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Abstract. In the framework of technical analysis for algorithmic trading we introduce an original
approach to classical technical indicators. For this, we consider technical indicators as bounded
operators: this more abstract, but also more algorithmic view enables us to define in a very simple
way the no-lag versions of these tools. Delay in response is indeed a major drawback of many
classical technical indicators used in algorithmic trading, which often leads to a wrong
information. On the contrary, with the no-lag versions of the indicators that we study here, we get
better information that is closer to the instantaneous values of the securities, hence a better
expected rate of return of the trading system in which they occur. After having recalled the
definitions of weighted and exponential averages as bounded operators, we prove that the lag
possesses a fundamental property that is very useful to create no-lag versions of technical
indicators. This being done, we apply our results to a basic trading system and test it on the S&P
500 index, in order to compare the classical Elder’s impulse system with its no-lag version and the
so-called Nyquist-Elder’s impulse system: we observe on this example that the no-lag versions of
indicators lead to much more profitable systems. More precisely, the Nyquist-Elder’s impulse
system is much better than the Elder’s impulse system without lag, which is itself better than the
classical impulse system: the information given by Nyquist-Elder’s impulse system is indeed closer
to the instantaneous value of the S&P 500 index since it has less delay than the classical impulse
system: Nyquist-Elder’s impulse system is even the closest to the instantaneous value among the
three ones. We eventually compare the profit/loss of four portfolios (a portfolio that replicates
S&P 500 index, and one for every of the three impulse systems) in order to better understand the
time dynamics of our three Elder’s impulse systems. As far as we can see, we also notice a lower
draw-down for the portfolio associated to the system using the Nyquist-Elder’s impulse system
than for the other ones, and this portfolio seems to be more resistant to bearish periods.
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Anomauin. Y cmammi npu GUKOHAHHI MEXHIUHO20 AHANIZY O ANCOPUMMIYHOL mop2ieni
npeocmasieHo opusiHaibHull nioxio 00 BUKOPUCMAKHA KIACUYHUX MEXHIYHUX IHOUKamopis. 3aons
Yb020 MexHiuHi IHOUKamopu Oyau po3enanymi K obmedceni onepamopu: ye 6itbus abcmpakmue,
ane, 600HOuAC, Oinbui aneopummiyHe nNpeOCMAsIeHHs 0036018€ OyiHce NPOCMUM CHOCOOOM
BU3HaAuamu 8epcii yux iHcmpymeHmis 6e3 3anisHeHHs. 3’AC08AHO, WO 3ani3HeHHs 3 8i0N08i00H
OMICHO € Ceplo3HUM HeOONKOM 0azamvoX KIACUYHUX MEeXHIYHUX IHOUKamopis, AKi
BUKOPUCMOBYIOMbCS 8 ANICOPUMMINHITL MOP2IGTL, WO 4acmo npu3gooums 00 HegipHoi ingopmayii.
Tlpomunesxcna cumyayis 3 gepcismu IHOUKAmMoOpPie 6e3 3ani3HeHHs, SKI PO3SJSIHYMO y CIammi, Mu
ompumyemMo Oiib MOYHy IHGoOpMayito, sKka OaudiCHe 00 MUMMEGUX 3HAUEHb YIHHUX nanepis,
omoice, OYIKYEMbCA HAUKpawa penmadenbiicmy mopeogenvhoi cucmemu, 6 AKill  6OHU
sycmpivaiomuca. 1licia moeo, AK HA6E0eHO 8USHAYEHHS 36ANCEHUX | eKCNOHEHYILIHUX cepeoHix K
00MediceHux onepamopis, 008e0eHo, Wo 3aMpUMKA MA€ DYHOAMEHMANLHY 1ACUBICTNb, AKA
Oydice KOpUCHA OJid CMBOPEHHs 8epcill MeXHIYHUX iHoukamopie 6e3 sanisHenHs. Ompumani
pe3yrbmamu  3acmocosani 00 6a3080i MOp206enbHOI cucmemu I NPOMeCmoBaHi HA IHOeKCi
S&P 500, wob nopisnamu knacuuny imnyascHy cucmemy Endepa 3 ii éepciero Oe3z sanisHenHs i
maxk 36amoro imnyavcHo cucmemoro Haiikgicma-Enoepa. Lleii npukiad intocmpye, wo eepcii
iHOUKamopie 6e3 3ani3HeHHs NpPu3800ameb 00 Habazamo Oinbwl npudymrosux cucmem. Touniwe,
imnynocnha cucmema Haiikeucma-Endepa nabazamo xpawe, Hidxc imnynbcna cucmema 0e3
3ani3HeHHs, A MAKOXHC KIACUUHA IMIYILCHA cucmema. iHghopmayisa, wo HA0acmvcs iMnyibCHOIO
cucmemoio Haiikgicma-Endepa, oiticno 6Oaudicue 0o mummegoeo 3uauenus S&P 500 inoexcy,
OCKINbKU GIH MA€E MEHWLy 3ampUuMKy, HIdC KIACUYHA IMNYIbCHA CUCMEMA: IMNYIbCHA CUCMEMA
Haiixeucma-Enoepa nasimv Haubinouws 61u3bka i3 mpbox 00 MUMMEBO20 3HAYEHHS. 3peumoro,
0y10 NOPIBHAHO NPUOYMOK/36UMOK YOMupbLox nopmaenie (nopmeens, sxuti konioe indexc S&P
500, i no 0OHOMY 0N KOJHCHOT I3 MPLOX IMAYILCHUX CUCHeM), Wob Kpalje 3p03VMImu mumydacogy
OUHamiKy Hawux mpvox imnyrscHux cucmem Endepa. Ilposedene Oocniodcenus 0036011€
ompumamu pesyiomam, AKUU IIOCMpye MeHute RpOociOanus 0 nopmens, no6 a3aHo20 3
CUCMEMOI10, WO BUKOPUCIOBYE IMNYIbCHY cucmemy Hatikeucma-Endepa, nigc ons inwiux, i yeu
nopmebens 30aemuvcs Oinb CMITIKUM 00 8eOMeNHCUX nepioois.

Knruosi cnoea: odomediceni onepamopu, mexwiyni iHOUKamopu 6e3 3ampumKu,; aieopummiyHad
mop2iens.
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CUJIA TEXHUYECKUX UHIANKATOPOB BE3 3AITA3/IBIBAHU S
B AJITOPUTMHUYECKOM TOPT'OBJIE
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Annomayun. B cmamve npu 6vinoiHeHuu MexHUYECKO20 AHAIU3A Ol  ANOPUMMUYECKOU
mopeoeiu NpedCmasieH OPUSUHATbHBIL NOOX00 K UCHOJb308AHUID KIACCUYECKUX MEXHUYECKUX
UHOUKAmMOpPo8. [{st 9mo20 mexHuuecKue UHOUKAmopwvl ObLIU PACCMOMPEHbl KAK 02PAHUYEHHble
onepamopul: 3mo 6o0iee abCcMpakmuoe, HO, 6 MO Jice 8pems, 0ojee aroOpUMMUYEcKoe
npeocmagienue no38oisiem  0080JbHO NPOCMbIM — CHOCOOOM — ONpedeisimb  6epCull  Mux
uncmpymenmog be3 3anazovieanusi. Onpedeneno, 4ymo 3ana3obléanue ¢ OMEemom OelcmeumenrbHoO
AGNAEMCA  CEPLE3HbIM ~ HEOOCMAMKOM MHO2UX — KAACCUYECKUX MEXHUYECKUX UHOUKAMOPO8,
UCNONB3YeMbIX 8 ANCOPUMMUYECKOU MOP206ie, YMO 4dCno NPUBOOUM K He8epHOU UHGOpMAyUU.
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IIpomusononodxcnaa cumyayusi ¢ GepcusimMu UHOUKAMOpo8 0e3 3anazovleanus, KOmopwvle
paccmompenvl 8 cmamve, Mbl NOAyHaem 0Oonee MOUHYIO UHpoOpMayuio, Komopas Onudxce K
MEHOBEHHBIM 3HAYEHUAM YEHHBIX Oymae, Cle008amenbHo, 0XCUOAemcs IyYuas peHmadeibHOCmy
Mopeoeotl cucmemvl, ¢ KOMopol oHu ecmpeyaromca. Ilocie moeo, kax npusedeHo onpeoeneHue
B36CUIEHHBIX U IKCHOHEHYUATLHBIX CPEOHUX KAK OZPAHUYEHHBIX ONepamopos, OOKA3AHO, UYmO
3a0epoicka umeem QyHOAMenmanbHoe C8OUCHE0, KOMOopoe OYeHb NONe3HO Ol CO30aHUs 8epCuill
MeXHUYecKux uHOUKamopos bes sanasovieanus. Ilonyuennvie pe3yniomamol npumeHeHvl K 6a3060i
mopeosou cucmeme u npomecmupogansvl Ha unoexce S&P 500, umobvl cpasHums Kiaccuieckyro
UMNYTLCHYIO cucmemy Dndepa ¢ ee gepcueli He3 3anazobléanus U Max HA3bI8AEMOll UMNYTbCHOU
cucmemoti Haiikeucma-Onoepa. dmom npumep uanocmpupyem, 4mo 6epcu UHOUKamopos ez
3anazovleanuss npueooAm K 20pazoo bOonee npubblivhbiM cucmemam. Tounee, uUMNYIbCHAA
cucmema Hatikeucma-Onodepa HamMHo20 aydule, Yem UMNYIbCHAA cucmema 6e3 3ana3obieanus, d
Makoce KIACCUYeCKas UMNYIbCHASL CUCEMA: UHGOpMayus, NpeOOCmAaBAeMds UMNYIbCHOI
cucmemoti Hatikeucma-DOnoepa, Oeticmeumensvno 6audice k meHogeHHomy 3naueruro S&P 500
UHOEKCA, NOCKOIbKY OH UMEen MEHbULYI0 3A0ePAHCKY, HeM KIACCUYECKAs UMRYIbCHAA CUCIeMA:
umnynvcHas cucmema Haiikeucma-Dndepa oadice naubonee Oauska uz mpex K MSHOBEHHOMY
3HayeHuro. B koweunom wumoce, 6vLI0 NpogedeHo cpagHeHue NPUOLLIU/YOLIMKA Yemblpex
nopmeeneii (nopmeens, xomopwiti konupyem uroexc S&P 500, u no ooHomy 011 Kaxcoou u3
mpex UMNHYTbCHBIX CUcmem), 4moOvl ayuuie NOHAML BPEMEHHYIO OUHAMUKY HAWUX Mmpex
umMnynocuvix cucmem Inoepa. I[Iposedennoe ucciedoganue no360.5em NOIYYUMb pPe3yIbmam,
KOMOPUIll  ULTIOCHPUPYem MeHbUYIo Npocaoky Oas Nopmeens, CeA3aHHO20 ¢ CUCHEMOL,
ucnoav3yrowel umnyavcuyio cucmemy Haiikeucma-Onodepa, wem ons opyeux, u smom nopmghenn
Kaxcemcs 6onee YCmouiugbim K MeO8elCbUM nepuooam.

Knrwuesvie cnosa: OcpAaHU4Y€eHHble onepamopsvl, mexHuiecKue MHOuKamOPbl be3 3ana30bzeanuﬂ;
ajieopummudecKas mopecoeis.

JEL classification: C600; C630; G110; G150; G170
DOI: https://doi.org/10.33987/vsed.1(76).2021.90-99

1. Introduction and organization of the paper

Delay in response is a major drawback of many classical technical indicators used in
algorithmic trading, and this often leads to useless or wrong information. The aim of this
paper is to define as operators some of these classical indicators, in order to give and
study their no-lag versions: these no-lag versions provide better information that is closer
to the instantaneous values of the securities, hence a better rate of return of the trading
system in which they occur.

The first section of the article will be devoted to the study of the lag of a weighted
moving average and to the presentation of its fundamental property; we will also make
use of Nyquist criterium. These results will enable us to give no-lag versions of well-
known indicators that we will compare through a very simple example of trading system:
this example will show the power of no-lag indicators.

For any security, we denote by x = (x,, x4, x5, ...) the bounded sequence that consists of
its prices at times t,, t;, t,, ... For example, we may consider the daily or monthly prices
of this security. We also denote by 7 the difference between two consecutive time
measures, i.e. T =t, — t,_1.
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2. Lag of a weighted moving average
2.1. Weighted and exponential averages
The weighted moving average with p periods and the weights w = (Wo' Wi, ..., Wp—l) is
the bounded operator M,, defined, for every price series x, by M,, (x) = y, where
Yn = WoXn_ps1 + WiXnpiz + o+ Wp_1 X
We can also define M2 = M,, o M,, and M¥ = M,, o M,, o ...o M,, for every positive
integer k.

When we want to give more importance to the most recent prices, we usually use
exponential moving averages, which are bounded operators defined as follows: for a
between 0 and 1, we set E,(x) = y, with y, = x,, and, for every positive integer n,

Yn = QXp + 1- a))’n—l-
If a has the form 1)2?, we denote the exponential moving average by E,, and we call p the
number of periods of E,.

2.2. The fundamental property of the lag

Here, we shall use some results obtained by Patrick Mulloy in the article [8] (see also
[2; 4]). The lag of the weighted moving average M, is defined by

lag(M,,) = T(Wo(p -D4+wi(p—2)+-+ wp_z).

For example, for the simple weighted moving average with p periods defined by

W_( 2 4 2p )
T \plp+ D) pp+1D) @+ 1))

its lag equals (p_;)f.

We can show that the lag of a weighted moving average possesses the following
fundamental property: the lag of agM$ + a;M,, + ---+ azM% is equal to (a; + 2a, +
-+day) X lag(M,,). In a more concise way, this means that for every polynomial Q,
we have the formula lag(Q(M,,)) = lag(M,,)Q’(1). For math lovers, the proof of this
result can be found at the end of the article.

We can now get no-lag versions of weighted moving averages: we can show that
2M,, — MZ is the only combination of M,, and M2 of the form aM,, + bMZ with
a+ b =1 whose lag is zero. We denote it by P(M,,): this no-lag weighted moving
average will be very important in the following. Let also note that 3M,, — 3M2 + M3, is
an interesting no-lag combination of degree 3.

2.3. Using Nyquist criterium

Using Nyquist criterium is another way to reduce the lag of a moving average. Here we
use some results obtained by Dirschner in his article [3] and consider two simple
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weighted moving averages M,, and M,, with respectively p; and p, periods: their
weights are thus defined by

( 2 4 2pq )
W = ) ) ) )
! P1 (P12+ 1 P1(P14+ 1) p1(py +1)

b2 )
w, = , )
2 (pz (P2 +1) pa(p2 + 1) p2(p, + 1)

| — X
d, )
)
I‘.’ d y(2)
2
a2 /

Fig. 1. Nyquist criterium (a Pl 1_1)

p2-1 I,
Source: developed by the author from article [3]
We set a = gl—_i. Then, the Nyquist moving average with periods p;, p, is the bounded
-
operator defined by

Np.p, = A1+ OM,, —aM,, oM, .
In order to satisfy stability Nyquist criterium, the numbers p; and p, must verify the
inequality p; = 2 p,.
3. Technical indicators without lag

Here, we make use of the results of previous section in order to define technical
indicators “without lag”. We begin with the exponential moving average and the MACD,
and then we use these tools for Elder’s impulse system.

3.1. MACD without lag

Let us recall the definition of the MACD (moving average convergence divergence)
introduced by Gerald Appel in 1979 in his financial newsletter “Systems and Forecasts”
and presented in his book [1]: first we set MACD = E; — E¢, then MACDS = Eqg o
MACD (the average series of MACD) and MACDH = MACD — MACDS (the divergence
series).
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Now, for any parameter a between 0 and 1, the exponential moving average without lag
is defined by E,,,; = P(E,). Then, we can define the MACD without lag by replacing
every exponential moving average by its no-lag version: first we set MACD,,; = Eq5 1 —
Eyewi and MACDS,,, = Eqg,, © MACD,,, (the average series of MACD,,;), and
MACDH,,; = MACD,,; — MACDS,,; (the divergence series). These three operators are
bounded operators.

In the same way, the Nyquist-MACD can be defined by replacing every exponential
moving average by a Nyquist moving average: first we set MACDy = Ny; 3 — Nog 6, then
MACDSy = Ng3 o MACDy (the average series of MACDy), and finally MACDHy =
MACDy — MACDS, (the divergence series). Here again, these three operators are
bounded operators.

3.2. Elder’s impulse system without lag

By using the exponential moving average without lag and the MACD without lag, we can
give a “no-lag version” of Elder’s impulse system.

Let us first recall the definition of the impulse system introduced by Alexander Elder in
his best-seller [5]: this technical indicator can be seen in an algorithmic way as an
operator that associates to every time t,, t4, t, ..., a color that depends on the price series
of the security. The chosen colors are red, green, blue, and they are respectively denoted
by “R”, “G” and “B”.

We give the algorithmic definition of Elder’s impulse system above, and we define its
“no-lag version” and the so-called Nyquist-Elder’s impulse system in the box below.

Let x = (xq, x4, ... ) be the price series of a security.
- Elder’s impulse system is IS(x) = (yq, Y1, -.-), Where y, = B and forn > 1,
Y =G if E;3(x), > E12(%)y_1 and MACDH (x),, > MACDH (x),,_4
“Yp = RIfE;5 (%), < E12(x)y—q and MACDH (x),, < MACDH (x)p,_4
-y, = B else
- Elder’s impulse system without lag is 1S,,;(x) = (vo, y1, ...), Where y, = B and for
n=>1,
“Yn = G if Eqp 1 (0)n > E1pwi(X)n-1 and MACDH,, (x),, > MACDH,y; (x)5—y
“Yn = RIFE1 i ()0 < E1pwi(X)n—1 and MACDH,,; (x), < MACDH,yy (x) 51
-y, = B else
- Nyquist-Elder’s impulse system is ISy (x) = (¥o, V1, ---), Where y, = B and forn > 1,
“Yn = G if Nyp3(x)n > Niz3(x)p—q and MACDHy (x)y, > MACDHy (x)p—1
“Yn = RiF N1z 300)n < Nip3(x)n-1 and MACDHy(x), < MACDHy (x),—4
-y, = B else

Table 1. Algorithmic definitions of impulse systems
Source: developed by the author from book [5]

On the graph below we can see the three versions of Elder’s impulse system that we
defined. As we can observe it, the beginning of the downtrend (denoted by 1 on the
graph) in the index price is detected earlier by Nyquist-Elder’s impulse system than by
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the no-lag version of Elder’s impulse system, which itself detects it earlier than its
classical version.

In the same way, the beginning of the uptrend (denoted by 2 on the graph) and the
beginning of the second downtrend (denoted by 3 on the graph) are first detected by
Nyquist-Elder’s impulse system, then by the no-lag version and the classical version of
Elder’s impulse system.
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Fig. 2. Comparison of the three impulse systems
Source: developed by the author

3.3. Comparison of the three versions of Elder’s impulse system

Here we use the very simple trading system given by the following algorithm (box
Algorithm 1), in order to compare the three versions of Elder’s impulse system. This
trading system simply consists of buying (resp. short selling) 1 E-Mini S&P 500 future
when an impulse system given by a function f is green (resp. red) and selling it when this
impulse system becomes red (resp. green).

Let us mention that in this trading system, every position is automatically closed one day
before the end of the test. We use x = (xq, x4, ...) the daily price series of the S&P 500
index during the time period from 2017-11-01 to 2018-10-31. The reader who wants to
learn more interesting information on trading systems can look at the books [7; 9].
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Algorithm
Require: x (price series), f (function)
Forn € [[0, d]]:
Longentry: if f(x), =G:
then buy 1 mini contract
Shortentry: i1 f f(x), =R:
then sell short 1 mini contract
Longexit: 1 f f(x), =R:
then sell 1 mini contract
Shortexit: 1 £ f(x), =G:
then buy 1 mini contract

Algorithm 1. Basic trading system
Source: developed by the author

The figure below eventually shows the S&P 500 index from 2017-11-01 to 2018-10-31,
with the Nyquist moving averages N, 3 (dotted line) and N 3 (solid line), the graphs of
MACDy and MACDS, with the histogram MACDH,, and the three versions of Elder’s
impulse system (from bottom to top: IS, IS,,; and ISy).

2900

2800

2700

2600

2017-11-01 2018-10-31

= LT —————————m———n

O 0 000000000 0

© L e |
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Fig. 3. S&P 500 index from 2017-11-01 to 2018-10-31
Source: developed by the author

We use the algorithm above with f = IS, f = IS,,; and f = ISy, and we assume that the
transaction cost for every entry/exit is $3. The results are given by the following table, in
which all prices are in USD. Let us note that the value of the S&P 500 index is 2 572.625
(resp. 2706.125) on 2017-11-01 (resp. 2018-10-31), hence a profit of TPI = $6 675 for

one mini contract during this period.
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f=1IS f=1Sw f=1Sy
Number of trades 27 35 52
Total net profit 13549 20489 31395
Percentage of winning trades 52% 46% 50%
Average net profit per trade 502 585 604
Total net profit of winning trades 32452 41278 49 835
(TP)
Average net profit per winning trade 2318 2580 1917
(AP)
Total net lost of losing trades (T'L) —18903 —20789 —18440
Average net lost per losing trade (AL) —1454 —1094 —709
Greatest lost between two winning —10231 —7793 —3761
trades
Total net profit of long trades 11322 10249 14930
Average net profit per long trade 755 539 515
Total net profit of short trades 2227 10240 16 465
Average net profit per short trade 186 640 716
Profit factor TP/|TL]| 1.72 1.99 2.70
Ratio AP/|AL| 1.59 2.36 2.70
Ratio TP /TPI 4.86 6.18 7.46

Tab. 2. Comparison of the three trading systems
Source: developed by the author

4. Conclusion and perspectives

Comparing on this example the three versions of Elder’s impulse system is very
instructive. Here we observe in particular that the Nyquist-Elder’s impulse system is
much better than the Elder’s impulse system without lag, which is itself better than the
classical impulse system: the information given by Nyquist-Elder’s impulse system is
indeed closer to the instantaneous value of the S&P 500 index since it has less delay than
the classical impulse system: Nyquist-Elder’s impulse system is even the closest to the
instantaneous value among the three impulse systems. Therefore, it leads to less wrong
trade setups. We can also note that the number of trades as well as the average net profit
per trade are increasing when f is respectively equal to IS, IS,,; and ISy. And the
repartition of profit among long and short trades is more uniform with IS,,; and ISy than
with IS.

In order to better understand the time dynamics of our three Elder’s impulse systems, we
consider the profit/loss of four portfolios as a function of time:

— portfolio 1 replicates S&P 500 index,

— portfolio 2 consists of profit/loss given by the algorithm above applied to f = IS,

— portfolio 3 consists of profit/loss given by the algorithm above applied to f = 1S,,;,
— portfolio 4 consists of profit/loss given by the algorithm above applied to f = ISy.

As we already noticed it, portfolio 4 is much more profitable than portfolio 3, itself better
than portfolio 2, and of course much better than portfolio 1. Portfolio 4 also possesses a
lower draw-down than the other ones, and it seems to be more resistant to bearish periods.
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—— S&P (portfolio 1)
30000 1 — IS (portfolio 2)
— |Sw (portfolio 3)
25000 1 — Sv(portfolio 4)
20000
15000 -
10000 -
5000 -
0 4
~5000 -
2017-11-01 2018-10-31

Fig. 4. Comparison of the four portfolios
Source: developed by the author

In view of the results of this example, it could be useful to study how no-lag impulse
system and Nyquist-Elder’s impulse system behave in much more elaborate trading
systems. Moreover, a statistic study could help us to determine how to adapt the
parameters in order to get the fastest response to market motion.
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Appendix. Proof of the fundamental property of the lag

For every positive integer k, we have

lag(Mk) _Tzll 0212 =0 Zlk OH] 1le(k(p—1) _iz_"'_ik),
lag(Mva/) = Zk 1TZ le =0 Zp =0 Wi, Wi, - 'Wlk(p 1- il)r
lag(le\(/) = 1TZ” ngl(p 1- ll)

since Z” o wj = 1. Hence lag(M}}) = ¥}, lag(M,,) = k lag(M,,,).
Finally, lag(Xf-o ax M)y) = Xi-o i lag(Myy) = lag(M,,) ¥t—o kay.
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