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We mainly use parabolic differential equation in financial engineering,
because the price movement in the market is described as diffusion
phenomenon generally. However it could be recognized that diffusion is not
only factor for it, so that the other methodology to apply description of the
price movement is expected. In this paper, we suggest new field in financial
engineering, which is CMD (Computational Market Dynamics). CMD is
close to CFD (Computational Fluid Dynamics) in term of analyzing
methodology and simulation theory. CMD will be able to show market
dynamism by high accuracy, faster and generalized simulation from CFD
concept.

Key Words : CMD, CFD, Advection-Diffusion equation, Financial
engineering
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Three Bodies Trading Model in Financial Markets and Its Numerical
Simulation Methodology with Genetic Algorithms

(Analyzing market fluctuation as non-liner, un-steady and non-equilibrium phenomenon)

Hiwon YOON!
Hideo SAITO?
Takahiko TANAHASHI®

Abstract
We present three bodies trading model in markets for a numerical simulation of
financial markets. It has three different type agents who correspond to daytraders,
dealers, and investors. The market dynamics can be explained as the result from
market participants acting. The model treats all trades without averaging operation, and
then calculates interactions among three agents with generic algorithms[1] .

1. Introduction.

The model introduces three bodies, daytraders, dealers and investors, which can accurately
represent financial trading behavior by taking account into micro trading. Three different orientations
generate non-liner and non-equilibrium movement, which properly describe market dynamics
phenomenon. This study consists of two independent unique ideas; 1) three bodies modeling for
financial market mechanism and 2) genetic algorithms approach for applying the model. The
suggested analytic methodology makes their two concepts combine into one analyzing scheme for
financial markets dynamics. The proposed new scheme can forecast market movement for next
certain time period with probability function.

2. Proposed Model.
The concept of three bodies trading model in financial markets, should be natural approach to
analyze market dynamics, particularly intra-day movement. Based on two

1 CMD Research Ltd., #6, 5-2-7 Toranomon, Minato-ku, Tokyo, 105-0001, Japan

2 Keio University, Dept. of Information and Computer Science, 3-14-1, Hiyoshi Kohoku-ku, Yokohama,
Kanagawa, 223-8522, Japan

¥ Keio University, Dept. of Mechanical Engineering, 3-14-1, Hiyoshi Kohoku-ku, Yokohama, Kanagawa,
223-8522, Japan

agents model in financial markets or multi agents model with homogeneous character as past studies,

markets are going to equilibrium point or range where they agree to optimize their utility function. So

26



these kinds of models tend to converge, that stochastic parameter or external factor due to information
flow are often needed. Traditional financial engineering has introduced new parameter as stochastic
volatility and micro market structure model as information imbalance condition. However market
often fluctuates under homogeneous information environment, and it is not confident that stochastic
volatility is eigen value of the asset. On the other hand, we suggest simple market structure model,
which has only three type agents, have different expected return periods, but they would maximize
risk return performance at their best. In fact, there are daytraders who repeat to trade, buy and sell,
within intra-day trading period, investors who simply buy or sell in certain trading period, and dealers
who repeat to trade and sometime carry position in several days. (Additionally arbitragers definitely
exist in markets, but they seem parts of market system or market function.) The difference of utility
function depends only on expected return period, making interaction among three agents, with the
result that markets show non-liner, un-steady, and non-equilibrium phenomenon.

As applying three bodies concept into micro trading mechanism, we assign property for each trade
by nine types; each three agents face three type counter parties, so totally nine pairs. The composition
from nine type elements expresses market movement. The pairs correspond to chromosome, and the
composition sets do gene, respectively.

3. Advantages and Performance of the Model.

The proposed model has several advantage points, comparing to traditional approach. The first
point is that three types of market participants, daytraders, dealers, and investors, physically exist in
markets, and our definition for their conditions is not too far from actual market circumstance. It
means existence of three type agents is not assumption, but it is real. Secondly each trading volume
conditions to assign property of each trade, so that the model can consider price movement and
trading volume simultaneously. Trading is defined to make price and volume at the same action, and
the model does treat them at the same processing naturally. And also modeling process is based on
microscopic sense that dose not have averaging operation to decide the most possible phenomenon.
The third advantage point relates to capability of explanation. The model can express market
movement more delicately rather than one or two bodies model, because of factor dimension under
the same volume condition. Additionally the model reserves number of types, but it does not number
of agents. Then the same methodology applies more complex market dynamics. Conversely the
complexity of market might be measured by number of agents.

In terms of performance, comparing traditional analytic approach like one body model, three bodies
model performs about 20% higher based on approximated accuracy ratio averagely. Moreover even
total number of agents can be limited below 10, the complexity of market dynamics seems to be
unchanged.

4. Numerical Simulation Methodology and Capability of Forecasting.
For demonstrating the capability of the proposed model, the model is applied to numerical
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simulation in the actual financial markets, and then it can indicate market forecasting with genetic
algorithms methodology. Since market dynamics is generally non-liner, un-steady, and non-
equilibrium, it is impossible to estimate three agents behavior that determines the market behavior, by
using traditional analytic method. In other words, it is not realistic approach for financial markets,
which consist of various senses, to analyze one solution or functional solution. Genetic algorithms in
optimization theory are one of the strongest tools that are capable to handle these kinds of issues. It
may not assert exactly correct answer, however it can lead high possibility solution by synthesizing.
This situation is suitable to market analysis due to its uncertainty. Obviously the genetic algorithms
give us concrete approach to apply three bodies model in financial markets.

In practice, we apply this scheme for the stock market by three steps. First, we presume who mainly
take part in each tick movement during certain period such as the first 1-hour. The condition is that
simulated trading volume could be match with actual trading volume figures. As the same computing
process, 100 times combination sets are randomly produced to make the first generation. Secondly,
we estimate simulation data and operate genetic process. The differences between actual market data
and simulation data are ordered by weighted average of each spreads, and then 100 combinations are
selected. 100 sets generate new 100 sets by crossover operation. After another 99 selection processes
are performed, one data set is extracted. Thirdly, selected data series indicates us that current position
balance among three agents and position creating paths of three agents. Utilizing the information from
its result, we can make market forecast for next certain period such as next 1-hour, with probability

function, which also indicates market tendency.

5. Results and Discussions.

Three bodies trading model itself show complexity of price movement. It is definitely closer to
actual market dynamics, comparing with one or two bodies model. Applying the model to the actual
stock market with genetic algorithms approach, we recognize the capability of forecasting during next
several minutes and for particular time period like closing. In this study, simple genetic algorithms are
adopted to verify the model into actual markets. Diversity on the verification indicates to down trend,
so that we admit that genetic algorithms performs sufficiently. Since we approach market dynamics
by new ideas, the basic method and simple process are selected to examine market. In next study, we
should discuss advanced method like elite genetic algorithms and examine parameters of each agent
functions. Moreover the combination of each agent trading histories could be object to examine in
order to accuracy of forecasting.

6. Conclusion.

We propose three bodies trading model in financial markets. It is constructed from microscopic
view, and traced with market conditions. The new approach performs sufficiently, and it has
capability of forecasting during near future. This study is the first empirical approach to treat all
trading data set without averaging operation. And it is also the first methodology to consider price
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movement and trading volume simultaneously. Finally it could be reconfirmed that computational
simulation methodology is promising to study market dynamics.

7. Reference.
[1] L.Darrell Whitley, Foundation of Genetic Algorithmsd (Morgan Kaufmann Publishers, Inc.,

1993)
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WRITE(MOT, 300) 10,F{15)

EATEN

WRITE{POUT,«} © @

WRETE{=OUT, =} "1 HRONTH'

WRITEA{MOUT, =) FTIEEs " TIHE

WRITE{HOUT ,=} ' [PRARHETER] "

WRITE{WSUT 400} DT.A,THUI1,SIGL THOE, 3162, P2
WRITE{WOUT , =00f U1, 152, ANTOL D, ANTUZ2 ANTULZ

HITUT = HIFUT + HELK

WRITE(E, =} ¢

MRITE(E, s} i -~ &Y DOEE! ———— e e s snme e
I

iF (M._Ej. BOSTH2) THEN
WRITE(ROUT ,»] SO NE
O Io=t M
WRITE{HOUT , 5000 ID, FCIDY
ERCDD
WRITE(MOUT =} * =
WRITE(FOUT =} '3 HONTH®
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400 FORMATCF DT«" E15.8." B=" ,F6.3,"'
L

E m I%7 FE.0," 4 1='.FB.3," Pl2=f FA.3)

WRITE(HOUT &) *TCHE='_TIHE
WRITE(HOUT &} * [PARAMETER] *
NRITH{ROUT 400) BT R, THL SIGE TP 8162 P12
WRIEE(HOUT 5000 0, 02 ANTULE  ANYRED  ANTIa
ROUT=HIAMT+EELE
NRITE(g,#)" !

MRITE(A, #) *=——— 1TX EOWE?

ESDIF

IF (H_Ey.Aoemma) TeEs
WHITE[HOUT =} D _NE
00 JE=1i,HD
WREITE{WIT, 3003 I0,F(TO)

ENTIG

WAITE(WOUT,*} * *

NRLITE(AOUT, =} '3  HONTES

WRLITECMOUT, =} +TIFE=+ TIHE

WILITECROUT, =} * [PARAHETER]

NILITECROUT, 400) ©OT, A, 7901, BIGE, T2, 8182, F1Z
NHITECROUT, 5007 T, 02, ANTULL , ANTIER ANYDI1

T =E0UT +MELE
WRITELE, #]" *

smmrrrwrrerd

FRITELE, o} ' c=msaneame Y NFEP —=r———————————— e m e |

. =11

IF (N, FG. HONTRES} THIN
WLLTE(RUUT, &} WD, SE

Ex Ih=x WD
NRITELHAIT. 3041 T8, FITR}

FATOO

VLITELBOUT =) * *

WRITE(EGIFE , «) ‘4 HOHTH®

YRITE(SIT  #+] "TINE=" . TIFE

WEITE{SOUT, =) * [PARANETER] *

WE[TE(FOUT , 400} OT,R, THOE, 8181, THUZ SLG2 P12
VEETE{EDUT , So0d U100, ANETL L, ASYT22 ARTILZ
HOUT =MOUTF HELE

URITE{E &)+ @

WRITEE, ) Foree e B, [HBE} = mmmmm m e et

ENDIF

F ¥, EQ.MONTHE) TWEN
'I:I.I'I.'ﬂ‘l:l:l'l.",i] D, HE
0 ID=1 NI
VR TE{MOUT , 300k 10, F{ 180
ENTOO
WRITE[HOAMT +} * *
WRITELWORUT, =] "% HWOETH'
NRITE(HOUT »} *TINE="_TIRE
WAITE[HDUT +#} * [FARAMETER] *
WRITELHDUT 400} 0T, R, THU1 . SEGY, THIS, STG3, P12
WRTTE(HOUT 5003 7, UZ, ARYULD, ANYFI2 AR
HIUT=HIAT «MLE
NIITE(E, )" ¢

WRITELH , %) e m = e TE, TR} e e J

ESTIF

1F (N.EQ.nONTELZ) THEN
WRITE(HOUT .=} ¥D.FE
D ITeL, WD
WRITE{HIRT, 300) LD, FILDY

WRITE(EOUT, ) ' °
WAITE(HOUT,#} ' 1F HONTH'
WALTE(SOUT,#} 'TIME=',TIHE
WAITE(MOUT, #) ' [PARAMETER]'
WRITECHIUT, 400} DT R, THEH , RTE1, THUT, 51632, FLT
WRITE(SOUT, BoG U100, ANTINLY , AATURS, ANTU1Z
T =HOUT+ HELE
EHDIF

TF {N.LT.MONTRIZ} THEN
00 T 300
ENDTF

300 FORMATCIA,EXS. 100

B FORMATL® Ul=" _FG.3," UZ=" F6.3,7 » 10=° P@. B,
[3 Fop 22t FAY Y g L2=? FA.X)

MRITE(H,s} * *

PR TN - - L T B

Ty T I P T L
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HEE B ¢3 - F

L S - B T ]
WRITEI G, ) 'rw CALE LNy LS SUEED or LLE
KRETE{G, = 'swmbwedhddbadd bl e bAd bbb b AR LY L R RS T !
STOF
T
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