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A Computerized Futures Market Simulation System

Steven C. Griffin and Paul D. Hummer

Abstract

Classroom gaming can be used 1o reinforce
theoretical and analytical concepts and provide experi-
ence in performing managerial funcrions. A compui-
erized futures market game was developed 10 provide in-
creased capacity and capability for executing sophisti-
cated trading plans. A marketplace simulation model is
used to provide market uncertuinties and reduce data re-
quirements.

Introduction

The development and use of computerized class-
room games in resident undergraduate and adult exten-
sion instruction has become increasingly popular among
educational institutions. The Agricultural Economics
Department of Oklahoma State University. for one,
currently employs five computerized simulation games in
its teaching and extension programs. ' 234 %

In controlled experiments, Curtis® found that busi-
ness games can be an effective teaching toll for manage-
ment education. Classroom gaming can reinforce
theoretical and analytical functions. This article discuss-
es the structure and successful classroom use of a unique
futures market game.

The dramatic price fluctuations of the current and
recent past market in agricultural commodities has

caused increased interest among students in the
workings of the futures markets. Whether an individual
will manage a firm seeking to escape the risks of chang-
ing prices, or whether he is speculating, hoping to take
advantage of those price fluctuations, a study of the role
and characteristics of the futures market is important.
Simulated futures trading has long been a part of
futures market classwork. Computerized programs
relieving the student and teaching staff of some burden-
some clerical accounting involved in futures market
transactions have been developed for several years.” ® A
flexible system incorporating the relevant realities of
futures trading (i.e., execution uncertainty and price un-
certainty) and a variety of market-order types to involve
the student in sophisticated trading plans, however, has
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not been available. The data input, number of market
observations required, and high computer operational
expenses as the exercise continues make the use of many
futures market games cumbersome.

The OSU Computerized Futures Market Simulation
System (CFMSS) is a Fortran IV-based computer soft-
ware package designed as a classroom game and learning
tool for teaching and understanding of the operations,
functions, and characteristics of commodity futures
trading. The computerized system acts as a brokerage
house by maintaining customer transaction and financial
records, and by submitting user-supplied contract orders
into a pseudo-real world marketplace.

CFMSS stresses (1) the capacity for trading numer-
ous commodity groups and contract-months, (2) the
capability for handling sophisticated limit and spread or-
ders, (3) the inclusion of a pseudo-real world marketplace
for the continuous execution of market orders, and (4)
the minimization of game administration time and the
amount of card input required.

The primary objective of any computerized commo-
dity trading game is not to make the participants expert
commodity traders, but rather to provide a stimulus to
encourage the observation of market workings and the
digestion of facts and principles which influence the mar-
kets and their price levels. (The fulfillment of the primary
objective is a step toward gaining expertise in commodity
trading.) The OSU system is therefore designed to simu-
late actual speculator trading of commodity futures con-
tracts on the organized exchanges of the world. The
system departs from complete reality somewhat in the
simulation of the actual filling of market orders. How-
ever, CFMSS uses actual market opening, high, low, and
closing prices; and by simulating a continuum of intra-
day prices, the system provides for realistic “‘fill"" price
uncertainty with relative execution certainty, or *‘fill”’
price certainty with order execution uncertainty in the
use of the various types of market orders. The procedure
for simulating *‘fill”" prices which is not present in other
futures market games known to the authors is discussed
below.

' This article is taken from a more detailed explanation of the futures
market simulator given in (3).
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The Marketplace Simulation Model

The acid-test of any classroom game or learning tool
is its ability to keep interest alive and maintain continu-
ous learning exposure. Relevance to the real world is a
basic ingredient which in itself provides a desirable
learning catalyst.

It is therefore important that a system portraying
the futures market, its functions, and characteristics,
maintain close contact with the actual dynamics of the
marketplace. While ideally one would prefer minute-by-
minute market quotes and executions to replicate exactly
the real world, the time involved in the logistics and ad-
ministration of the system as well as the volume of data
required would be prohibitive for large scale instruc-
tional use.

The most widely published daily statistics of futures
market trading are the market’s opening, high, low, and
closing prices. These daily price quotes are used in
simulating the intra-day market environment by in-
corporating the use of several random number
generators and probability distributions. The ‘market”
price determination technique may be best shown
graphically as in Figure 1. It is thus implicitly assumed
that intra-day prices exhibit a random-walk pattern be-
tween the day's high and low prices.

The procedure begins by calculating the slope of a
straight line between the market opening and the market
closing prices (the base of the line spans one day of time).
A random number generator selects, from a uniform
distribution, a number (X) between zero and one. This
number, when applied to the horizontal axis, locates a
value (A) on the line connecting the opening and closing
prices. A second random number generator then selects a
second number (T) from a standard normal distribution.
This number is multiplied by the sample standard devia-
tion (S) (calculated as the difference between the market
high and low, divided by a given divisor; if no divisor is
given by the operator in the input, the parameter default
= 4) and the product is added to the value (A) to obtain
the simulated market price (P).*® Thus the price (P) is
selected from a normal distribution with mean (A) and
variance (S?), i.e., N (A,S?). The mathematical equation
is:

P = (X* (CLOSE-OPEN)) + (T* (HIGH-LOW) +
DIVISOR) + OPEN

Several decision rules alter the calculated market
price in certain circumstances. For instance, the
simulated market price cannot be higher than the
market high or lower than the market low. In these cases
the market high or low, respectively, becomes the market
price. In cases in which the market high is equal to the
market close and also equal to the simulated market
price, the market order remains unfilled 75 percent of
the time (according to the properties of an independent
tandom number generator). This rule is imposed to
reflect logically the possibilities of a locked up-the-limit
market. Similarly, in cases where the market low is equal
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Figure 1 Graphical Representation of Market Simulation Model

{Case in which market closes higher than open and both open
and close are within the trading range.}

to the close and also equal to the simulated market price,
the market order remains unfilled 75 percent of the time,
reflecting a no-trading down-the-limit-market. Of
course, one can always buy in a market locked down-the-
limit. as well as sell in one locked up-the-limit.

In processing of market orders, an *““At-The-Mar-
ket order will fill at the average of N+1 (N is normally
given by the operator; the model has a default parameter
of N=3) draws from the market price model, except in
the above mentioned special cases. Thus, if any sizeable
trading range exists. it is almost certain that an ATM or-
der will be executed since the average of four prices
drawn from the trading range will not likely equal the
range’s high or low. Thus. an ATM order exhibits the
characteristic of near market execution certainty at the
cost of near price uncertainty. The converse is true for
the limit-type order. A limit price order will fill at the
limit price if the calculated market price equals or is
more favorable'® to the market order on any one of N+1
successive tries. If the limit price specified by the cus-
tomer is less favorable than the least favorable market
statistic (i.c., the daily market high in the case of a BUY
order. or the daily low in the case of a SELL order), then
the order is filled at the market statistic. The parameter
default number for the allowable number of tries to fill a
limit order is four per market order (N41 = 3+10)."

Spreads are filled in much the same way as limit or-
ders. A scries of five calculated prices (or ‘‘draws”™) is
generated for the first leg of the spread. A limit-price or-
der is then constructed using the first leg’s generated
market price (one of the five draws) plus the desired
spread basis as the limit price. The limit order is then in-
serted into the general marketplace simulation model
with the market information of the second leg's order
used as the basic parameters. If this order is filled (the
fill price of the second leg must be within its respective
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0XL AKMOMA STATE COMPUTERIZED FUTURES M ARPKET SIMULATION SYSTEMR

CUSTUMED NAME eese MR, J, P, CUSTOMER ACCT. NUMBEP 1 DATE: 03/26/75

LASKEY YBANSACIION BEELBI

POWw  ICENT, OPENING ACTIOK NUMBER OF COMMOOITY HONTH OPENTNG CLOS ING CLOS ING PROFIT/LOSS
NC. FIELD DAYE CONTRACTS NAME PRICE DATE PRICE (HINUS COMMISSIONS)

1 AAAa 1715775 BUY le WHEAT {SRW) JULY $  3.95750 1715775 8 3.96875 s 26425

2 B8a8 1715715 suy 1. WHEAT (SRW) JULY §  3,95125 1715775 8 3.96875 57.50

S  HHnM L/715715 suy 2. WHEAT (HRW} MAY $ 4,17750 1727775 3 3.85875 8 -3247.50

TQTAL PROFIY/L 0SS CLOSED TRANSACYIONS = 8 -3163.75
CJPRENT CLOSING PRIFIT/ZLOSS
SETTLEMENT PRICE

3 0nDD 17157475 SELL 3. WHEAT (SRw} MAY 3 4.19500 $ 3.73500 8900.00

4 EEEE 17157715 SELL l. LIVE CATTLE DEC 3 40.15030 $ 36.2252) s 1570.00

6 GG3G 1/157715 SELL 2 WHEAT (HRW) MAR 3 4,19825 $ 3.73000. 3 4582.50

7T It 172717715 SELL le LIVE CATTLE DEC 3 37.15020 $ 36.,22500 3 370.00

8 ss3% 2/ 5775 SELL le SUYBEANS HAR 5 T.10000 $ 5.45000 3 8200,00

TOTAL PROFIT/LOSS OPEN TRANSACTIONS ¢ 3 21702.50
CBIN EDSLILIICN EBDEILE EEPCPI
JAN FEB M AR APO SAY JUNE JuLy AUG SEPT [+ A NOV DEC NET
WHEAT (Suw) 2. 0, J. 0. -3, C. J. 0. 0. 0. 0. 0. 1t -3,
LIVE CATTLE 0. Qe O. 0. Ce Qe Q. 0. Qe O Oe 2 H ~2.
WHEAT {#%w) C. 0. -2, 0. 0. 0. 0. 0. 0. 0. 0. 0, ¢ -2.
SCYVEANS 0, 0. -1. . O Ce Qe Ce Qe O 0. Oe 0. ~1l.
EIDANCIBL SUNP2RY

TOTAL FGOFIT/LDSS CLOSED YRADES $ - -3163.75
TAaTar PCOFIT/LASS OPEN TRADES 3 21792.50
BERINNING CASH AND SCCUPIT1ES ] 21375, %0
TCTaL CAS» FCUITY b 39914.25
CURSENT MARGIN YEQUIPEMENTS $ =11800.00
TOT AL SURPLUS/DEFRICIT 3 28114.25

.-

Figure 2 Market Transactions, Open Positions, and Financial Summary For An Individual Trader

trading range) the spread is considered filled at the
simulated prices. If the simulated spread basis is equal to
or more favorable than the basis requested, the spread is
filled at the requested basis (this is similar to the logic of
the limit order). If the simulated spread basis for each of
the five generated series is less than the desired basis, the
order remains unfilled, i.e., the model perfurms the price
and spread generation procedure a maximum of five
times in an attempt to fill the order.

Other types of market orders are available to the
user of the system. These include stop-loss, stop-loss-
close-only, and others. Corrective routines are also avail-
able to “make good™ any input errors that might have
occurred or provide additional market sophistication.

The simulated marketplace model obviously does
not necessarily follow the minute-by-minute ticks or
trading volumes of the actual market or assume any pat-
tern (other than that generated by a normally distributed
random error) in the manner in which the actual market
registers its high. low, opening, and closing price statis-
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tics. The model is, therefore, not extremely conducive to
day trading or scalping exercises, unless of course, the
trading day is partitioned into several relevant *‘mini-
days', each having its own price statistics and market
orders. The model, does, however, provide for realistic
fill price uncertainty or execution uncertainty in the use
of the various types of market orders over a period of
days or weeks. Thus, the model satisfies the objectives
in mind with a minimum of theoretical detraction, loss
ot realism, and operational cost.?

In addition to the normal monitoring of the data
processing and diagnostic messages, CFMSS provides

three levels of output. The first, shown in figure 2, pro-
vides a complete market transaction report of past and

current futures market holdings, an open position profile
report, and a financial summary for each student or team
of students involved in the exercise. The second type of
output provides a detailed breakdown by commodity on
the activities of the class (figure 3). The third output sum-
marizes the financial status of each account into one
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COMMODITY INFOOMATION REPURT AND SUMMARY

DATE: 03726/715

L e D L Lk L L L LY iy sy

COmMMCDITY MARKET NUMHER MINIMUM MACGIN COMMISSION MKT TOTAL TOTAL OPEN TOTAL CLOSED TOTAL OPEN
NAME SYMBNL OF UNITS FLUCTATION ROUNDS CPEN LONGS PROFIT PROFIT
WHEAT (SeW) W 5000a.8U. 0.00125 2500.00 s 30.00 [ 124. 69. S. $ ~=34957.50 1 11350.00
SOYBEANS SB 5000.8U. 0400125 25C0,C0 3 30.00 [4 53. 70. 12. $ =27783.75 $ =-98258.T5
CORN C 5000.8U. 0.00125 1500.00 ¢ 30.00 30. 7. Se $ 11462.50 $ 831.2%
LIVE CATTLE LC 400.CWYT. 0.,02500 1200.,00 $ 40,00 c 119. T2. T. 1 -7476400 $ =74340.00
LIVE KOOGS LH  300.CAT., 0402500 1200.00 3 35.00 c 27. 32. 32. s 1920.00 s 38355.00
FEECEP CATTLE FC 420.CWT, 0,02500 900.00 3 40.00 [ 2. 0. O $ 1264.00 s 0.0
SUGAR SU 1120.CWT. C.01000 3000.00 $ 62.00 NY 2. 2. 0. $ =5477.60 $ 0.0
COTTON NY 500.CWT. 0.01000 6500.C0 $ 46.00 NY [+ 2. 2. s 0.0 $ 0.0
PORX BELLIES PB 360.CkT. 0.02500 1500,00 $ 45.00 4 13. Se Se $ 10827.00 L 2835.00
SILVER S1 50.C02 0.10000 2500.00 $ 30.00 c 34, 11l. 6. s ~6435.00 $ 5105.00
WHEAT (HOw) W 5000.8U. 0.00125 2500,00 $ 30.00 xC 18. 13. 0. 3 1791.25 3 ~3087.50

SHELL EGGS SE 225.C01 0.05000 1200.00 $ 40.00 C Q. 5. 0. s 0.0
TOTALS 422, 288. T4 $ =54865.10
WHEAT (SRW) PRICES (MOST CURRENT SETTLEMENT) FEECEP CATTLF PRICES (MOST CUPRENT SETTLEMENT)
MAY $  3.64000
MAR $ 13.58000 SUGA¥F PRICES (MOST CURRENT SETTLEMENT)
JULY $ 3.58000
COTTON PRICES (MOST CUPRENT SETTLENMENT)
SOYBEANS PRICES (MOST CURPENT SETTLEMENT)
mA2 $ 5.58000 PORK BELLTES PRICES (MOST CURRENT SETTLEMENT)
raAY $ 5,22000 JULY $ 64445000
JULY S 5.87020 Mmpo 3 63.35000
AUG $ 5.060060 vay $ 69.52500
CCRN PRICES (MOST CURRENT SETTLEMENT) SILvE® PRICES (MOST CURPENT SETYYLCEMENT)
JULY $ 2.90000 JUNE $423.600C0
MAY $ 2.91000
nar $ 2.86000 WHEAT (HRW) PRICES (MOST CURRENT SETTULEMENT)
JUuLy $  3.63000
LIVE CATTLE PRICES (MOST CURRENT SETTLEMENT) MAR $ 3.55000
JUNE 3 41.400C0
OEC $ 39.52509 SHELL EGGS PRICES (HOST CURRENT SEYTLEMENT)
AUG 3 4C.07500 MAY $ 42.05000
ccr 3 39.37500
APR $ 41.025C6
LIVE KCGS PRICES {MOST CURRENT SETTLENENT)
JUNE $ 43.90000
auG $ 4£5,27500
JuLy $ 46.27500
APR - 8 42,57500

Figure 3 Total Commodities Traded Report

table (figure 4). All three print-outs are optional in any
given execution of the system.

Summary and Conclusions

The CFMSS has been well received by Oklahoma
State agricultural economics students in its use as a con-
tinuing class exercise for learning about and following
the commodity futures market.’® The system's inherent
capacity for handling numerous commodities and con-
tract-months has encouraged students to pursue their
varied commodity interests. And CFMSS provides stu-
dents more realistic futures market trading experiences
with respect to order execution uncertainty and *fill”
price uncertainty than was possible with any other
futures trading game known to the authors. Sophisti-
cated limit and spread orders are also available to the
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users of the system. The game has been constructed to
minimize card input and administrative time. thus en-
couraging its continued use.

A disadvantage of CFMSS is the incapability of
simulating the exact pattern of daily price movements
within the market simulator when day trading is the ob-
jective. However, this pattern can be approximated by
dividing the day into as many “‘mini-days” as desired and
inputting actual market prices more frequently, as has to
be done with any other futures trading game. One still
has the advantage over other games of simulating uncer-
tainty in order and price fills.

No controlled research technique has been em-
ployed to test learning improvement among students
using CFMSS. However, instructors have expressed satis-
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ORLAHDMA STATE COMPUTERIZED FUTURES MARKET SINULATION SYSTEM
CUSTCHMEP SUMMAPY REPORT DATE: 03/26/15
ACCT  CUSTGMER NAME BEGINNING PROFIT/LOSS PRIFIT/LOSS ACCOUNT MARGIN SURPLUS/DEFICET
NU» BALANCE CLOSED TRADES OPEN TRADES BALANCE  REQUIREMENT
L ADLER Ca L. $10000.00 S  1477.50 $ -1015.00 $ 10462.50 § 16200400 s =5737,50
i BLACKWFLL T. A, $ 10000.00 § =-1537.50 $ =-2250.00 $ 6212.50 S 30000.00 $ -237B7.50
3 BRUWN P. A. $ 10090409 5 -19577.50 $ 37125.00 8 27547.50 $ 36000.C0 $  ~8452.50
4 CHEATAM Co La $ 10000.99 8 =3186.25 s 0.0 $ 68B13,75 s 0.0 $  6813.75
5 COMPTON A. 6. s 10890.00 s 0.0 3 -2010.00 $ 7990.00 $  3600.00 S 4390.00
6 DAMRON J. De $ 10000.00 $ 536.00 s 0.0 $ 10536.00 $ 0.0 8 10536.00
T FREEMAN M.H, $ 10000,00 380.00 $  -4600.00 8 5780.00 $  2400.00 s 3380.00
8 GAY Du L. $ 10000.90 § =10CT.50 $ -3175.C0 % 5817.50 £  5002.00 s 817.50
9 JACCUES A, $.10000.00 §  3668.75 $  -662.50 5 13006.25 $  1500.00 S, 11506425
10 JAMES J. W. $ 10000.00 5 =-5477.60 $ -7377.50 3 -2855.09 $ 21100.00 s -23955.09
11 JAMES L. E. $ 10000.00 8 2.0 s 1230.00 $ 11230.00 $  2403.00 $  8830.00
12 JENNINGS R. J. $ 10000.00 § =2752.50 S 4250.00 8 11497.50 $ 30000.00 $ ~18502.50
13 JUNES T. K. $ 1C700.00 3 11368.75 s 0.0 5 21368.75 s 0.0 s 21358.75
14 LETRAD D. W. $ 1000C.00 s 0.0 s 0.0 $ 10000.00 $ 0.0 $  10000.00
15 MANGELS Go Le $ 10000.00 S5 2262.50 $  3900.00 8 16162.50 $§  2400.00 s 13762.50
16 V¥ANNERING B+ E. $ 1C009.00 $  4727.50 s 0.0 $ 14727.50 s 0.0 $  14727.50
17 OWERS R. Mo $ 10000.00 $ =7122.25 $ =16216.25 $ -13338,50 $ 33600.00 $ ~46938.50
18 PARRISH J. D $ 10000.00 5 0.0 S 5575.00 3 15575.00 $§  7400.00 s 8175.00
19 REGIER D. %. $ 1000C.00 $ 640.00 s ~3250.CC 3 7390.00 S§  7203.09 s 190.00
20 SCHAFFLE® 2. P. $ 100006.00 $ ~-237,50 $ 10087.50 $ 19850.00 $ 30000.00 $ ~10150.00
21 SIMPSON 5. S, $ 10000.00 3 ~=34525.00 $ -86343.75 $-111468.75 $ 188500.00 $-299968.75
22 SMITH We Lo $ 1000C.00 §  2644.00 $ ~46770.00 $ =34126.00 $ 44403,00 $ -78525.94
23 WAUGH D. E. $ 10000.00 5  1392.00 $ -17292.50 8 -5902.50 $§ 46003.00 $ -51902.50
24 WILLENBERG H. D 5 10000.00 §  9086.25 s 0.0 5 19086.25 8  6500.00 s 12586.25
25 COLLINS G. S. $ 10000.90 §  4447.00 S 10991.25 3 25438425 § 26000.00 $  -561.75
26 MINNICK N Le $ 10007.00 §  3830.25 s 0.0 S 13830.25 S - 6500.00 s 7330.25
27 BONNETT M, s 16000.00 5 -25900.00 S  3856.25 $ -12043.75 $ 25000.00 $ -370643.75
28 FRAKZMANN JoR. $ 10000.00 3 0.0 3 -2110,00 5 7890.00 §  1200.00 $  6690.00
Figure 4 Financial Position Summary of All Traders American Journal of Agric. Econ. Vol. 50:4, November 1968, pp.
. . 1025-1033.
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course (AGEC 4313) and a futures market course (AGEC 4333) at
Oklahoma State University for the past two years. Course evalua-
tions by students, and examination results have supported the use
of the simulator as a useful learning tool.
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