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ABSTRACT

A computer program to simulate commodity trading has
been developed. The model has been used to evaluate the
performance of a few trading rules. It provides a
computerized commodity trading environment through
which one can execute buy-sell signals generated by social
decision criterion. A random price generator has been
included to add a realistic dimension. Complete accountin
and statistical analysis is also performed within the CTSSg.
This paper describes the system arid its possible uses in the
classroom and research. It'is available to others interested in
developing it further.

INTRODUCTION

Commodity speculation requires players who are best suited
to win the frequently irrational roulette of the commodit

market. It is the investor’s desire to minimize the ris

associated with the investment and maximize the return.
Decision rules, such as technical analysis and charting, as
well as sophisticated techniques such as portfolio theory,
have been developed to provide a guideline for entering or
exiting a particular market so that the return on capital
invested can be maximized and the risk minimized.

The use of decision rules originated in the stock market, but
has extended to the commodity market. A number of
commodity trading decision rules using technical analysis
an((l1 fundamental analysis have been proposed by commodity
traders.

Technical analysis, or charting as it is commonly called, is a
study of the price action of a market itself. The technical
analyst studies price movements, plus other important
indicators such as volume and open interest, on the basis that
the supply and demand of futures contracts govern the price
level of futures. By using charts, the technical analyst
attempts to anticipate the future direction of prices by
analyzing the trends of the past and present. Fundamental
analysis, on the other han£ is an approach to studyin,

market behavior that emphasizes the underlying factors o

supply and demand in commodities. This school of thought
believes that such analysis will enable one to profit by being
able to anticipate price trends. Kroll and Shishio (197}%) note
that most speculators tend to rely on both technical analysis
and fundamental analysis for making trading decisions.

Many rules have been proposed by commodity traders for
specific trading decisions in the commodities market.

owever, the authors of these rules seldom report on the
performance of their rules. This paper reports the
development of an exploratory system for simulating the
performance of various commodity trading rules. The
prg{gram is called Commodity Trading Simulation System
(CTSS).

THE MODEL

CTSS is a powerful program-package (in PL/I) to aid in the
testing of different decision criteria (rules) for trading on the
commodities market. The major objective is to provide the
researcher with a computerized commodity trading

environment, that simulates the actual trading in which he
can execute the buy-sell signals generated by his rules. The
system is set up for an investor who wants to buy and hold
and then sell at appropriate times. The si/stem simulates a
person who at the end of a day evaluates all of the
information available and makes a trading decision for the
following morning. Since no day trading is permitted, our
investor makes the decisions just once every day.

The Commodity Trading Simulation System was designed to
1ncorjgorate as many ‘“real life” scenarios as possible. It is
possible, for instance, to choose what maximum percentaﬁe
of a total portfolio will be in a particular contract. The
system considers transactions costs, margin requirements
and other pertinent features of commodity trading. Basically,
the program operates on historical commodity data in
conjunction with a trade decision rule. The rule is used to
generate a trade recommendation (buy, sell, no trade). The
action is then completed by the Transaction Processing
System (TPS). The basic steps involved in CTSS are
illustrated in Figure 1. TI’S also takes other considerations,
such as maximum quantity to be held, into account. The
effect of trading using a particular rule can be simulated by
performing trades using the rule over a specified time
period. Three reports are available: a chronological
transactions statement, a ‘day-in day-out” report, and a
statistical summary. The rule is taken as an external
procedure, so the program can be used to evaluate other
rules as well.

The transaction processing system is a_trade processor for
buys, sells, and no trades. The TPS also is a record keeper of
the market session purchases and sells; the transaction date,
the market price, quantity traded, commission, gross
profits/losses, net profits/losses, and cumulative totals.
Given a trading decision, the TPS executes the trades and
maintains an accurate account of the portfolio holdings. It
updates the trader’s equity, cash, commission, and portfolio.

The TPS is the central component of the Commodity Market
Simulation System. Figure 1 illustrates the steps required by
the TI’S. A number of interrelated activities occur in the
TPS. The first activity is the process of mer%_ing the data
with a decision rule. The trading rule specifies the data
necessary for a trading signal to be generated. Also, the rule
describes in detail what activities must occur for a trade
signal to be generated. For example, the one day price
breakout rule states that the high ]l)lrice on day t must
breakout above the F(evious day’s high price for a buy
signal. After a signal is generated, the TPS examines the
portfolio holdings. If the portfolio consists of the maximum
quantity of contracts for that commodity, the signal is
postponed. TI’S allows the user to specify how many
commodities can be held in the portfolio at one time. Also,
each type of commodity contract is treated as a distinct
commodity. If the portfolio holdings are not at the maximum
level, the buy signal can be processed. In the case of
maximum portfolio holdings, a sell must be processed for a
commodity in the portfolio before another buy can be
executed. An_ option is available to increase maximum
?uantlty held if many buy signals are repeatedly generated
or a particular commodity. The signal generated first is
processed first. Again, the user can change that to ,perform
all buys before sells.
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FLGURE 1
COMMODITY MARKET SIMULATION SYSTEM OVERVIEW
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RANDOM PRICE GENERATION

When a trader places a buy or sell order based on a
articular price, there is no guarantee that the price on the
oor will be exactly the same when the order is executed.

The investor has a choice of placing stop and limit orders,

but those also work on_l%/ as absolute limits and an actual

transaction price may still be different. This is incorporated
into the program through a random price generator. This
random price serves as a clearing price. This random price

enerator is based on an idea by Griffin and Hummer

%1975). It considers the market’s opening, high, low, and

closing price. It is from these price quotes that a simulated

intra-day environment is created. The ‘market” price
generator developed by Griffin and Hummer implicitly
assumes that intra-day prices will exhibit a random market
pattern between the day’s high and low prices.

The mathematical equation for the random market price
generation routine 1s:

P o= (&, * (CLOSE<QPEN) + T * (HIGH-LOW) + Divisor)
+ UPEN W)

This equation is best explained in Flgure &. Firsg,

FIGURE 2
GRAPHICAL REPRESENTATION OF RANLUM HARKET PHICE GENERATION
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¥ is the located value connecting the open and close price.
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TABLE

L

TESTING A FRICE BREAKOUT RULE WITH A 3 DAY PARAMETER

BUY /SELL TRADE REPORT

MAME pav_IM PRICE_IM  DAY_DUT FRICE_OUT QUANTITY GAIN/LOSS COMMISSION TOTAL GAIM/LOSS MET GATN/SLOSS
LBFEBTS 4/26/74 18515.00 4/30/74 17597 .00 4 -3672.00 1444 .48 3672 00 -%116.48
WCMARTE  426/7T4 21200.00 4/30/74 1999400 3 -3618. 00 173% .82 4738000 -9570. 30
CCMARTS 4 22/74 12600.00 S5/ 2/74 12404 .00 g -1176 0O 1500 . 24 -B46E 00 - 127646 84
LBFERTS S/14/7d 16400 00 %/17/74 1624000 4 -640 00 1305 . 60 -8108 0O - 148937, 14
LBAPRTS S5/14/T4 16400 00 B/ATST4 16080 . 00 4 - 1280 .00 1299, 30 -1038% OO0 -17171, 34
WCMARTS S5/14/T4 1907000 8720/ 7a 18680 00 4 = IR0 OO 1508 . 80 = 12066 OO0 =20360. 14
CCMARTS 5713774 12068 .00 sf22r74 12825.00 & 2742 00 14T5.58 -9324 .00 -19093. 72
LBFEBTS S/30/7T4 14408 00 &/ 4/74 14504 00 5 475 00 1445, G5 -BR49 .00 -20064 37
WCMARTS /29574 18e0d. 00 &/ a/Ta 18670 OO 4 780 . 00 1490, AD -856%, DO -213T8 17
CCHMARTS /30574 12642 .00 g/ 4/74 11846 .00 & -40032 00 1477, 54 -12571.00 -26TSO.TH
LBFERTS &/ S5/T4 14%a% 00  6/10/74 13TOD .00 5 4235 00 1412,25% - 16796 00 -32387 96
LEBAPRTS 6/ S5/T4 143%0.00 &/ 10,74 13808 .00 ] =270 00 1407 . 90 - 19506 00 =}505. 66
COMAYTS 6710774  12700.00 /12774 12400 00 ] = 1800, 00 14506 . 00 21306 00 JRR11_B6
CCMARTS 61074 12675.00 6/12/74 12178 .00 § 3000 . 00 1491 00 =24306 .00 - 44302 . BG
WCHAYTS 6/ 13/T4 20608 DO 6/2T/T4 23069 . 00 3 T383.00 131031 -16923.00 -38230.17
WCMERTS 8/ G/74 18319 DO 6/78/74 7 190000 4 10324 00 1648 TE -6599, 00 -79%5%3 .83
COMAYTS  B/14/Td 12435 .00 T/11/74 14529 .00 g 176324 .00 1617, 24 6075 00 -1B%48 17
COMARTS  G/28 T4 13B0D.00 T/11/74 14455 .00 L] 3275 .00 1412 TS 2300 (00 -16GAS 97
LBFEBTS &/14/7Td 14743.00 T7/12/74 1A060 . 00 L] 16585 . 00 1540 15 FLELL ] -1741.07

TABLE 4
TESTING A PFRICE BEEAKOUT RULE WITH A 3 DAY PARAMETER
FIMAL HEFORT AND STATISTICS OF STMULATTOM
WUMBER OF TRANSACTIONS 43
MUMEER OF BUYS 24
NUMBER OF SELLS 19
HUMUER OF ROUNODTRIF TRADES 19
MUMSER OF PROFITABLE TRADES ° B
NUMBER OF LOSS TRaDES 11
HUMBER OF BaLAMCE TRADES o
% OF PROFITABLE TRADES TO TOTAL TRADES a2 11
% OF PROFITABLE TRADES 7O LOSS TRADES 72.73
TOTAL PROFIT S3IGER. 0O
TOTAL LOSS -27803 .00
avERAGE PROFIT/TRADE 6T11.00
AVERAGE LOSS/TRADE -2827 .55
LARGEST PROFIT STRIMNG 50181 .00
LARGEST LOSS STRING =15737 .00
TOTAL COMMISSTON 31445 24

the slope of a straight line between the market opening and
the market closing prices is calculated (the base of this line
spans one day of time). A random number generator is
invoked and selects, from a uniform distribution, a number
(X) between zero and one. This number, when applied to the
horizontal axis, locates a value (i) on a line connecting the
opening and closing prices. A second random generator then
selects a second number (T) from a standard normal
distribution. This number 1s multiplied by the sample
standard deviation (a). Assuming a 9th range of the standard
normal distribution, two standard deviations lie on each side
of the mean. Hence, the sample standard deviation is
calculated as the difference between the market high and
low, divided by four. %The divisor four is used because this
range is equivalent to four standard deviations.) The product
is added to the value p to obtain the simulated market price
(P). The case shown in Figure 1 is the market closing higher
than open, and both open and close are within the trading
range.

The calculated market price is altered in certain
circumstances. For example, the simulated market price
cannot be hl&]her than the market hll%h, or lower than the
market low. When such cases occur, the market high or low,
respectively, becomes the market price. In cases where the
market high is equal to the market close and also equal to the
simulated market price, the market order will not be filled 75
percent of the time (determined by an independent random
number generator). This restriction is imposed to logically
reflect the possibilities of a locked up-the-limit market.
Likewise, where the market low is equal to the close and

also equal to the simulated market price, the market order
remains unfilled 7~ percent of the time, reflecting a no trade
down-the-limit market. however, one can always buy in a
market locked down-the-limit, as well as sell in one [ocked
up-the-limit.

TRANSACTION PROCESSING AND REPORT
GENERATION

The transaction processing system of CTSS updates the
accounting records each market session. It follows the
traditional approach in setting up marglln accounts, keeps
track of investors’ equity, gain/loss, etc. The program allows
a user to set margin reserve, cost of commission, initial cash
level with the broker and total equity. It allows the user to
specify the margin account and transactions cost in terms of
either a percent of the contract price or a fixed amount per
contract.

CTSS can generate three ty})es of reports. One is a complete

record of every buf/ and sell. This is usually stored on a disk

file for further analysis. A round-trip trade report and an end

of simulation summary report can be either printed or stored

clm addésk. Examples of these two reports are given in Tables
and 2.

CTSS APPLICATION

This system is written in PL/L It is a tool available for
simulating the performance of any trading rule.
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The program has been tested with four trading rules which
are currently available with CTSS. It can be run in batch or
interactive mode. A User’s Guide is available describing all
of the options and data requirements.

In the authors’ view, CTSS has two educational uses. In a
course dealing with commodity futures, CTSS can be used
to demonstrate workings of the market. It can also be used to
test the rules available in CTSS with data available to the
educator, or it can be used to develop and test your own
rules. Complete description and an example is provided in
the User’s Guide. This, of course, requires knowledge of
PL/I. But running the system with its current rules on other
data sets requires no programming. The performance tests on
trading rules should add a different dimension in courses
teaching commodity futures.

A second application of CTSS can be mainly as a
transactions processor. The rules section can be disabled
with minor changes in the program. Then groups of students
can make the trading decisions using their own rules and
CTSS can simply complete the transactions at the randomly
generated Sprice; and maintain accounting records. We have
used CTSS mainly as a research tool so far, but consider this
type of application quite useful. We will be happy to provide
a complete listing of the program to anybody interested in
making further improvements to the program.

(1]

(2]

(3]

(4]

(3]

(6]

(7]

(8]
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