - time1 > time) or (maxret5 > max{minei20, betbidg 1 }) 1744 2625 279 3571 | 190 | >05000 | 114 | >05000 | 06195
21, Average 1744 -0.447 0586 5000 | -006 | >05000 | -019 | -05000 | 04115
Trading rules based on the all order book information. The fitness function is the cumulative return for 3 days

trading. In-sample period: Monday and Tuesday, out-of-sample: Wednesday — Friday. The average rule gives buy
signal if more than 9 of best 19 rules give buy signal and sell otherwise.
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On The Predictability of Tick by Tick Exchange Rates Mark Salmon
LCumulative Returns: Transaction Costs 6 = 0.0001

LPure Price Information

k=20

I in-sam. Ret., [ Outots, [ Outots, [ [ PT PT AG AG | White's

6=10 Ret, 6 =10-* | Ret,0=0 | P© stat. | pvalue | stat | pvalue | p-value
1. 0.082718 < lagpr1-(minrci20-+14.407 +maxprS — S5 . (avgpr20 —minpr10) 1.761 3.930 6.291 5048 [ 097 | 01660 | 354 | 00002 | 0.2425
2. 0.02524 < lagpr! -(lagret1 +14.437 -+ minpr10—avgpr20) - (avgpr20 — minpr10) 1.642 2760 5333 | 4960 | -048 | >05000 | 266 | 00039 | 02725
3. minrei20 < 0.9992 1511 3134 4066 | 5052 | 097 | o160 | 220 | 00139 | 02605
4 maxeerl0? < G lERamdg 1.247 2825 3.202 5115 | 191 0.0281 1.67 0.0475 | 0.2695
5. 30792 < 2IB, _ L omes 0.992 0430 0216 5017 | 050 | 03085 | 0.19 | 04247 | 0.4015
6. price — maxret20 < 0.62988 0971 3724 4321 5135 | 232 | 00102 | 228 | 00113 | 0.2445
7. price < 1.6410 0.935 1918 2033 | 5023 | 155 | 00606 | 454 | <0.0001 | 03275
8. price <1.6315 0.629 7427 7807 | 5117 | 215 | oots8 | 437 | <0000t | 03405
9. price < 1.6346 0615 5822 6268 | 5060 | 153 | 00630 | 429 | <0.0001 | 0.2085
10 sel 0.095 -0.062 -0.055 | 4996 | 000 | 05000 | 000 | 05000 | 03865
11 Average 1.500 2850 3.531 5087 | 150 | 00668 | 189 | 00294 | 0.2695

Trading rules based on the pure price information only. The fitness function is the cumulative return for 3 days
trading under proportional transaction costs, & = 0.0001. In-sample period: Monday and Tuesday, out-of-sample:
Wednesday — Friday. The average rule gives buy signal if more than 4 of best 9 rules give buy signal and sell
otherwise.
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On The Predictability of Tick by Tick Exchange Rates Mark Salmon
LCumulative Returns: Transaction Costs 6 = 0.0001

LPure Price Information

k = 0.0005

Ealk A
1 minpr20 < "ﬁa maxret20 1.244 4.632 4.873 51.48 1.99 0.0233 263 0.0043 0.0095
2. minret10 + minret20 > maxpr20 + 0.3638 0.982 0.159 0.393 49.39 0.06 0.4761 0.22 0.4129 0.2805
3. maxpr§ < avgpr20 - maxret20 0.559 -0.006 2.088 49.26 -0.33 >0.5000 0.96 0.1685 0.4055
4. maxrei20 > ret - avgret5. 0.514 1.764 3.661 5061 | 1.72 0.0427 2.71 0.0034 0.0935
5. maxret5 - avgrec10 < avgrets 0.493 -0.547 0.125 5074 | -038 | >05000 | 0.20 0.4207 0.4925
6. ret < maxret20 0.180 3.155 6.133 50.61 1.67 0.0475 3.66 0.0001 0.0315
7. maxret5 = avgretS 0.167 -0.417 -0.277 50.74 -1.22 >0.5000 -0.61 >0.5000 0.4645
8. avgprl0 rice 0.166 -0.014 0.020 51.14 1.42 0.0778 0.36 0.3594 0.4065
9. (minret20 > 1.04) or (lagpr2 = avgpr10) 0.155 0.118 0.015 51.08 | 043 0.3336 0.09 0.4641 0.4215
10. avgret20 < minret10 0.154 0.183 0.241 51.01 0.04 0.4840 1.31 0.0951 0.2755
11. Average 0.638 0.039 2818 50.87 0.56 0.2877 1.23 0.1093 0.3055

Trading rules based on the pure price information only. The fitness function is the cumulative return for 3 days
trading under proportional transaction costs, & = 0.0001. In-sample period: Monday and Tuesday, out-of-sample:
Wednesday — Friday. The average rule gives buy signal if more than 4 of best 9 rules give buy signal and sell
otherwise.
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On The Predictability of Tick by Tick Exchange Rates Mark Salmon
LCumulative Returns: Transaction Costs 6 = 0.0001

LPure Price Information

k = 0.001

e e e s AL =
1. (ret < minet20) and (lagret! < maxret10) 4319 3676 5012 [ 5330 | 205 | 00201 | 317 | 00008 | 0.1435
2. (price = lagpr2) or (ret = minrei20) 3.966 5.304 7216 | 5426 | 245 | 00071 | 384 | 00001 | 0.0965
3. (avgpr10 = minpr10) or (ret < minrei20) 3.545 5420 7349 | 5467 | 277 | 00028 | 394 | <0.0001 | 0.0965
4. (price < minpr20) or (lagpr! = minpr5) 3175 3.607 5678 | 5261 | 138 | 00838 | 243 | 00075 | 0.1445
5. (minre20-+avgpr10—minpr10 > lagret1) and (price < max{minpr5, avgpr10}) 3175 5770 7.871 5302 | 157 | 00582 | 330 | 00005 | 0.0915
6. price < maxret10 - minpr10 2.784 4438 6804 | 5302 | 167 | 00475 | 289 | 00019 | o0.1185
7. (ret < minret10) or (avgret10 < minret10) 2723 4164 6338 | 5316 | 169 | 00455 | 310 | 00010 | 0.1235
8. (max{ 5 avgrei5) = ret) or (maxpr5 < avgpr10) or (minret10 = ret) 2.720 3395 5785 | 5275 | 141 | 00793 | 260 | 00047 | 0.1535
9. (ret < maxret20) and (minpr5 < minpr20) 2273 6.802 8836 | 5234 | 121 | 04131 | 373 | 00001 | 00735
10, (ret < avgret5) and (ret < lagret1) 2.168 4831 7534 | 5206 | 1.07 | 01423 | 321 | 00007 | 0.1075
1. Average 2614 3.594 5828 | 5261 | 134 | 00901 | 268 | 00037 | 0.1445

Trading rules based on the pure price information only. The fitness function is the cumulative return for 3 days
trading under proportional transaction costs, & = 0.0001. In-sample period: Monday and Tuesday, out-of-sample:
Wednesday — Friday. The average rule gives buy signal if more than 4 of best 9 rules give buy signal and sell
otherwise.
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On The Predictability of Tick by Tick Exchange Rates Mark Salmon
LCumulative Returns: Transaction Costs 6 = 0.0001

LPure Price Information

k = 0.005

Technical s Rotno 2 15-¢ | oted =0 | "% | gt | pvalie | sm | puaio | puae
1. (lagpri > avgpr20 - minret10) and (minpr20 > price - minret10) 5.847 4427 5808 | 6132 | 245 | 00071 | 269 | 0003 | 0.0745
2. (minrer20 = ret) or (lagret] — minret5 + minret20 = minret10) 5562 3.346 3726 | 5849 | 178 | 00375 | 161 00537 | 0.0985
3. (ret = minret20) or (avgret10 < avgret20) 5.287 2843 3179 [ 5849 | 180 | 00359 | 137 | 00853 | 0.1075
4. (maxprS = lagprt) or (minret10 = max{ P50 minret5 - minret5}) 5133 0.608 0869 | 5472 | 102 | 01539 | 038 | 03520 | 0.1545
5. 8555 > 0.719 + price + minpr10 5129 2436 2477 | 5283 | 139 | 00823 | 370 | 00001 | 0.1145
6. ((minpr§ = lagpr2) and (minpr20 = lagpr2)) or (minret20 = minret5) 4361 2289 2617 | 5377 | 079 | o2148 | 1.14 | 01271 | 0.1055
7. ret = minret20 4324 7.518 7912 | 67.92 | 441 | <00001 | 404 | <0000t | 0.0355
8. (averet10 < avere20) or (avgret20 < avgret5) 3943 -0.763 -0.624 | 5000 | 000 [ 05000 [ -056 | >05000 | 02285
9. (averet5 > lagret2) and (avgret5 > ret) 3785 4.148 4475 | 5849 | 196 | 00250 | 208 | 00188 | 0.0805
10. (1 < avgret10) and (averet20 < lagret1) and (minpr < lagret2 - lagpr1) 3664 -3.887 -3.662 | 4528 | -1.10 | >05000 | -1.93 | >05000 | 03145
1. Average 6252 3743 2111 6038 | 219 | 00143 | 177 | 00384 | 00895

Trading rules based on the pure price information only. The fitness function is the cumulative return for 3 days
trading under proportional transaction costs, # = 0.0001. In-sample period: Monday and Tuesday, out-of-sample:
Wednesday — Friday. The average rule gives buy signal if more than 4 of best 9 rules give buy signal and sell
otherwise.
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On The Predictability of Tick by Tick Exchange Rates Mark Salmon
LCumulative Returns: Transaction Costs 6 = 0.0001
L Pure Price Information

. In-sam., Ret., Out-of-s., Out-of-s., N PT P-T AG AG White's

[echnical culas 0-10- | Ret,0-10-% | Ret,0-0 | P“% | stat. | pvalue | stat. | pvalue | p-value

i T —_r 1.667 -0.202 0239 | 4872 | -011 [ >05000 | -020 | >0.5000 | 03495

2. 3.2678 > avgpr20 + minpr5 1.667 1.048 1.082 5641 | 1.88 0.0301 1.19 0.1170 0.1515

3. (avgpr10 < avgpr5) or (lagpr1 < avgpr5) 1.667 -0.780 -0.734 51.28 0.56 0.2877 -1.12 >0.5000 0.4225

4. avgprs > avgprl0 1.045 -1.313 -1.148 3846 | -1.47 | >0.5000 | -0.51 >0.5000 | 0.4775

5. (lagrei2 > avgrei20) and (avgret5 < lagret1) 1.045 1.107 1.222 58.97 | 1.24 0.1075 0.61 0.2709 0.1495

6. (avgpr5 > lagret1 - minpr20) or (avgret10 < lagret2) 1.038 -0.495 -0.449 46.15 -0.65 >0.5000 -0.39 >0.5000 0.3815

7. avgpr20 < minprS 0.993 -2.961 -2.851 33.33 -2.62 >0.5000 -1.61 >0.5000 0.6505

8. (ret > avgret10) and (minret10 > minret20) 0.993 -0.577 -0.518 48.72 -0.42 >0.5000 -0.29 >0.5000 0.3955

9. (ret > minret5) and (minpr5 > minpr20) 0.993 -0.518 -3.352 30.77 | 299 | >0.5000 | -1.78 | >0.5000 | 0.3835

10. (lagpr1 > lagpr2) and (ret > avgret10) 0.993 -1.506 -1.460 46.15 -1.03 >0.5000 -5.29 >0.5000 0.4975

11. Average 1.045 -1.495 -1.383 43.59 -0.80 >0.5000 -0.69 >0.5000 0.4965

Trading rules based on the pure price information only. The fitness function is the cumulative return for 3 days
trading under proportional transaction costs, & = 0.0001. In-sample period: Monday and Tuesday, out-of-sample:
Wednesday — Friday. The average rule gives buy signal if more than 4 of best 9 rules give buy signal and sell

otherwise.
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On The Predictability of Tick by Tick Exchange Rates
LCumulative Returns: Transaction Costs 6 = 0.0001

LPure Price Information

Mark Salmon

GA based no-transaction region

Technlcal rules 75000 | 0260001
1a. 18323 - max(price, avepr10}
1b. 1.836 3542
2a. 2.6361 > minret10 + maxpr20
2b.  true 1.401 3544
3a. 3.2724 > maxpr10 + minpr10
3b.  true 1.198 2939
42, false
4b. 54633 < pypmaetiOmaeZ0 1.148 2565
5a. false
5b.  1.639 < price 0.892 1.562
6a. false
6b. |price — maxpr10| < 0.0036 0.753 2.802
7a.  (1.00524 > ret)and(1.00524 < maxret20)
7b.  true 0.689 1.782
8a. (minpr20 + 7.8928 — avgret5 + minret20 < MW o0 Py
8b.  true 3 ¢ X
9a.  maxpr5 > minret20 - 1.648865
ob. true 0.652 2.041
10a. false )
100, 3 + avgret5 < 7.101135 0.401 0.559

Trading rules based on the pure price information. Buy if a) rule is true, Sell if a) is false and b) is true, No Trade if
both a) and b) are false. The fitness function is the cumulative return for 3 days trading under proportional
transaction costs, & = 0.0001. In-sample period: Monday and Tuesday, out-of-sample: Wednesday — Friday.
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On The Predictability of Tick by Tick Exchange Rates Mark Salmon
LCumulative Returns: Transaction Costs 6 = 0.0001
LAII Order Book Information

k=20

In-sam., Ret,, | Outof-s, | Outofs, [ .o | PT P-T AG AG | White's
LR 9-10+ | Ret,0=10 | Ret,6-0 | P“% | stat. | pvalue | stat. | pvalue | p-value
q ‘(‘(;':‘:Hﬁ)\a 34 — offcount!|) and (depthbid1 — bestbidg < bestbidg1)) or (1 > 05 5D P o7 | oz [ oz e I soem || o3
(min A =TT e s 28— >
2 e minp20 gy G R - 0361 0.109 0075 | 4997 | -141 | >05000 | -029 | >05000 | 02705
minprice ninge20-p) ) or (8.4 < ligoff1)
3. (depthbid2 — bestolf < 7.3962) or (U2 > depthbid1) 0.354 0.405 1.110 50.14 | 053 0.2981 1.37 0.0853 0.2405
4. (depthbid1 < min{maxpr10, bestbidq1} -+ minpr20) or (maxret5 — depthbid) 0.294 0644 -0551 | 5003 | 030 | o082t | -287 | >05000 | 03075
5. (8.19-avgpr20 > depthoff1) and (depthbid1 < 1.23) 0.287 -0.819 -0.746 50.01 | 0.00 0.5000 523 | >05000 | 0.3225
o ‘(2‘::;“; max{min{bestoffg - bidcount2, 8.7}, bestoffq1}) and (maxret10 > 0D 2ET) PV o3 | a2 [ soem o I soem | o=
7. (max{depthbid1, %ﬁ‘;‘;) maxret20 < 1.795) 0.272 -0.840 -0.454 49.99 -0.38 >0.5000 -4.95 >0.5000 0.3255
8. (122 besthid > depihbid1) and (depthbid > 0.8) 0.255 -0.840 0754 | 4999 | 038 | >05000 | 495 | >05000 | 03255
9. (bidcount2 < lagpr2) and (2.28 > depthoff) 0.149 -1.832 -1.786 49.99 | 058 | >0.5000 | -17.43 | >05000 | 0.4085
10. gm:"f\ “215 g?f) and (depthofi2 - lagpr2 - bestoff2 < bidcount2 - |quant — 0.143 -0.062 0055 | 5001 | 000 | 05000 | 0.00 | 05000 | 02685
11 Average 0.255 -0.840 0.754 | 4999 | -038 | -05000 | -4.95 | >05000 | 0.3255

Trading rules based on the all order book information. The fitness function is the cumulative return for 3 days trading
under proportional transaction costs, & = 0.0001. In-sample period: Monday and Tuesday, out-of-sample:
Wednesday — Friday. The average rule gives buy signal if more than 4 of best 9 rules give buy signal and sell
otherwise.
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On The Predictability of Tick by Tick Exchange Rates Mark Salmon
LCumulative Returns: Transaction Costs 6 = 0.0001
LAII Order Book Information

k = 0.0005

I In-sam. Ret, [ Outofs. | Outofs, [ .o | PT PT AG AG | White's
104 Ret, =10 ¢ | Ret,f =0 "7 | stat. p-value stat. p-value | p-value
((minpr5 < mmm‘&) or (0.4 > min{bestoffq, offcount2 1 liqoff1} + ligoff1) or
[ 1)) and (13 < depthoff) 1.522 1.044 0229 | 4889 | 047 | >05000 | 025 | >05000 | 04625
16 min e FEETOEy

2. (depihbid] < |depthoff + bulblqu 2.192]) or (depthbidi < 2.19) 1.375 -4.988 3719 | 4862 | 081 | >05000 | -164 | >05000 | 08285
3. (9.76 < offcount) or (bestoffg2 - bideount1 < 2.9 - price) 1.146 2,666 2054 | 4950 | 068 | 02483 | 208 | >05000 | 06415
4. (quant! > offcountl) or (offcount > 9) 1.033 0256 0839 | 4956 | 072 | 02358 | 075 | 02266 | 0.2905
5. (2 < bestofl2) and (bestoff2 = maxpr20) 1.002 -0.149 0565 | 5118 | 044 | 03300 | 062 | 02676 | 03465
a (dcpmmuw < max{7.48 + ligbid1, avgpr20}) or (9.74 — avgret5 > maxpr20 o) o o3 laol @ QT o0 = || oes
o l(i:bam)g max{ligbid1, minret10} - max{bestoffg2, 1.26}) and (bestoff2 = o v e |l el s am | aam Lors
8. (bestoffq - maxret5 - bestoff2 > 9.3) or (depthbid1 - maxret5 < min{9.3, ﬁ!%)) 0.897 -3.064 0.417 50.03 | -0.81 >0.5000 | -0.73 | >0.5000 | 0.6795
9. 9.4 ret < offeount 0.852 0.761 0263 | 4963 | 076 | 02236 | 029 | >05000 | 04115
10 depthof > 2.35 - max{bestbidg, 8.27) 0.827 -0.898 0292 | 4889 | 021 | >05000 | -025 | >05000 | 04395
1. Average 2342 0.152 0842 [ 4902 | -004 | >05000 | 069 | 02451 | 0.2995

Trading rules based on the all order book information. The fitness function is the cumulative return for 3 days trading
under proportional transaction costs, & = 0.0001. In-sample period: Monday and Tuesday, out-of-sample:
Wednesday — Friday. The average rule gives buy signal if more than 4 of best 9 rules give buy signal and sell
otherwise.
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On The Predictability of Tick by Tick Exchange Rates Mark Salmon
LCumulative Returns: Transaction Costs 6 = 0.0001
LAII Order Book Information

k = 0.001

o (ot [t oo 2 | e | 2 [ [0
1 L&ﬁ:f,‘f;i,if::g‘fL,L:'(‘,:LT:;"}“”"” & R eI zhl S 3130 ERI 1.391 5171 | 108 | 01401 | 059 | 02776 | 0.4155
2 f,(rb(“r;“"n‘zg E“;"“:ﬂ:i‘s;’”;“::‘fmjs) < quant) and (3.2 —quant1 < depthbid)) 2583 1634 0006 | 5021 | -025 | >05000 | 0.02 | 04820 | 0.4595
5 (price < avepr10) and (quant1 > min{bestoff, max{min {minpr10, avgpr10 + baro oot o s | oo | oaee | 210 | oorsa | ooees

depthoff — 4.47}, bestoffg2} })

((offcount > 7) and (quant > min{TUPLLSOUGE 1yrer10}) and (time +
Voo 5 r r 0. 0. >
4. offcount2 > 12.96))or(bestbidq > 8.45) 2320 1.001 -0.706 48.15 0.76 0.5000 0.38 -0.5000 0.4035

5. (timel — quant1 > %19%2) ang (quant2 > 1) and (bidcount + quant > ‘lﬁ ) 2241 -2.542 -0.647 4925 | -064 | >0.5000 | -029 | >0.5000 | 0.5605
6. (depthbid < depthoff1) or ((bestoffq > 5) and (bidcount2 > ret)) 2052 1613 0708 | 49.38 | -0.16 | >05000 | -031 | >05000 | 04575
7. (5 < bestoffg) or (quant > 3) 1.997 0.997 0191 5171 | 086 | 01949 | 013 | 04483 | 04035
8. (maxpr20 — max{minret5, time} > 0.34) and (minret5 < quant2) 1.155 2012 1078 | 5021 | -032 | >05000 | -065 | >05000 | 05025
9. (2.5 offcountl > bidcouni2) and (19 > offcount2) 1.601 2193 1567 | 5034 | 027 | 0393 | -062 | >05000 | 05255
10, bestoffq > 5 1.585 1.274 -0.660 | 49.93 | -0.83 | >05000 | -046 | >05000 | 05725
1. Average 4328 1.913 0058 | 49.11 | -0.71 | >05000 | -0.02 [ >05000 | 0.4935

Trading rules based on the all order book information. The fitness function is the cumulative return for 3 days trading
under proportional transaction costs, & = 0.0001. In-sample period: Monday and Tuesday, out-of-sample:
Wednesday — Friday. The average rule gives buy signal if more than 4 of best 9 rules give buy signal and sell
otherwise.
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On The Predictability of Tick by Tick Exchange Rates Mark Salmon
LCumulative Returns: Transaction Costs 6 = 0.0001
LAII Order Book Information

k = 0.005

In-sam., Ret,, | Outof-s, | Outofs, [ .o | PT P-T AG AG | White's
cates 9-10¢ | Ret, 6 =10 | Ret,6-0 | °“" | stat. | pvalue | stat. | pvalue | pvalue
(bestbidg2 < 5) and (max{(bestbidg1 — 6.7) - (lighid + 3.6)|, minpr5) >
" minlighidt3.2}) and (bestbidg1 > 1) and (bestoffy > min{quant2, 5.16}) 4137 L0z6 13% | soo0 | 022 | (UHf | oes | Gzm | (OGS
(minp20 > 3By and (depthbid < bestoffg
2 max{min{depthoff, depthbid } - max{bideount, 2.12}, bestofiq}) 3162 2570 2965 | 5845 | 136 | 00869 | 126 | 01038 | 008%5
3. (bestoffg > lagret2) and (8.6 = ligbid)or(bestbidq1 > lagret2 -1.99)) 3.060 1141 1520 | 5273 | 080 | 02119 | 068 | 02483 | 0.1615
4. (bestoffg — liqoff > 1.62) and (minpr10 = minpr5) 2841 1.961 2308 | 5727 | 174 | oo0409 | 096 | odess | 0.1315
((Min{8.63 bestoflq1) >  price) and (472 >  bestollgl)) or
5. (min{bestoria, vepi2G) > prce) 2835 3.982 4266 | 5900 | 216 | 00154 | 183 | 0033 | 0.0505
((bestbidg - bestofi2 — bestbidq — lagpr2) - 6.97 < bestoff1 - bestoffg - bestof2)
B 10 (st = b £ 3) 2546 0175 0924 | 5455 | 125 | 01056 | 039 | 03483 | 02675
7. (bestbidg < 3) and (price < lagpr2) 2.528 5.140 5519 | 6091 | 258 | 00049 | 229 | o0t10 | 02335
8. (235 + bestoffq2 < 4.05) or (avgret10 < avgret20) 2.284 3.367 3.539 5545 | 1.74 0.0409 2.19 0.0143 0.0585
9. (offcount] - bestoffq2 < deptholf) or (offcount! < time) 2.268 0.321 -0.101 | 4818 | -046 | >05000 | -007 | >05000 | 03175
10, avgret20 > min{ret, avgret10} 2196 5017 5367 | 4993 | 260 | 00047 | 252 | 00059 | 0.0315
11 Average 4362 5368 5672 | 60.00 | 235 | 00094 | 236 | 00091 | 0.0275

Trading rules based on the all order book information. The fitness function is the cumulative return for 3 days trading
under proportional transaction costs, & = 0.0001. In-sample period: Monday and Tuesday, out-of-sample:
Wednesday — Friday. The average rule gives buy signal if more than 4 of best 9 rules give buy signal and sell
otherwise.
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On The Predictability of Tick by Tick Exchange Rates Mark Salmon
LCumulative Returns: Transaction Costs 6 = 0.0001
LAII Order Book Information

k = 0.01

Toohnica rles TR | et -t | Aeteob | P97 | dut | pvae | st | prae | pualue
1. (6157 + minret10 < depthbid1) and (time1 > bestoff2) 1.703 -1.353 1514 | 4762 | 000 | 05000 [ -055 | >05000 | 05295
2. (offcount2 > 1) and (offeount2 < 11) 1.703 -1.309 1237 | 4286 | 099 | >05000 | -111 | >05000 | 05255
3. (ligoff < 4.415) and (depthoff < depthoff2) 1.703 1.664 1827 | 5000 | 0.0 05000 | 077 | 02206 | 02215
4. (7.6 > maxpr20 + SewnZ) ang (7 < offcount2) 1.703 0492 -0472 | 4762 | -186 | >05000 | -301 | >05000 | 04505
5. (offcount > 3) and (time1 > bestoff1) 1.703 -1.463 1331 | 4524 | -029 [ >05000 | -064 | >05000 | 05415
6. (offcountd < 9) and (1ime2 < minret10 - 9.3176) 1.703 2414 2316 | 4762 | 028 | >05000 | -596 | >05000 | 06465
7. avgprS - time < time1 1.651 -2.806 2670 | 3571 | -197 [ >05000 [ -120 | >05000 | 06835
8. (20.52 - time2 > maxret20 + bestbid ) and (depthbid > depthoff1) 1.651 -2.079 1968 | 38.10 | -161 | 05000 | -092 | 05000 | 06105
9. (quani2 < avgret10) or (time > 5.31) 1.002 1.684 1806 | 5000 | 032 | 03745 | 075 | 02266 | 0.2205
10.(lagpr2 < maxpr5) and (6 < depthbid1) 1.087 1249 1143 | 4286 | -088 | >05000 | -076 | >05000 | 05205
1. Average 1.703 -0.886 0774 [ 4762 | -0.13 | >05000 | -0.38 | >05000 | 0.4905

Trading rules based on the all order book information. The fitness function is the cumulative return for 3 days trading
under proportional transaction costs, & = 0.0001. In-sample period: Monday and Tuesday, out-of-sample:
Wednesday — Friday. The average rule gives buy signal if more than 4 of best 9 rules give buy signal and sell
otherwise.
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On The Predictability of Tick by Tick Exchange Rates Mark Salmon
LCumulative Returns: Transaction Costs 6 = 0.0001
LAII Order Book Information

GA based no-transaction region

. In-sample | Outof-s
WD 6=0.0001 | 9=0.0001

1a.  (max{6.166,2.3 - (ligbid1 - 14.564 + avgpr5)maxpri0, 18.41 — bideount} < 8.438)and(maxpr10 < lighid1 - minpr20 - 8 + avepr5)
e 1.988 1.203
2a. (77827 -TiqolT1 - bostoli2 - igbid > minpr20% max(4.712, ime} - max{avgpr10, me} Jand(2.64 > depthbid1)

- 10 1.009 0.000
. o < mines
3a.  false
3b.  0.99723 < minret5? 0.901 2.809
4a.  (avepr — max{liqofT1, minpr20} = ligbid — averet5)or(3.918 < ligbid2) ey —
b, (price - maxret10 > bestbid)or(price - maxret20 > bestbid - maxret10) -
Sa.  false 0721 0.123
5. (1.63289 < minpr20)or(max{min{depthbid1 , [time2 — maxpr10[}, 3.48} = depthoff — bestbidq1)

ot (S

& (=BT avgpr10 < 4.1)and (ZEE 1 avepri0 > depthbidl) oy 0840

. true
7a. 15 > depthbidt
7b.  minpr5 — maxret20 > 0.627 0.466 -0.368
8a. (max{bideount — ;358 < 5.1)and(max{bideount — GEEEL, depthof} > st sy 0453 0757
8b. (1.1 < offeount)or(ligbid > 1.766)

e Stoffq 1, bes and(de <2

9a.  (bestbid! > min{bestoffq1, bestbidq2} Jand(depthbid! < 2.7) iy o8t
9. tue
10a. (5.0 > depthbid2)or(bestbid1 > 34 + (lagpr! — time2) - 0.1 0402 1786
10b. (max{depthbid, depthoff — 6.5} > 2.7)or(bidcount! < maxret20) :

Trading rules based on the all order book information. Buy if a) rule is true, Sell if a) is false and b) is true, No Trade
if both a) and b) are false. The fitness function is the cumulative return for 3 days trading under proportional
transaction costs, & = 0.0001. In-sample period: Monday and Tuesday, out-of-sample: Wednesday — Friday.

WARWICK

BUSINESS SCHOOL




On The Predictability of Tick by Tick Exchange Rates Mark Salmon
LAverage Rules

LPure Price Information

Average Rules: Pure Price Info

Fitness
In-sample, Dir. Out-of-sample, Dir.Ch., Daily return, %, Daily return, %, P-T x AG . White's
3 ange., % % 0-0 0=10-4 statisic | PTPVAlUe | ginene | AGPvalue | e
0 55.10 54.11 2.150 -6.123 5.98 <0.0001 0.93 0.1762 0.0055
0.0005 58.50 51.95 6.559 3.062 1.28 0.1002 249 0.0064 0.1255
0.001 58.66 54.12 8.051 5.763 219 0.0143 3.42 0.0003 0.0295
0.005 76.00 67.92 8.340 7.885 3.97 <0.0001 3.54 0.0002 0.0125
0.01 83.33 64.10 2310 2208 227 0.0116 111 0.1335 0.1105
Fitness i ive returns, ion costs
In-sample, Daily Out-of-sample, Daily Daily return, %, o P-T x AG . White's
L3 ret., %, 0 = 0 ret., %, 0 — 104 Diichange.\ % statisic | PTPVAlUe | ginene | AGPvalue | o e
0 5.654 8.327 -10.267 51.00 1.44 0.0749 351 0.0002 0.0025
0.0005 3.460 6.676 1.833 51.75 1.31 0.0951 2.84 0.0023 0.0065
0.001 3.555 4.150 2190 5275 1.42 0.0778 1.88 0.0301 0.0165
0.005 1.813 8.690 8.198 69.81 4.48 <0.0001 3.71 0.0001 0.0015
0.01 1.645 1.447 1.359 51.28 0.20 0.4207 0.65 0.2578 0.0745
Fitness i ive returns, 6 = 0.0001
In-sample, Daily Out-of-sample, Daily Daily return, %, o P-T . A-G - White's
L3 ret,, %, 0 — 104 ret, %, 0 = 104 0=0 CETRHA statisic | PTPVAE | gagyc | AGPvalle | paiue
0 1.500 2.850 3.531 50.87 1.50 0.0668 1.89 0.0294 0.2695
0.0005 0.638 0.039 2.818 50.87 0.56 0.2877 1.23 0.1093 0.3055
0.001 2614 3.594 5.828 5261 1.34 0.0901 268 0.0037 0.1445
0.005 6.252 3.743 4111 60.38 219 0.0143 1.77 0.0384 0.0895
0.01 1.045 -1.495 -1.383 43.59 -0.80 >0.5000 -0.69 >0.5000 0.4965
Average of best 20 trading rules for different fitness functions based on the pure price information. In-sample period:

Monday and Tuesday, out-of-sample: Wednesday — Friday.
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On The Predictability of Tick by Tick Exchange Rates Mark Salmon
LAverage Rules
LAII Order Book Information

Average Rules: All Order Book Info

Fitness
In-sample, Dir. Out-of-sample, Dir.Ch., Daily return, %, Daily return, %, P-T x AG . White's
3 ange., % % 0-0 0=10-4 statisic | PTPVAlUe | ginene | AGPvalue | e
0 58.78 57.30 5.821 -3.202 10.72 <0.0001 2.40 0.0082 <0.001
0.0005 64.51 51.31 3.791 0918 1.88 0.0301 1.91 0.0281 0.0655
0.001 59.72 46.36 0.222 -2.161 -1.83 >0.5000 0.09 0.4641 0.6765
0.005 85.19 47.27 -0.968 -1.337 -0.38 >0.5000 -0.41 >0.5000 0.5885
0.01 100.00 47.62 -0.985 -1.024 -0.77 >0.5000 -2.27 >0.5000 0.5725
Fitness i ive returns, ion costs
In-sample, Daily Out-of-sample, Daily Daily return, %, o P-T " A-G . White's
L3 ret., %, 0 = 0 ret., %, 0 — 104 Diichange.\ % statisic | PTPVAlUe | ginene | AGPvalue | o e
0 9.165 11.830 -8.481 53.37 4.95 <0.0001 4.79 <0.0001 0.0035
0.0005 5.518 1.173 -2.606 49.76 -0.40 >0.5000 0.51 0.3050 0.0795
0.001 4.668 0.810 -1.586 48.42 -0.78 >0.5000 0.34 0.3669 0.1435
0.005 3.868 1.664 1.299 54.55 1.15 0.1251 0.70 0.2420 0.1415
0.01 1.744 -0.447 -0.586 50.00 -0.06 >0.5000 -0.19 >0.5000 04115
Fitness i ive returns, 6 = 0.0001
In-sample, Daily Out-of-sample, Daily Daily return, %, o P-T . A-G - White's
L3 ret,, %, 0 — 104 ret, %, 0 = 104 0=0 CETRHA statisic | PTPVAE | gagyc | AGPvalle | paiue
0 0.255 -0.840 -0.754 49.99 -0.38 >0.5000 -4.95 >0.5000 0.3255
0.0005 2.342 0.152 0.842 49.02 -0.04 >0.5000 0.69 0.2451 0.2995
0.001 4.328 -1.913 -0.058 49.11 -0.71 >0.5000 -0.02 >0.5000 0.4935
0.005 4.362 5.368 5.672 60.00 2.35 0.0094 2.36 0.0091 0.0275
0.01 1.703 -0.886 -0.774 47.62 -0.13 >0.5000 -0.38 >0.5000 0.4905
Average of best 20 trading rules for different fitness functions based on the all order book information. In-sample

period: Monday and Tuesday, out-of-sample: Wednesday — Friday.
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On The Predictability of Tick by Tick Exchange Rates Mark Salmon
LMa><imum Rules

LPure Price Information

Maximum Rules: Pure Price Info

Fitness
In-sample, Dir. Out-of-sample, Dir.Ch., Daily return, %, Daily return, %, P-T 1 A-G -G Dot White's
3 ange., % % 0-0 0=10-4 statisic | PTPVAlUe | ginene | AGPvalue | e
0 55.35 52.90 5.786 -9.154 421 <0.0001 2.47 0.0068 0.0175
0.0005 56.01 51.28 6.040 3.133 1.07 0.1423 257 0.0051 0.2345
0.001 60.07 55.49 9.390 7.317 3.17 0.0008 452 <0.0001 0.0065
0.005 84.00 60.38 4.085 3.711 221 0.0136 1.76 0.0392 0.0865
0.01 100.00 56.41 1.536 1.414 0.79 0.2148 0.67 0.2514 0.2575
Fitness i ive returns, ion costs
In-sample, Daily Out-of-sample, Daily Daily return, %, o P-T " A-G . White's
L3 ret., %, 0 = 0 ret., %, 0 — 104 Diichange.\ % statisic | PTPVAlUe | ginene | AGPvalue | o e
0 6.562 8.689 8.905 51.48 215 0.0158 367 0.0001 <0.001
0.0005 4.569 6.233 2.477 52.62 1.89 0.0294 2.74 0.0031 0.0065
0.001 3.781 6.049 4.484 51.92 0.98 0.1635 261 0.0045 0.0035
0.005 3.292 0.644 0.550 53.77 1.49 0.0681 0.53 0.2981 0.1555
0.01 1.707 -1.062 -1.095 48.72 -0.05 >0.5000 -1.31 >0.5000 0.3635
Fitness i ive returns, 6 = 0.0001
In-sample, Daily Out-of-sample, Daily Daily return, %, o P-T . A-G - White's
L3 ret,, %, 0 — 104 ret, %, 0 = 104 0=0 CETRHA statisic | PTPVAE | gagyc | AGPvalle | paiue
0 1.671 3.930 6.291 50.48 0.97 0.1660 3.54 0.0002 0.2425
0.0005 1.244 4.632 4.873 51.48 1.99 0.0233 2.63 0.0043 0.0095
0.001 4.319 3.676 5.012 53.30 2,05 0.0201 317 0.0008 0.1435
0.005 5.847 4.427 5.808 61.32 245 0.0071 2.69 0.0036 0.0745
0.01 1.667 -0.292 -0.239 48.72 -0.11 >0.5000 -0.20 >0.5000 0.3495
Average of best 20 trading rules for different fitness functions based on the pure price information. In-sample period:

Monday and Tuesday, out-of-sample: Wednesday — Friday.
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On The Predictability of Tick by Tick Exchange Rates Mark Salmon
LMa><imum Rules
LAII Order Book Information

Maximum Rules: All Order Book Info

Fitness
In-sample, Dir. Out-of-sample, Dir.Ch., Daily return, %, Daily return, %, P-T x AG . White's
3 ange., % % 0-0 0=10-4 statisic | PTPVAlUe | ginene | AGPvalue | e
0 58.61 57.30 6.378 -5.628 10.70 <0.0001 2.61 0.0045 <0.001
0.0005 60.24 52.86 1.103 -3.133 255 0.0054 0.47 0.3192 0.0055
0.001 63.25 45.82 -1.366 -2.964 -213 >0.5000 -0.63 0.4641 0.7505
0.005 85.19 47.27 0.430 0.156 -0.46 >0.5000 0.24 0.4052 0.5885
0.01 100.00 50.00 -0.915 -0.935 0.07 0.4721 -3.68 >0.5000 0.4315
Fitness i ive returns, ion costs
In-sample, Daily Out-of-sample, Daily Daily return, %, o P-T x AG . White's
L3 ret., %, 0 = 0 ret., %, 0 — 104 Diichange.\ % statisic | PTPVAlUe | ginene | AGPvalue | o e
0 8.404 12.256 -0.476 53.76 575 <0.0001 5.18 <0.0001 0.0035
0.0005 4.945 -1.098 -5.057 48.89 -1.08 >0.5000 -0.47 >0.5000 0.2825
0.001 4.843 2.008 0.476 50.62 0.67 0.2514 0.87 0.1922 0.0725
0.005 4.198 4.774 4.418 59.09 220 0.0139 1.99 0.0233 0.0345
0.01 1.744 -3.335 -3.406 42.86 -1.38 >0.5000 -7.98 >0.5000 0.6635
Fitness i ive returns, 6 = 0.0001
In-sample, Daily Out-of-sample, Daily Daily return, %, o P-T . A-G - White's
L3 ret,, %, 0 — 104 ret, %, 0 = 104 0=0 CETRHA statisic | PTPVAE | gagyc | AGPvalle | paiue
0 0.385 -0.919 -0.767 49.97 -0.53 >0.5000 -3.04 >0.5000 0.3265
0.0005 1.522 -1.044 -0.299 48.89 -0.17 >0.5000 -0.25 >0.5000 0.4625
0.001 3.130 1111 1.391 51.71 1.08 0.1401 0.59 0.2776 0.4155
0.005 4137 1.026 1.350 50.00 0.22 0.4129 0.65 0.2578 0.1895
0.01 1.703 -1.353 -1.514 47.62 0.00 0.5000 -0.55 >0.5000 0.5295
Average of best 20 trading rules for different fitness functions based on the all order book information. In-sample

period: Monday and Tuesday, out-of-sample: Wednesday — Friday.
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On The Predictability of Tick by Tick Exchange Rates Mark Salmon
L Robustness Check

Probabilities based on bootstrap method

Pure Price Information

k [ Pioczs0%y | apc [ Pr=0y [ Przra | Qe || Plre>0) [ Plre >y | Qrc

0 0.943 83.384 0.956 0.974 152.380 0.534 0.607 1.327
0.0005 0.744 4.508 0.939 0.946 36.118 0.571 0.620 1.871
0.001 0.799 7.689 0.915 0.931 43.846 0.798 0.811 9.265
0.005 0.831 14.035 0.893 0.911 26.625 0.869 0.870 15.960
0.01 0.813 6.461 0.753 0.789 6.087 0.731 0.760 5.655

All Order-Book Information

K H P{DC > 50%} ‘ Qpc H P{r>0} ‘ P{r > rgn} ‘ Qey H P{rrc > 0} ‘ P{rrc > rgn} ‘ Qrc

0 0.975 261.221 0.912 0.914 39.415 0.681 0.693 3.882
0.0005 0.825 9.203 0.872 0.881 17.734 0.640 0.683 2.620
0.001 0.787 84.811 0.870 0.873 14.355 0.677 0.723 4.086
0.005 0.815 6.837 0.834 0.850 12.539 0.775 0.768 5.823
0.01 0.759 3.553 0.731 0.765 4.535 0.674 0.715 3.231

Probabilities of non-loosing money and 2 statistics for bootstrapped data.
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On The Predictability of Tick by Tick Exchange Rates Mark Salmon
LStandard Rules

Performances of some standard rules

Trading rules ‘ Performance | k=0 ‘ k = 0.0005 ‘ K = 0.001 ‘ k = 0.005 ‘ k= 0.01

. DC 52.21 50.87 50.41 50.94 43.59

MA Oscillator R -0.088 -0.720 0.003 -0.032 0.067
Rt -3.472 -3.223 -1.512 -0.345 -0.087

Variable length MA DC 50.04 48.99 49.18 50.00 48.72
Oscill tg R 0.055 0.055 0.055 0.055 0.055
scillator Rt 0.048 0.048 0.048 0.048 0.048

. DC 49.67 50.27 50.00 46.23 41.03
Filter Rule R -2.908 -2.908 -2.908 -2.908 -2.908

Rt -2.953 -2.953 -2.953 -2.953 -2.953

DC 49.96 51.01 50.82 50.00 51.28

Breakout Rule R -0.055 -0.055 -0.055 -0.055 -0.055
Rte -0.062 -0.062 -0.062 -0.062 -0.062

. DC 51.56 52.89 51.79 50.00 48.72
Bollinger Band R 1.309 1.795 1.122 0.055 0.055
Rt 1.275 1.761 1.102 0.048 0.048

DC 48.58 50.00 49.45 46.23 43.59

Aroon Oscillator R -1.757 -1.327 -1.327 -1.298 -1.306
Rt -1.797 -1.353 -1.353 -1.324 -1.333
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