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INTRODUCTION

Harmonic trading is a trading strategy that utilizes 

natural geometric patterns containing ratios known as 

the Fibonacci ratios. These ratios are observed 

everywhere in the natural world as well as in 

man-made structures. Therefore, it is speculated that 

they also exist within the financial markets. 

One of the most well-known harmonic patterns is the 

‘ABCD pattern’, presented in the book in Profits in the 

Stock Market (1932) by Harold McKinley Gartley. The 

underlying hypothesis by Gartley was that the pattern 

can be used as an indicator of a coming price reversal, 

holding the assumption of inefficient markets. In 

practice, one could capitalize on the predicted price 

reversals by taking a long or short position indicated by 

a bullish- or bearish-signaling ABCD pattern 

respectively.

This paper is an extension of two precious LINC 

reports1 researching trading strategies utilizing ABCD 

patterns in the foreign exchange (FX) markets. The 

previous two reports discovered interesting findings 

and came to the conclusion that a more thorough 

analysis is needed to determine the utility of the 

pattern. The previous results confirmed that ABCD 

patterns do indeed exist on the FX market, however, 

demonstrated limited utility as strategies did not 

generate significant positive returns. This was a result 

of inconsistent occurrences of the expected price 

reversals. The market itself did not act according to the 

theory which the algorithm is based upon. 

1 Yasser Mahfoud, Victoria Helin, Emil Håkansson, 2019, Harmonic Markets & Pontus Green, 2020, Harmonic Markets

Exhibit 1: Bearish and Bullish ABCD pattern on October 18, 2017  for the currency pair EUR/USD. 

The main goal of this paper is to further analyze the 

utility of the ABCD pattern by conducting more testing 

and analysis with more strategies. The following 

adjustments will be made to achieve this:

1. More currency pairs will be tested.

2. Shorter time resolutions will be used.

3. Increased proportions of pattern will be 

tested. CD will be altered to 80-120% of AB 

(See Theory/Definitions).

Previously the currency pairs EUR/USD and AUD/USD 

were analyzed for the years 2003-2018  with 5- and 

15-minute time resolution respectively.

The report first introduces the harmonic pattern with 

definitions and theory, proceeded by a description of 

the algorithmic implementation of the pattern 

detector and data. Following this, an analysis and 

evaluation is conducted on the results from the 

trading algorithm. The analysis mainly focuses on the 

patterns’ return based on their geometric properties 

and relative position to the day’s opening price, but 

also studies the relative frequency of the geometric 

properties across the results. Based on the results, an 

optimized filter is hypothesized and backtested in an 

attempt to find indicative factors of successful 

patterns. A discussion on the tradability of the 

patterns concludes the report. 
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Exhibit 3: Illustration of the criteria for a bullish 

ABCD pattern.

Exhibit 2: Illustration of the criteria for a 

bullish ABCD pattern.

The ABCD pattern is defined by four points A, B, C, D 

which hold distances in price and time based on the 

Fibonacci ratios. The Fibonacci ratios is derived from the 

Fibonacci sequence, a sequence of numbers which 

determines the successive number by taking sum of the 

two preceding numbers, with the first two numbers 

being zero and one, i.e. 0, 1, 1, 2, 3, 5, 8, 13, ... . In the 

ABCD pattern, the BC length is characterized as being a 

minimum of 38.2% of AB in price, where the percentage 

corresponds to the Fibonacci ratio of a Fibonacci number 

and its second successive number. In the example given 

above, 5/13 = 0.385 (3 significant figures) approximates 

the ratio. The ABCD pattern holds two forms: one bearish 

and one bullish, as displayed in Exhibit 1 and 2 

respectively, where point X is arbitrary. The patterns are 

defined explicitly by the following properties:

Bullish ABCD pattern:

• Point A (point of initiation) must be a local extremum, 

that is, it must be the highest value of the entire 

harmonic pattern as well as the highest point looking 

back seven points from the initiation of the pattern.

• The length (time) of BC must be a minimum of three 

bars (3 minutes).

• BC must be a minimum of 38.2% of AB in price.

• B has to be local min in the interval AB.

• C has to be local max in the interval BC.

• The length (in time and price) of CD must be 90-110% 

of the length of AB. Alternatively 80-120 length of AD.

• Point D is a minimum between point A and D.

Bearish ABCD pattern: 

• Point A (point of initiation) must be a local extremum, 

that is, it must be the lowest value throughout the 

entire harmonic pattern as well as the lowest point 

looking back seven points from the initiation of the 

pattern.

• The length (time) of BC must be a minimum of three 

bars (3 minutes).

• BC must be a minimum of 38.2% of AB in price.

• B has to be local max in the interval AB.

• C has to be local min in the interval BC.

• The length (in time and price) of CD must be 90-110% 

of the length of AB. Alternatively 80-120 length of AD.

• Point D is a maximum between point A and D.

In Gartley’s theory, the legs AB and CD should be 

equal in length (AB=CD), however the possibility that 

an exact ratio occur in practice is very small. For this 

reason, the AB:CD ratio of detected patterns must fall 

in an interval. In the previous reports, this interval 

was 90-110%. In this report, we test the same 

interval as well as an expanded interval of 80-120%. 

This should result in more patterns detected, which 

will be evaluated and analyzed in comparison to the 

results from the original range. In theory, the ABCD 

pattern is indicative of a coming price reversal. 

Therefore, upon completion of the bullish/bearish 

ABCD pattern, a long/short position respectively is to 

be taken at point D to maximize return. 

THEORY
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Data

The data consists of six currency pairs. For this report, 

the following currency pairs will be tested:

1) AUD/USD 2) EUR/USD 3) NZD/USD 

4) USD/CAD 5) USD/CHF 6) GBP/USD

The time series data consists of mid-prices calculated 

as the mean of bid and ask prices in 

Open-High-Low-Close (OHLC). The resolution has been 

increased from 5 and 15-minute to 1-minute precision, 

compared to 5-minutes in previous reports, and tested 

from 17-10-2017 to 17-10-2020. A backtest is 

performed using OHLC for the EUR/USD currency pair 

for the time period 17-10-2014 17-10-2017.  

Furthermore, the time series data was filtered to 

consist of the intervals: Monday opening-time at 09:00 

to Friday closing-time at 16:00 on the London FX 

market each week.

Strategies

Three trading strategies were back-tested on historical 

data. These differ only in the execution of their closing 

positions. Once an ABCD pattern has been detected by 

the algorithm, a short/long position is initiated at the 

point D for a bearish/bullish pattern respectively. 

These positions should in theory capitalize on the price 

reversal expected after the ABCD patterns. The 

positions are closed in the following unique ways in 

each strategy:

• Strategy 1, Ratio: This ratio-based strategy closes 

its position once the price has increased or 

decreased with 38.2% of the length of AD.

• Strategy 2, 20-pip: Closes position once price has 

increased or decreased 20 pips.

• Strategy 3, 10-pip: Closes position once price has 

increased or decreased 10 pips.

Whilst Strategy 1 and Strategy 2 are based on the 

previous reports, Strategy 3 is new. The second and 

third strategy have a fixed closing mechanism which 

reduces the downside risk, the idea is the see if the 

smaller pip strategy is better at capturing the price 

reversal than the 20 pip close mechanism. The first 

strategy based is based on a ratio which depends on 

the size of the pattern. 

METHOD & DATA

Method

To detect the ABCD patterns on the FX market, a 

pattern-detecting algorithm was run on historical data. 

The algorithm for finding each point A-D is based on 

the program from the previous reports with some 

minor modifications, namely that the AB:CD ratio was 

optionally expanded, and patterns were filtered as to 

occur during a weekday (without overlapping from 

week to week). The algorithm was bounded such that 

only small- to medium-sized patterns could be 

detected. This was done by restricting the AB and BC 

legs in time with following bounds:

• AB: minimum: 1 bar, maximum: 29 bars

• BC: minimum: 3 bars, maximum: 24 bars

At the occurrence of overlapping patterns, i.e. unique 

patterns holding the same index for a particular point, 

the algorithm records the first occurring pattern. For 

the analysis of the patterns, the algorithm was further 

developed to generate a table displaying number of 

trades, win-rate, average position length, average 

return and total return. To analyze how the opening 

price of trading days might influence ABCD patterns, 

the opening price of the trading day (London market) 

from each observed pattern was saved. In the case of a 

pattern occurring before the market had opened, the 

opening price of the previous trading day was used. 

The patterns’ selected D-point was the low and high 

value of the 1-minute Open-High-Low-Close (OHLC) bar 

for the bullish and bearish pattern respectively. If the 

AB:CD ratio exceeded 110%, then CD leg was adjusted 

as to attain exactly an AB:CD ratio of 110%. The same 

was done for the 120% AB:CD ratio strategies. The 

reason for this is that in a live trading setting, a position 

is taken immediately when the pattern criteria is met. 

Since the criteria is met some time during a 1-minute 

bar, a corrected D-point lying within the AB:CD ratio 

interval is more representative of a trade in a real 

environment. Short/long positions are taken the same 

index/time as the D-point, despite that this may not be 

realistic in real-time trading.
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RESULTS & ANALYSIS

The algorithm detected the patterns consistently 

across all currency pairs. An increase in data points 

and resolution resulted in more detected patterns. 

The average return across all strategies (Table 1) for 

both AB:CD ratio ranges are positive, with an 

exception of Strategy 2 Bullish. This suggests that a 

price reversal is present after the completion of a 

ABCD pattern, which is also confirmed by the fact that 

all strategies for both AB:CD ratios intervals have a win 

rate over 50%, see Table 1.  Overall, the strategies 

result in a higher average return for 80-120 than for 

90-110 except Strategy 2, Bearish. The implications of 

this will be evaluated further as the impulses which lie 

in the 80-120 range also include the 90-110% 

impulses. Keeping in mind that the original Gartley 

ABCD pattern has AB=CD in length, the result leads to 

the peculiar suggestion that a less strict pattern 

definition of the pattern resulted in a higher return. 

The less strict definition also resulted in more detected 

patterns compared to when the leg CD is  90-110% of 

AB, as expected. Table 2 illustrates the same statistics 

as above, however this time further categorized by the 

pattern’s position relative to the day’s opening price 

(DOP). 

Table 1. Result of all three strategies for both lengths of CD merged for all six currency pairs, displayed in full in Appendix 1 & 2. 

Table 2. Result of Opening price statistics of all three strategies for both lengths of CD merged all six currency pairs.

There occurs no clear increase of average return 

between patterns positioned below and above the 

DOP across the Total for all three strategies, although 

there is an increase of average return for Strategy 1 

Bearish, Strategy 2 Bullish, and Strategy 3 Bullish, for 

AB:CD ratios of 90-110%. Looking at the strategies with 

AB:CD ratios between 80-120%, Strategy 1 Bearish and 

Strategy 2 Bullish showed a larger average return for 

patterns positioned above the DOP compared to 

below. There are only two strategies, Strategy 1 

Bearish and Strategy 2 Bullish, which experienced 

larger average returns of patterns above the DOP for 

both AB:CD ratios. To summarize, it seems that 

utilizing pattern’s relative position to the DOP in 

trading is not profitable  for all strategies, bullish and 

bearish, since it is not consistent with the varied AB:CD 

ratios nor across strategies.

The coming pages visualize the results further using 

heat maps, the purpose is to distinguish the 

determinants of a successful trade. Firstly, the 

properties of BC are displayed and evaluated on pages 

6-7 followed by the length of AD in time and price on 

pages 8-9. Lastly the relative frequency of the trades is 

displayed on pages 10-11.
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Exhibit 4: 90-110, Strategy 1, Bullish, avg return. Exhibit 5: 90-110, Strategy 1, Bullish, win rate.

Exhibit 6: 90-110, Strategy 1, Bearish, avg return. Exhibit 7: 90-110, Strategy 1, Bearish, win rate.

Exhibit 8: 90-110, Strategy 2, Bullish, avg return. Exhibit 9:  90-110, Strategy 2, Bullish, win rate.

Exhibit 10: 90-110, Strategy 2, Bearish, avg return. Exhibit 11: 90-110, Strategy 2, Bearish, win rate.

RESULTS & ANALYSIS
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Exhibits 4-15 are heat maps which all show the 

distribution of the detected patterns’ BC properties for 

all currency pairs merged, for each strategy. The x-axis 

shows the BC/AB ratio in price (expressed in percent) 

and the y-axis shows the BC length in bars, i.e. in time. 

The even-numbered and odd-numbered heatmaps of 

Exhibits 4-15 presents the average return and win rate 

respectively. By observing the distributions in respect 

to average return and win rate, we strive to determine 

whether certain properties of the BC leg are more 

indicative of a successful price reversal, allowing us to 

optimize our trading strategy.  

Upon examining the BC leg’s average return heat maps 

(even-numbered Exhibits 4-15), there is no 

distinguishable area for all strategies, bullish and 

bearish independently, in which the average return is 

significantly positive. The average return for Strategy 2 

and 3 appears particularly noisy, suggesting higher 

changes in return. This is also due to the fact that the 

average return per trade always lie within +/-10 or 

+/-20 pips for these particular strategies. 

Exhibit 12: 90-110, Strategy 3, Bullish, avg return. Exhibit 13:  90-110, Strategy 3, Bullish, win rate.

Exhibit 14: 90-110, Strategy 3, Bearish, avg return. Exhibit 15: 90-110, Strategy 3, Bearish, win rate.

For Strategy 1 (Exhibits 4 & 6), there seems to be an 

area in upper-right corner with more stable positive 

returns and minimal losses. 

In the corresponding heat maps displaying win rate for 

Strategy 1 (Exhibit 5 & 7), the upper- right corner is 

mostly equal or above 50%. This area is of particular 

interest and will be utilized further on in hopes of an 

optimized trading algorithm. Therefore, the bigger 

wins as well as losses happen when the BC in bars is 

smaller and the ratio of BC/AB in price is in the 90-100 

percentile range. The heat maps do not demonstrate 

any large difference between the strategies with 10 

and 20 pips. There is no significant difference between 

Bullish and Bearish, which corresponds to the results 

presented in Table 1 and 2. 

For both average return and win rate the lower left 

corner has no trades. This is due to the fact that no 

trades fulfilled the imposed requirements in this area. 

RESULTS & ANALYSIS
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Exhibit 16: 90-110, Strategy 1, Bullish, avg return. Exhibit 17: 90-110, Strategy 1, Bullish, win rate.

Exhibit 18: 90-110, Strategy 1, Bearish, avg return. Exhibit 19: 90-110, Strategy 1, Bearish, win rate.

Exhibit 20: 90-110, Strategy 2, Bullish, avg return. Exhibit 21: 90-110, Strategy 2, Bullish, win rate.

Exhibit 22: 90-110, Strategy 2, Bearish, avg return. Exhibit 23: 90-110, Strategy 2, Bearish, win rate.

RESULTS & ANALYSIS
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Exhibit 24: 90-110, Strategy 3, Bullish, avg return. Exhibit 25: 90-110, Strategy 3, Bullish, win rate.

Exhibit 26: 90-110, Strategy 3, Bearish, avg return. Exhibit 27: 90-110, Strategy 3, Bearish, win rate.

In the same manner as the BC property distributions, 

Exhibits 4-15  show average return (even-numbered) 

and win rate (odd-numbered) for different AD 

properties, namely AD legs’ length in bars and pips. 

Likewise, the heat maps can be used to determine if 

certain properties of AD leg could indicate if a position 

taken results in a successful trade. 

The average return heat maps seemingly cluster in a 

vertical band around AD in pips between 0-30, 

although displaying alternating positive and negative 

returns. There is also a sparse horizontal band of 

trades shown across the top of each heatmap for all 

strategies, although appearing less prominently than 

the vertical band. The alternating signs of returns 

results in no distinguished area suggesting favorable 

trades; however, the upper-left corner of the 

heat-maps provides an area of less volatile trades 

compared to its surroundings. This is especially 

apparent for Strategy 1. 

The win rate heat maps seems to same distribution as 

the average return heat maps, with a win rate closer 

to 50% in the same upper-left corner. The vertical 

band appears very volatile, however getting less 

volatile at the shorter AD becomes in bars. The 

horizontal band at the top of the heat maps appears 

to have a consistent win rate above 50%, however the 

sparse distribution suggests that very few of these 

patterns occur.

Upon evaluating the distributions of the patterns, it 

seems as if pattern are either shorter in pips and 

longer in bars, vice versa, or short in pips and bars. 

Any pattern-detector and trading strategy would 

therefore need to operate in a high-frequency 

manner, focusing on the small price fluctuations when 

put to practice. 

RESULTS & ANALYSIS



10LINC, Research & Analysis | See disclaimer at the end

 

Exhibit 28: 90-110, Strategy 1, Bullish 
BC Relative Frequency

Exhibit 30: 90-110, Strategy 1, Bearish 
BC Relative Frequency

Exhibit 29: 90-110, Strategy 1, Bullish 
AD Relative Frequency

Exhibit 31: 90-110, Strategy 1, Bearish 
AD Relative Frequency

Exhibit 32: 90-110, Strategy 2, Bullish 
BC Relative Frequency

Exhibit 34: 90-110, Strategy 2, Bearish 
BC Relative Frequency

Exhibit 33: 90-110, Strategy 2, Bullish 
AD Relative Frequency

Exhibit 35: 90-110, Strategy 2, Bearish 
AD Relative Frequency

RESULTS & ANALYSIS
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The relative frequency of the properties of the BC and 

AD legs are displayed in Exhibits 28-39. Upon 

inspection, it is evident that the distribution of the 

properties are heavily skewed for both the BC and AD 

legs for all strategies, bullish and bearish 

independently. The majority of detected impulses have 

BC legs in bars less than 5, and with BC/AB ratios 

generally nearing 100%. As for the AD distributions, 

the far majority of patterns have AD in pips less than 

10 and AD in bars less than 15. Combining these 

observations suggests that the most common impulse 

is short in time, and very zig-zag since price correction 

from B to C generally has the same length as from A to 

B. The ABCD pattern can therefore be seen as a 

consolidation, with the price reversal being seen as a 

breakout. 

Another reason BC is generally short in bars could be 

due to the algorithmic bias for shorter patterns. The 

algorithm is developed such that it records the first 

Exhibit 38: 90-110, Strategy 3, Bearish 
BC Relative Frequency

Exhibit 39: 90-110, Strategy 3, Bearish 
AD Relative Frequency

Exhibit 36: 90-110, Strategy 3, Bullish 
BC Relative Frequency

Exhibit 37: 90-110, Strategy 3, Bullish 
AD Relative Frequency

detected patterns, removing all duplicates holding the 

same indices. Since the algorithm searches for 

potential points iteratively by the index, it is more 

likely to record successive points closer to the 

subsequent points of the pattern. 

Reflecting back to the BC and AD distributions for 

average return and win rate, it appears that the areas 

with more detected patterns were also characterized 

by instability. This suggests that the very unstable 

areas were in fact areas with few detected impulses, 

rather than impulses demonstrated consistently 

dramatic returns. 

For Strategy 1, the BC and AB properties with higher 

frequencies seemingly tend to have a win rate above 

50% as well as a small but consistent positive return. 

Further on, we use these observations in our attempt 

to build a pattern detector that yields higher returns. 

RESULTS & ANALYSIS
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Table 3: Result Comparison between patterns with CD:AB Ratio outside (complement) and inside (exclusive) 90-110%

The set of patterns detected with AB:CD ratios 

between 90-110% are a subset of the patterns 

detected with AB:CD ratios between  80-120%, 

trivially. To analyze how the patterns outside the 

90-110% range but inside the 80-120%  range perform, 

these patterns were filtered out and compared  to the 

patterns of the 90-110% range. We denote those 

patterns with AC:CD ratios exclusively inside the 

90-110% range Exclusive, whilst we denote the 

patterns outside this range but inside the 80-120% 

range Complements. In Table 3, a result comparison is 

shown between the Exclusive and Complement 

patterns. The Exclusive average return relative to the 

Complement’s average return is larger for each 

corresponding strategy and signal type, except for 

Strategy 1 Bearish. This indicates that the patterns 

which generate better average return are the patterns 

whose CD’s length is closer to AB’s length, i.e. a more 

perfect impulse since Gartley proposed that AB=CD in 

length. Moreover, Table 3 show that Exclusive’s and 

Complement’s win rate for each corresponding 

strategy and signal type appears almost the same. 

From Table 1 we found that patterns with AB:CD ratios 

within the 80-120% interval had better average return 

than 90-110% patterns. 

This seems counter-intuitive, since in Table 3 indicates 

that Exclusive patterns performed better than 

Complement patterns. The reason for this may lie in 

the algorithm. 

Theoretically, the exact same patterns found in the 

Exclusive range should also be found in the 80-120% 

range, given the same interval. The algorithm, 

however,  is developed in such a way that it records 

the first detected pattern, ignoring all 

potentially-existing overlapping patterns and 

duplicates. This results in bias for less perfect patterns, 

i.e. patterns with AB:CD ratios further from 100%, in 

the pattern-detecting algorithm for 80-120%. The 

superior average return of the 80-120% in Table 1 

remains unclear.

The number of detected Complement patterns is  

approximately half of the detected Exclusive patterns. 

This suggests that the market indeed behaves 

harmonically, since Exclusive patterns closer to the 

theoretically perfect ABCD pattern occur more often 

than those with a border interval of AB:CD. 

Lastly, Strategy 1 showed exceptional win-rates, 

nearing 60% for both bullish and bearish patterns.

RESULTS & ANALYSIS
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DISCUSSION

is affected negatively by holding the position for 20 
pips as opposed to 10 pips.  A potential explanation to 
this can be that the alleged price reversal has more 
time to diminish when the position is held 20 pips. 

Moreover, the most frequently occurring patterns 
were located in the same area as the patterns with 
small and stable returns. The returns were minimal, 
but appear in areas with many patterns which indicate 
some significance. The most profitable returns were 
scattered alongside the most unprofitable trades 
which made it more difficult to find the indicators of a 
successful trade and fewer patterns were detected in 
this area. The result of the backtest showed that the 
total average return of the unfiltered data was only 
outperformed by the total average return for the Filter 
2 when Strategy 2 and 3 were implemented. 

The unfiltered impulse’s total average return 
outperformed the Filter 2 and Filter 3 average return. 
The filters applied did not increase the total average 
return substantially compared to unfiltered data 
across all strategies. A reason for this could be that 
the filters were applied where a majority of impulses 
were found  and not where significant large average 
return could be found. This was because the average 
return was mostly positive, however small, in this 
areas of the heat maps. 

Table 4. Result of the backtest for unfiltered and filtered, with CD length 80-120% of AB.

The analysis found indications that the following 
properties of patterns display small but consistent 
returns as well as win-rates above 50%:

• Shorter length of BC in bars and a AB:CD ratio in 
price closer to 100% 

• Shorter length of AD in bars and pip

In an attempt to validate the observations made in the 
analysis, a backtest was made on the singular 
currency pair EUR/USD since harmonic patterns had 
been found consistently across all currency pairs 
tested. The backtest was performed from 17-10-2014 
to 17-10-2017 with the AB:CD interval of 80-120%. 
The backtest consisted of detecting patterns on the 
aforementioned dataset and filtering in such a way 
that we are left with patterns that perform optimally. 

The following three filters were implemented:
1. BC must be smaller or equal to 8 in bars and must 

be bigger or equal to 80% AB in price
2. AD must be smaller than or equal to 30 in bars 

and pips
3. First and second filters applied simultaneously.

These filters were  independently back-tested and 
compared to the unfiltered pattern detector. Overall, 
it appears as if Strategy 3 performed better than 
Strategy 2 at multiple instances. The average return
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The result of the trading algorithm gives further evidence that harmonic patterns exist on the FX market since they 
are persistent across several different currency pairs. The indicators of a successful trade using the harmonic 
patterns, however, are not as easily distinguishable as there has been no identifiable strategy, signal type or AB:CD 
ratio range that has performed significantly better consistently across all currency pairs. The filters applied on the 
back tested data set did not result in any significant improvements, concluding that the filtering technique was 
unsuccessful in extracting the most profitable trades.

On a positive note, the win rate for all six currency pairs, and the two different AB:CD ratio ranges was 50% or 
above. The average return per trade was above zero for all strategies except one and both CD:AB ratio ranges in the 
merged results of all the currency pairs. Unfortunately, no correlation was found between the return of a pattern 
and whether or not the pattern appeared above or below the opening price of the corresponding trading day. The 
actual utility of the pattern could be further analyzed to investigate whether the price reversal is imminent in such 
a way that it agrees with theory. Further filtering can be done in order to distinguish the patterns which actually 
experience a price reversal from those who do not. Additionally, the run time of the current algorithm could be 
drastically reduced in order to be applied to real time trading.

CONCLUSION
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APPENDIX

Appendix 1. Table of results when CD interval is 90-110% of AB for the time period 22-10-2017  to 17-10-2020.
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Appendix 2. Table of results when CD interval is 80-120% of AB for the time period 22-10-2017  to 17-10-2020.

APPENDIX
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