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Abstract

This project is based on a recent paper by J. James who described how profits could be made by using trend following strategies in currencies trading. We utilized the method of simple moving averages in Technical Analysis to automate the buying or selling points. Then we optimised the best days of moving averages, number of trades per year and hence the annual return. We reproduced the work of James and examined a range of currency pairs and identified them as trend-following or range-trading. We also tested out various modifications such as levels of trading cost, exponential moving averages, two moving averages and volatility adjustments to see the corresponding effects. During our study, we found an interesting characteristic between the number of trades and days in moving averages, which resembles a universal exponential decay function. We also constructed a random walk model from which we verified the random stochastic nature of the currency exchange market.
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I. Introduction

A recent article by J. James[1] describes how the simple trend-following strategies in currency trading can be applied to produce a profitable outcome. The proposal is that in the currency market, due to long-term economic pressures, certain currency pairs display trend-following patterns. Also because FX rates have no natural barriers or limits, currency trends can last a long time. However there are other currency pairs, e.g. USD/CAD, which do not trend because their economies are strongly linked, i.e. they are range-trading currencies. It is possible to identify whether a particular currency pair is trend-following or range-trading via their information ratios. For trend-following pairs, by using the moving averages technique in Technical Analysis, one is able to locate the optimum points for prices at which buying and selling can maximize the profits in such trading.

“Trends” in our context are said to occur when markets move further in a given time period than would be expected of a random, non-directional series. Strategies based on utilizing it should make money when tested for in back data.

II. Theory/Background

The theory behind this project is straightforward. In order to make a profit one should “buy low and sell high”. Trends occur naturally as people agree to buy at a certain price at which they consider “low” or sell when “high”. The price begins to rise or fall as a result of increase or decrease demand. But how can one determine whether a certain price is considered high or low? Several analytical methods have been developed to interpret the market. 
A. Technical Analysis & Moving averages

One of them is called Technical Analysis[2]. It is the study of prices with charts being the primary tool. Indicators such as moving averages are plotted alongside the price data in charts. A moving average is defined as the average price of a market over a certain time period. 

Moving average = (( Closing price) / Time period

There are various types of moving averages such as simple, exponential, triangular, variable and weighted. They differ in their weights assigned to the most recent data. The critical element in a moving average analysis is the number of days used to calculate the average. The objective is to find the moving average which yields the highest profit.

By means of moving averages, investors observe changes in prices and particularly the intersections of the price data and its moving average. They typically buy when a price rises above its moving average and sell when the price falls below it. The advantage of using moving averages is that it places the investor on the “correct” side of the market because prices cannot rise very much without the price rising above its average price. One can increase the accuracy of data interpretation by, for example, using two moving averages.
An exponential moving average is a variation of the simple moving average. It is calculated by applying a percentage of today’s closing price to yesterday’s moving average value:

e.g. 9% Exponential moving average 

= (Today’s closing price x 0.09) + (Yesterday’s moving average x 0.91)
In the Results section, we shall explore the effect of exponential moving averages for a few dominant currency pairs.

If the actual rate on a day was above the moving average, then the strategy gave a long signal, and if it was below, then the signal was to go short. The actual number of days in the average was optimised such that it gave the best information ratio for each currency pairs.

B. Information ratio

The information ratio is a ratio of expected return to risk[3]. It is usually used to measure a manager's performance against a benchmark. In our context, information ratio is a measure of the degree of trend-following characteristic of a particular currency pair. By definition, 
Information ratio = (Average annual return x (12)

/ (Standard deviation of monthly returns)

It is noted that for a number of the better trend-following currencies, almost all lengths of moving averages gave a positive information ratio (IR), whereas for range-trading currencies, practically none of them did.

C. Trading cost

Trading costs were included at a level of three basis points, i.e. 0.03%. We also investigated the effect of zero trading cost for a few dominant currency pairs. This will be further discussed in the Results section.

D. Volatility adjustment

In order to improve the returns of a trend-following strategy, one can consider adjusting the face value of the trades according to the volatility of the underlying. Volatility is the rate at which the price of a security moves up and down[3]. In general, by reducing the face value at times of very high volatility, the information ratio is improved. To avoid an over-optimisation, we vary a single parameter only, namely the level of volatility. This is a percentile of the overall distribution of historical volatility for each currency, and the best level is found to be 85%.  Thus, whenever the historical volatility of the FX rate, calculated as the standard deviation of the previous 21 trading days, is above the 85th percentile of its range, the face amount of that currency is reduced to zero. When the volatility moved below the 85th percentile, the face amount was adjusted to its original level.
III. Computational Method

We have written a series of C programs (see Appendix 1) which utilize the idea of moving averages to automate the buying and selling from one currency to another, and hence calculate the number of trades, the annual returns and the information ratios.

The following is a brief description of the programs:

Input parameters from command lines:

Number of days in moving averages (n), total number of data points (N), the commission rate (commission), the input data file (ipf) and the output data file (opf). 

p01.c  
Simple moving average program, prints out daily values and all signals.

p02.c  
Modified p01.c, includes a loop for different values of days in simple moving averages, prints out all days in moving averages and the best value.

p03.c  
Exponential moving average program, prints out daily values and all signals.

p04.c  
Modified p03.c, includes a loop for different values of days in exponential moving averages, prints out all days in moving averages and the best value.

p05.c  
Two moving averages program, prints out daily values and all signals.

p06.c  
Modified p05.c, includes a 2nd loop outside the 1st loop to find the two best days in moving averages.

p07.c  
Modified p01.c, includes historical volatility adjustment.

IV. Results

We have taken into consideration fourteen currency pairs (see Appendix 2).

A. Simple moving average

For each currency pair, we have run the above programs to find the best days in moving averages. The results are tabulated in Table 1 below.

Table 1. Results of best days in simple moving averages for a variety of currency pairs.

	
	Total data points
	Best days in moving averages

(James’ values)
	Annual return
	Number of trades per year
	Information ratio

	USD/JPY
	3780
	69 (69)
	8.92%
	10.1
	0.854

	CHF/JPY
	3695
	69 (69)
	6.90%
	11.2
	0.625

	EUR/JPY
	3780
	71 (11)
	6.60%
	12.0
	0.604

	USD/SEK
	3567
	256 (255)
	6.27%
	3.7
	0.590

	EUR/GBP
	3780
	80 (80)
	3.71%
	10.1
	0.504

	GBP/JPY
	3780
	126 (126)
	5.13%
	9.7
	0.440

	EUR/USD
	3780
	89 (89)
	4.76%
	9.9
	0.440

	USD/CHF
	3780
	64 (64)
	4.95%
	12.1
	0.410

	GBP/USD
	3780
	7 (7)
	2.63%
	52.7
	0.295

	USD/AUD
	3780
	173 (22)
	2.58%
	7.3
	0.295

	EUR/NOK
	3714
	43
	1.33%
	16.8
	0.280

	GBP/CHF
	3695
	98 (98)
	1.69%
	9.0
	0.209

	EUR/CHF
	3780
	116 (116)
	0.77%
	10.7
	0.189

	USD/CAD
	3780
	23 (23)
	-0.04%
	24.2
	-0.009

	Average
	-
	-
	4.23%
	14.2
	0.463


Here we see the contrasting performance between a trend-following currency pair such as USD/JPY and a range-trading currency pair such as USD/CAD. USD/JPY gives positive information ratios and optimistic annual returns throughout all values of days in moving averages whereas USD/CAD presents negative information ratios and pessimistic annual returns. These can be investigated further by looking at the patterns each portrays in the plots of annual return and information ratio as a function of days in moving averages in Figure 1.

Figure 1. Plots of annual return and information ratio against days in moving averages.
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In Figure 2, we see the distribution of best information ratio against days in moving average. As defined above, information ratio acts as an indicator of the level of trend-following for each currency pair. It is also noted that half the currency pairs have their best days in moving averages in the range of 60 to 100. 

Figure 2. Plot of best information ratios against days in moving averages for a variety of currency pairs.


[image: image3.emf]Best information ratios against days in moving averages

usdsek

eurnok

usdaud

eurchf

gbpchf

gbpjpy eurusd

usdchf

eurgbp

eurjpy

chfjpy

usdjpy

usdcad

gbpusd

-0.100

0.000

0.100

0.200

0.300

0.400

0.500

0.600

0.700

0.800

0.900

4 54 104 154 204 254

days in moving averages

information ratio

information ratio


B. Exponential moving average & Levels of trading cost

We examine the effects of commission-free trading and exponential moving averages. The following results, tabulated in Table 2, were generated.

Table 2. Results of best days in moving averages and information ratios for a variety of currency pairs using simple moving averages (with and without commission) and exponential moving averages.
	
	Simple moving average with commission
	Simple moving average without commission
	Exponential moving average with commission

	
	Best days in moving averages
	Information ratio
	Best days in moving averages
	Information ratio
	Best days in moving averages
	Information ratio

	USD/JPY
	69
	0.854
	69
	0.871
	68
	0.789

	CHF/JPY
	69
	0.625
	69
	0.642
	207
	0.649

	EUR/JPY
	71
	0.604
	11
	0.653
	70
	0.601

	USD/SEK
	256
	0.590
	256
	0.596
	255
	0.571

	EUR/GBP
	80
	0.504
	80
	0.527
	79
	0.495

	GBP/JPY
	126
	0.440
	126
	0.454
	125
	0.409

	EUR/USD
	89
	0.440
	89
	0.455
	94
	0.444

	USD/CHF
	64
	0.410
	64
	0.427
	105
	0.409

	GBP/USD
	7
	0.295
	7
	0.387
	18
	0.297

	USD/AUD
	173
	0.295
	173
	0.309
	173
	0.257

	EUR/NOK
	43
	0.280
	43
	0.337
	42
	0.276

	GBP/CHF
	98
	0.209
	14
	0.246
	13
	0.168

	EUR/CHF
	116
	0.189
	4
	0.330
	12
	0.185

	USD/CAD
	23
	-0.009
	13
	0.079
	12
	-0.031

	Average
	-
	0.463
	-
	0.504
	-
	0.449


It is observed that the consequence of 0.03% commission rate is small. Thus we notice that the majority of the currency pairs behave nearly identically for both with and without commission, except for a few for which different days in moving average provide better information ratios (noticeable discrepancy in bold). 

The usage of exponential moving averages gives similar results. Since exponential moving average weigh recent values more heavily than older values, we can deduce that those currency pairs, which display noticeable discrepancy in days in moving averages with exponential moving average technique, are more sensitive to recent data. Although some currency pairs perform slightly better with exponential moving averages (information ratios in bold), the overall information ratio is reduced when compared with the simple moving average case. Therefore, the introduction of an extra parameter, namely, the interchange of simple and exponential moving averages, is not advisable. This proves the strength of our original simple moving average model. 

The above results are also plotted systematically in Figure 3.

Figure 3. Plots of information ratio and best days in moving averages for a variety of currency pairs in simple moving averages (with and without commission) and exponential moving average cases.
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C. Two moving averages

Two moving averages were studied via a variety of currency pairs, and the results are tabulated in Table 3.

Table 3. Results of best days in two moving averages for a variety of currency pairs.

	
	Single moving average


	Two moving averages

(best IR)
	Two moving averages

(best annual return)

	
	n


	Annual return
	IR
	n
	n‘
	Annual return
	IR
	n
	n‘
	Annual return
	IR

	USD/JPY
	69
	8.92%
	0.854
	55
	63
	-0.24%
	0.792
	22
	53
	4.00%
	0.568

	CHF/JPY
	69
	6.90%
	0.625
	5
	209
	6.35%
	0.594
	5
	209
	6.35%
	0.594

	EUR/JPY
	71
	6.60%
	0.604
	17
	200
	6.52%
	0.722
	16
	204
	7.15%
	0.701

	USD/SEK
	256
	6.27%
	0.590
	27
	29
	4.33%
	0.650
	13
	198
	5.93%
	0.610

	EUR/GBP
	80
	3.71%
	0.504
	20
	46
	2.22%
	0.890
	208
	210
	4.55%
	0.596

	GBP/JPY
	126
	5.13%
	0.440
	80
	81
	1.49%
	0.580
	5
	127
	2.78%
	0.398

	EUR/USD
	89
	4.76%
	0.440
	27
	29
	2.18%
	0.812
	11
	49
	3.58%
	0.610

	USD/CHF
	64
	4.95%
	0.410
	24
	37
	0.37%
	0.796
	208
	210
	5.70%
	0.506

	GBP/USD
	7
	2.63%
	0.295
	207
	163
	-0.62%
	0.466
	18
	13
	0.09%
	0.204

	USD/AUD
	173
	2.58%
	0.295
	182
	200
	3.21%
	0.585
	164
	210
	4.45%
	0.520

	EUR/NOK
	43
	1.33%
	0.280
	48
	90
	1.14%
	0.799
	209
	210
	2.39%
	0.553

	GBP/CHF
	98
	1.69%
	0.209
	54
	199
	2.97%
	0.452
	51
	210
	3.55%
	0.436

	EUR/CHF
	116
	0.77%
	0.189
	33
	32
	-1.10%
	0.585
	164
	133
	0.50%
	0.344

	USD/CAD
	23
	-0.04%
	-0.009
	133
	131
	-0.06%
	0.539
	204
	207
	2.02%
	0.478

	Average
	-
	4.01%
	0.409
	-
	-
	2.05%
	0.662
	-
	-
	3.79%
	0.508


Referring to the results above, for the majority of currency pairs, two moving averages technique boosts their information ratios. Nevertheless, the increase of information ratios is not accompanied by the increase of annual returns. On the contrary, we see considerable drops in annual returns in all but two pairs (annual returns in bold). The most dramatic case is in USD/JPY where the outcome is a loss even though this currency pair has been producing the most promising profit with the single moving average technique. 

An alternative set of results were generated when we optimised the two days in moving averages by taking the best annual return. Surprisingly, half of the currency pairs obtained better annual returns (annual returns in bold) than the single moving average case. However, the overall annual return is still beaten by the original single moving average value.

The above results are also plotted systematically in Figure 4.

Figure 4. Plots of information ratio and annual return for a variety of currency pairs in single moving averages, two moving averages (best IR) and two moving averages (best annual return) cases.
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Hence we can conclude that the addition of two moving averages technique is not necessary. Once again the single moving average analysis is preferred.

Two other interesting points were observed when one explores the two moving averages technique. When we plot annual return and information ratio as a function of days in moving averages as in Figure 5, we see that it behaves distinctively from the single moving average case (refer to Figure 1). 

Figure 5. Plots of annual return and information ratio against second days in moving averages.
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Here the resemblance of annual return and information ratio functions disappears as expected, since there are now two variables in days in moving averages.

Figure 6. Plots of second days in moving averages against first days in moving averages.
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In Figure 6, we see a characteristic difference in the two lines of USD/JPY and USD/CAD. Although the second moving average oscillates in nature, overall it is rising in the case of USD/JPY whilst it fluctuates dramatically in the USD/CAD scenario. 
D. Volatility adjustment
We added in volatility adjustment as defined above. However, due to the shortage of time, not enough data were generated to verify James’ results.  The following is the C code of the historical volatility and its range:


hist_vol[i] = stddev(mem_fxrate, 21);

       
range[i] = peak_to_peak(mem_fxrate, 21);


…


if (hist_vol[i] > range[i]*0.85 )



   
{ signal[i] = 0; }

where “stddev” is a function to calculate the standard deviation of a series of data; “peak_to_peak” is a function to evaluate the peak-to-peak value of a series of data. If the historical volatility is above 85% of its range, the face amount is reduced to zero. It is expected that the addition of volatility adjustment will improve the information ratio, nevertheless it may also lessen the annual return as a result of disregarding a few sharp rapid positive returns. Overall, volatility adjustment reduces risk and should be included in a complete portfolio of currency trading.
V. Discussion

A. Trend-following or Range-trading

With the help of information ratio, one is able to identify whether a particular currency pair is trend-following or range-trading. From our simple moving average results, we conclude the following polarization as tabulated in Table 4.

Table 4. Trend-following and range-trading grouping for a variety of currency pairs.
	Trend-following
	IR
	Annual return
	Cumulative return
	Range-trading
	IR
	Annual return
	Cumulative return

	USD/JPY
	0.854
	8.92%
	133.74%
	USD/CAD
	-0.009
	-0.04%
	5.84%

	CHF/JPY
	0.625
	6.90%
	103.10%
	EUR/CHF
	0.189
	0.77%
	11.91%

	EUR/JPY
	0.604
	6.60%
	102.57%
	GBP/CHF
	0.209
	1.69%
	26.62%

	USD/SEK
	0.590
	6.27%
	91.04%
	EUR/NOK
	0.280
	1.33%
	17.33%

	EUR/GBP
	0.504
	3.71%
	58.60%
	USD/AUD
	0.295
	2.58%
	44.18%

	GBP/JPY
	0.440
	5.13%
	77.82%
	GBP/USD
	0.295
	2.63%
	41.06%

	EUR/USD
	0.440
	4.76%
	75.89%
	
	
	
	

	USD/CHF
	0.410
	4.95%
	75.74%
	
	
	
	


We put the above eight trend-following currency pairs into our trading portfolio, and obtained a cumulative return from the “average” series as 87.39% for the time period of July 1988 to May 2003. (The “average” series is created by a simple average of all eight trending currency strategies.) Its annual return is 5.91% with an information ratio of 0.559. It is plotted alongside the eight trend-following currency pairs in Figure 7.

Figure 7. Plot of cumulative returns for trend-following currency pairs from Jan-98 to May-03
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According to a second paper of J. James[4], one is able to make use of the range-trading currency pairs by using option-writing method. Thus, a complete portfolio of both trend-following and range-trading currency pairs can be constructed and optimised to yield maximum profit.

B. Trades against days in moving averages

During our study, we came across the interesting finding as shown in Figure 8. When we plot the number of trades against days in moving averages, a universal characteristic of exponential decay function is seen throughout, whether or not a particular currency pair is trend-following or range-trading. 

Figure 8. Plot of trades against days in moving averages for a variety of currency pairs.
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The log trend line of the average data gives us the equation: 

y = A ln(x) + B 
where A, B are constants

which, as compared with the nature of radioactivity decay, suggests that days in moving averages behaves similarly to the number of sample in a radioactive material, whereas number of trades corresponds to time in radioactivity. (See Appendix 3)

We inspected this further by devising a random walk model (See Appendix 4), and then using the simple moving average analysis as described above generated crossover points (i.e. trades). While we plot it alongside with our previous results, we see there is a resemblance of the two. Thus we can conclude that the currency exchange market is truly a random walk model, and from adjusting the constraints to our initial random walk model, we can study the nature of constraints in such a security market.

VI. Conclusion

In conclusion, simple trend-following strategies were studied in considerable detail. The strength of the model, despite its simplicity, was demonstrated. It was found to be superior to the exponential moving average and two moving averages models. Data were generated verifying James’ works. A better understanding of the characteristics of trend-following / range-trading behaviours was obtained. More importantly, the expected returns when applying the simple trend-following strategies are promising in general, and one should consider including such an analysis in a currency exchange trading portfolio.
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Appendices

Appendix 1:
Series of C programs

The following is a brief description of the elements from the program (p01.c):

Initially it requests several input parameters such as number of days in moving averages (n), total number of data points (N), the commission rate (commission), the input data file (ipf) and the output data file (opf). Its operation is then divided into two parts. 

1. Daily parameters

· It reads the input data of dates and FX rates from the “ipf” file;

· It evaluates the moving average for each date (ma[i]);

· It determines whether a signal is long/short (signal[i]);

· It marks the crossover points, hence generates trade signals(trade[i]);

· It calculates the daily returns (daily_ret[i]), costs (cost[i]), strategy returns (st_ret[i]) and strategy cumulative returns (st_cum[i]);

· It prints out each of the above values into the “opf” file.

2. Statistical parameters

· It calculates the monthly cumulative returns (mth_cum[i]),  monthly changes (mth_change[i]), and thus the annual return (ann_ret);

· It also evaluates the information ratio (ir) by using the above statistics;

· It prints out each of the above values into the “opf” file.

Lastly it makes plots of FX rates and moving averages against dates by means of the “gnuplot” graphical function. 

A modified version of the first program (p02.c) loops for each value of days in moving averages from n = 4 to n = 210 (this can be adjusted initially from command line). It prints out each of the values of number of trades (trade_num), final return (fin_ret), annual return (ann_ret) and information ratio (ir) into the “opf” file.

p03.c and p04.c examine the effect of exponential moving averages. They apply exponential moving averages (expma[i]) instead of simple moving averages to generate the trade signals. 

p05.c and p06.c investigate the two moving averages analysis. The second moving average (ma2[i]) is used in place of FX rate (fxrate[i]) when the programs check for crossover points.

p07.c is a modified version of p01.c with the addition of volatility adjustment. It calculates both the historical volatility (hist_vol[i]), defined as the standard deviation of the previous 21 trading days, and its range (range[i]) by calling the “stddev” and “peak_to_peak” functions respectively. The program generates a “stop” signal (signal[i] = 0) when the historical volatility rises above 85% of its range, and restores the original value when the historical volatility drops below 85% of its range.
Appendix 2:
Source of currency data 

The following fourteen currency pairs based on MSCI index are considered in this project: 

Table 5. Details of fourteen currency pairs considered in this project.

	Currency
	 Total data points
	Start date
	End date

	CHF/JPY
	3695
	1-Jul-88
	21-Jan-03

	EUR/CHF
	3780
	1-Jul-88
	20-May-03

	EUR/GBP
	3780
	1-Jul-88
	20-May-03

	EUR/JPY
	3780
	1-Jul-88
	20-May-03

	EUR/USD
	3780
	1-Jul-88
	20-May-03

	GBP/CHF
	3695
	1-Jul-88
	21-Jan-03

	GBP/JPY
	3780
	1-Jul-88
	20-May-03

	GBP/USD
	3780
	1-Jul-88
	20-May-03

	USD/AUD
	3780
	1-Jul-88
	20-May-03

	USD/CAD
	3780
	1-Jul-88
	20-May-03

	USD/CHF
	3780
	1-Jul-88
	20-May-03

	USD/JPY
	3780
	1-Jul-88
	20-May-03

	EUR/NOK
	3714
	3-Jan-89
	20-May-03

	USD/SEK
	3567
	3-Jan-89
	21-Jan-03

	USD/SGD
	1551
	17-Dec-96
	21-Jan-03


Appendix 3:
Similarity between trades as a function of days in moving averages and radioactivity decay 

Radioactivity decay:
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where N = number of sample in a radioactive material, t = time

Trades as a function of days in moving averages:

y = A ln(x) + B 
where A, B are constants

Hence,
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where  = A-1
therefore, N ~ x(days in moving averages), t ~ y(number of trades).

Appendix 4:
Random walk model

A random walk model program (random.c) is created to generate a series of stochastic data which resembles the actual FX rate data. The condition for the correspondence lies in the constraints of the move steps. The following is the C code for the constraints:

for(i=1; i<LIMIT; i++)

 { r = drand48();

   if(r<0.5)

   {  if(rate[i-1]<rate[i-2])

      { move=-2.0; }

      else

      { move=-1.0; }

   }

   if(r>0.5)

   {  if(rate[i-1]>rate[i-2])

      { move= 2.0; }

      else

      { move=1.0; }

   }

   if(r==0.5)

   { move=0.0; }

   rate[i] = (rate[i-1]+move);

 }

A few numbers are randomly selected to seed the random number generator. For example, number 77 is fed to produce r77.dat. When we run p01.c with r77.dat and take n = 69 for instance, the results are the following:

3780 data points in total, 180 months in total, 241 trades, 

179.35% final P/L, 11.91% annual P/L and 0.490 information ratio.

When we plot it alongside our previous results, we see that there is a similarity between the two.

Figure 9. Plot of trades against days in moving averages for three random walk model series with the original “average” series.
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p01.c

/* p01.c - Simple moving average program, prints out daily values and all signals */

#include <math.h>

#include <stdio.h>

#include <stdlib.h>

#include "gnuplot_i.h"

#define LIMIT 5000

#define SLEEP_LGTH 20

double stddev( double A[], int N);

int main(int argc, char *argv[])

{

 int n, N, i, j=1, k, 

     signal[LIMIT], trade[LIMIT], trade_num, mth_num, datapoint; 

 double commission, fxrate[LIMIT], sum=0, ma[LIMIT], 

        daily_ret[LIMIT], cost[LIMIT], st_ret[LIMIT], st_cum[LIMIT],

        mth_cum[LIMIT], mth_change[LIMIT], sum_mth=0, ann_ret, std_dev, ir;        

 char *date[LIMIT], *ipf, *opf;

 FILE *ifp, *ofp;

 gnuplot_ctrl *h ;

 if (argc != 6)

 {

  printf("Usage: program <n> <N> <commission> <ipf> <opf> \n");

  return(1);

 }

/*

 *  Read the number of days for moving averages from the command line

 */

 if (sscanf(argv[1],"%d",&n) != 1)

 {

  printf("program: couldn't get number of days for moving averages from command line\n");

  return(1);

 }

/*

 *  Read the number of data for calculation

 */

 if (sscanf(argv[2],"%d",&N) != 1)

 {

  printf("program: couldn't get number of data points for calculation\n");

  return(1);

 }

 if (N <= n)

 {

  printf("error: N <= n\n");

  return(1);

 }

 if (sscanf(argv[3],"%lf",&commission) != 1)

 {

   printf("program: couldn't get the commission rate from command line\n");

   return(1);

 }

 ipf = argv[4];

 opf = argv[5];

 ifp = fopen(ipf, "r");

 ofp = fopen(opf, "w");

 fxrate[0] = 0;

 ma[0] = 0;

 st_cum[0] = 0;

 mth_cum[0] = 0;

 fprintf(ofp, "Data from input file %s, n = %d, N = %d, commission = %lf\n", ipf, n, N, commission);

 fprintf(ofp, "date\tfxrate[]\tma[]\tsignal[]\ttrade[]\tdaily_ret[]\tcost[]\tst_ret[]\tst_cum[]\n");

 for (i=1; i<=N && fscanf(ifp, "%s", date)==1 && 

 fscanf(ifp, "%lf", &fxrate[i])==1; i++)

 /* loading data from ifp and put them into fxrate[] */

 {

  fprintf(ofp, "%s\t", date);

  fprintf(ofp, "%lf\t", fxrate[i]); 

   if (i<n)
/* calculating simple moving average */ 

   { sum += fxrate[i];

     ma[i] = 0; }

   else

   { sum += fxrate[i];

     sum -= fxrate[i-n];

     ma[i] = sum /n; }

   fprintf(ofp, "%lf\t", ma[i]);  

   if (ma[i-1]==0)
/* evaluating entry signal (long/short) */

   { signal[i] = 0; }

   else

   { if (fxrate[i-1]>ma[i-1])
/* long signal */

     { signal[i] = 1; }

     else

     { if (fxrate[i-1]<ma[i-1])
/* short signal */

       { signal[i] = -1; }

       else

       { signal[i] = 0; }

     }

   }

   fprintf(ofp, "%d\t", signal[i]);

   if (signal[i]==signal[i-1])
/* evaluating trade */

   { trade[i] = 0; }

   else

   { trade[i] = 1; }

   fprintf(ofp, "%d\t", trade[i]);

   if (signal[i]==0)

/* evaluating daily return */

   { daily_ret[i] = 0; }

   else

   { daily_ret[i] = ((fxrate[i] - fxrate[i-1])/fxrate[i-1]); }

   fprintf(ofp, "%lf%%\t", daily_ret[i]*100);

   if (signal[i]!=signal[i-1])
/* evaluating daily cost */

   { cost[i] = commission/2; }

   else

   { cost[i] = 0;}

   fprintf(ofp, "%lf%%\t", cost[i]*100);

   /* calculating strategy return, strategy cumulative */

   st_ret[i] = daily_ret[i]*signal[i] - cost[i];


   st_cum[i] = st_cum[i-1] + st_ret[i];

   fprintf(ofp, "%lf%%\t%lf%%\n", st_ret[i]*100, st_cum[i]*100);

 }

 datapoint = i-1;
/* total data points taken */

 /* calculating monthly cumulative and monthly change */

 fprintf(ofp, "mth_num\tmth_cum[]\tmth_change[]\n"); 

  for (i=1; i<= datapoint; i++)

  { if ((i-2)%21 == 0)

/* counting every 21 days */

    { mth_cum[j] = st_cum[i]; 

      mth_change[j] = mth_cum[j] - mth_cum[j-1];

      sum_mth += mth_change[j];

      fprintf(ofp, "%d\t%lf%%\t%lf%%\n", j, mth_cum[j]*100, mth_change[j]*100);

      j++;

    }

  }

 mth_num = j-1;

/* total number of months */

 /* calculating annual return and information ratio */

 ann_ret = (sum_mth/mth_num) * 12;

 std_dev = stddev(mth_change,mth_num);

 ir = ((sum_mth/mth_num) * sqrt(12))/std_dev; 

 for (i=1; i<=datapoint; i++)

 { trade_num += trade[i]; }
/* counting number of trades */

 /* printing results into both output file and command line */

 fprintf(ofp, "total number of datapoints = %d\n", i-1);  

 fprintf(ofp, "total number of trades = %d\n", trade_num);

 fprintf(ofp, "final P/L = %lf%%\n",st_cum[i-1]*100);

 fprintf(ofp, "total number of months = %d\n", mth_num);

 fprintf(ofp, "annal P/L = %lf%%\n", ann_ret*100);

 fprintf(ofp, "IR = %lf\n", ir);

 fclose(ifp);

 printf("total number of datapoints = %d\n", i-1);

 printf("total number of trades = %d\n",trade_num);

 printf("final P/L = %lf%%\n",st_cum[i-1]*100); 

 printf("total number of months = %d\n", mth_num);

 printf("annal P/L = %lf%%\n", ann_ret*100);

 printf("IR = %lf\n", ir);

 /* gnuplot - ploting fxrate and moving average */ 

 /*h = gnuplot_init();

 gnuplot_setstyle(h, "linespoints"); 

 gnuplot_plot_x(h,fxrate,N,"fx rate");

 gnuplot_plot_x(h,ma,N,"moving average");

 sleep(SLEEP_LGTH);

 gnuplot_close(h);*/

 return(0);

}

double stddev( double A[], int N)
/* standard deviation function */

{

 double sigma=0, square=0, sum=0;

 int i;

 for(i=1; i<=N; i++)

 { square += A[i]*A[i];

   sum += A[i]; }

 sigma = (N*square - (sum*sum))/(N*(N-1)); 

 sigma = sqrt(sigma);

 return sigma;

}  

PAGE  
20

_1134675435

_1134687189.unknown

_1134759227

_1134761835

_1134687533.unknown

_1134756943

_1134759184

_1134687575.unknown

_1134687500.unknown

_1134683435

_1134687106.unknown

_1134675926

_1134680952

_1134674906

_1134675434

_1134663485

_1134665427

_1134569728

