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ANALYSIS OF VERTICAL SPREAD STRATEGIES AND
SUGGESTION OF OPTIMAL ALGORITHM FOR
PRACTICAL INVESTMENT
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Abstract. Vertical Bull Spread strategy and Verlical Dear Spread strat-
egy are analysed in this paper. Profit. functions are described for all possible
ways of their creation, Conditions are provided under which particular meth-
ods are equivalent in terms of profit [unction. Based on these Lheoretical
prineiples optimal algorithm for use of Vertical Spread strategies in practical
investment is designed.
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1.1ntrodunction

Vertical Sprend strategy is strategy created by combination of long and
short position of options of the same [ype, that means either options type
Call or type Put for the same underlying asset with the same expiralion time
T. but different pricies at expiration. We shall consider the Furopen Lype of
options, thal means options that can be executed only on the expiration day.

Vertical Bull Spread strategy is used especially if mild increase of expi-
ration price of underlying asset is expecied. In case that mild decrease in
cxpiration price of underlying assct is assumed, 1t is remsonable to nse Verti-
ca] Bear Spread strategy. The advantage is that during strategy creation it
is possible to determine iniervals where the strategy will produce profit and
where loss. It is also possible to determine the level of profit and loss, while
a5 we show later, both values anc limited.

The aim of this paper is Lo find analytical expressions of profit functions
for all particular ways of strategy creation, analyse them and based on these
theoretical principles Lo design optimal algorithm for practical investiment.

2 Profit function for Vertical Bull Spread stralegy and its analy-
sl

I. Firstly, let us create Vertical Bull Spread stratogy by bumng m Call
options (long position) with lower expiration price £; and premium fhy pet
option along with selling » Call options (shart position] with higher cxpira-
tion ]}T[EE’: Io and premium pap per option, while still considering option for
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Lhe same underlying asset and same expiralion time 7. In the whole paper
we assume Lhat #) < 23, Leb us signify the strategy as VBuCC,

By buing n Call options we have gained the right (not obligation) to buy
7t pes of given underlying assentl for expiration price ; per piece at time T.
We have paid premium np;y for that right. It is obvious that if the market
price S of this underlying asset at the time T is lower than expiration price
x;, we shall not realise the option right but in opposite case we shall.

Profit function in that case is:

s e o ) PPN 8 <
Py(5) = { n(S = 1 = piw) S =1

By selling n Call options we have gained preminm npsr and we ace obliged
to sell 7 pleces of underlying assed for expiration price =y per piece at time
T, provided the buyer would like to buy the asset, that is to say, if § > &y
al time T

Profit fanction of this transaction is ed follows:

- Tk if S{.I'g
F(5) _{ —n(5 =z ~ mp) if 2= m.

Profit funclion of the whole Verlical Bull Spread strategy which was cre-
ated by mesns of Call type option is defined as sum of proft functions of

particnlar transactions. That i\

—ﬂ{j‘h.l.' —_Pgr-':l 5« n
f"f{ﬁ} = H-[S = ¥ — My -I—I?:p:l = S = I
n(rs— & —piv +ap) 5 2 @

Graph of the total profit function of Vertical Bull Spread sirategy i in
this case of the lollowing shape:
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Figure 1: Profit function P(5) for Vertical Bull Spread stratesy

Analysing profit function we obtain following statments:
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1. Bresk-event point is &, -+ x —pap. If S > @ +piy —pop, then strategy
produces profit. Maximum of profit P = iz — 2 — piv + pep) is
obtained for § > xy.

2. If 5 = my + piv — pep, then sirategy produces boss. Loss reaches its
A P = —n(py - _::u.p} if § < r; and it iz equal to difference
between accepted and paid preminm.

3. Only expiration price r; and bolh premiums have direct influence on
breade-event point. We soo that pep decreases it so it has pesitive influ-
ence.

L. Now let us create Vertical Bull Spread strategy by means of Put option
by buying n Put options (long position) with lower expiration price z; and
premium per Py oplion along with selling n Put options (short position )
with higher expiration price z; and premium &5 per option.

We again consider options upon the same underlying assel and with the
sarno expiration time T

Stralegy is signified as VBuPP.

In this case profil inction has following formula

—niEy — o + Py - FeE) if S<ax
Pu(Sl={ nlS—m+mr-Fn)  m1S5<m
n{PaF — Fin ) il 82

These stalments can be obtained analysing it:
L.

4. The break-eveni point is zy + Fiy — Pap, directly dependent on expira-
tion price 7y and both premiums, while the premium §57 has positive
influence. {decreases break-event point.)

5. It 5 = @3 + Pax — far. then strategy produces profit, with maximum
FProx = 0(Tor ~Tin) for § 2> x4

6. Il § < xs +Fiw — TP, then strategy produces loss, The loas reaches iLs
maximum Py = —n(zy — o + Finy — Far) for & < 2p.

Definition 1 Two strafegics are equivalent only & their profit functions are
idendical,

Proposition 2 Strafegy VBuC'C is egquivalent with sirateqy VBuPP just when

xy = ) + PN — P1v + Par — FoE = 0.
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Proof It follows from definition that stalegies are equivalent only if

—n{pw —Me} = —np, - T+ [N~ Barp)
ﬂ-[ﬁ“--;::;—pq.-;+mp} = R;?“Ig-ﬂ-ﬁﬁ—ﬁ}
lEy — a1 + pap — piy) = n(fr — Fra),

by simple modifieation we obtain that it is only if
L2 =T+ N — v + ar — Tap = 0,
what is condition in rroposition 1. As such, propesition 1 s prowved.

Pl‘l‘.l-pﬂ.ﬂ-]tiuﬂ 3 If.':l?:g—r| +H—P1H +P1;=—E = ﬂ_, ﬂlﬂ'ﬂ Sﬁfmﬁ'ﬂ'ﬂ FBEE;C
18 ore profitable than VEuPP strategy.

Proof From assumption of Proposition 2 we ean state thal o + gy -
Fap < Iyt Pin — Pap, 50 strategy VBuOO has lower break-event point. it is
profitable sooner). We can alsn easily state that

niEy — I + P — M) > n(pp ~ Pin)

and
—'I"i-|:$;3 - Ty + Py — EF} = - T'.'-l::ﬁ'j_ﬁ B 5'-':':-5'-".:':-

and so, Proposition 2 is proved,
Proposition 3 can be proved analogously,

Pmp'l:ﬂ"liti{lu 4 .!I_irﬂ":z— I +H—P1NT PHF_E < 0, fhen SMIEE_W FBEPP
8 more profifable than VBu(O slrategy.

3.0ptimal algorithin for use of Vertical Bull Spread strategy in
practical investmeni

When investing using Vertical Bull Spread strategy, we procesed as fol
Lo

L If 2y — 2 + oy — Pin + par — Par = 0, then VBuCO apd VBul*PP
slrategies have the same profit function. In this cuse we invest using
VBuPF strategy, because we do not need any fGnancial funds for its
creation.

2y ~m3 + PN —Piv + pop — Pap > (), then we invest using Va1
strategy.

o Iy —x) + Pi3 —Piv + par — WE < 0, then we invest using VimPP
slrategy.
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We can derive from the above-prooved propositions that this algorithm
= optimal.

4.Profit functions for Vertical Bear Spread strategy and its analy-
sis

Vertical Bear Spread strategy is obtained in similar way as Vertical Bull
Spread Strategy, bul long position expiration price is higher now than short
positon expiralion price,

II1. Firstly, let us create Vertical Bear Spread strategy by selling n Call
uptions (shorl position) with expiration price r; and preminm pyp per oplion
along with buying n pes. Call options {long position) with expiration price z,
and premium pay per option, considering options upon the same underlying
asset and the same expiration time T'. Again, it is sot that &y < 73, Strategy
is signified as VBe(C. It is possible to prove that profit function for VBeCC

strategy 1s

il P — Pan) if §<m
Fraa(8) =4 —nl5 = &y + paw — ﬂlp)_ i 2 <5 < Ty
—mf{Ts— T +mw—mp) f 523

Graph of the profit function for VBeCC strategy appears as shown above.

\-‘h + e~ Pan
T S
—nizy = =1 + pay — P1p)

¥
P
'Tﬂ[Pw —J'J":r:.::'

Figure 2: Profit function [2(S) for Vertical Bear Spread stralegy

IV. Now we shall create Vertical Bear Spread strategy by selling n Put
options {short positon] with lower expiration price &) and premium §jF per
option along with huying n Put opitons (long position) with highter expira-
tion price o3 and premium fyy per option while options are upom the same
underlying assset and within the same expiration time T Lt us signify the
strategy as VBePP. In this case the profit function is:

{ ﬂ[i‘g—Il-I-ﬁ - ﬁf{} 5 <x

Pr(8)=1{ —n(8 ~zs +Pw —Tp) IT1=5<m

n{Pir — Fan ) 8 = @y
Analogously, we can prove these propositions:
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Proposition 5 Strategies VBe('U and VBePF are equivalent just when

Ty — &) +Pp —Pip tPav —Pav =10,
Proposition 8 If & — =, + Tir — pue + pov — Tan = 0, then the VBePP
atribegy is more profitable than VBeC'C' strafegy.
Proposition T If zy — =21 +FiF ~ pip+ pav — Pan < 0, then VBeO'C sivategy
ts more profitable then VBePP strategy.

6. Optimal algorithm for use of Verical Bear Spread strategy in
practical investiment

According to above-mentioned knowledge, optimal algorithm [or use of
Vertical Bear Spread strategy in practical investment is as follows:

l. B ry—z+Fpr—me+pan —Fan = 0, then VBeCC and VBePP strategies
are equivalent in terms of profit (they have the same profit functions).
In that case we use the strategy that has lower mifial costs, while
PNypece = n{—pip + pay) and PNyp.pp = nifay — fir). Provided
Lhe initial costs are also the same, then we can use whichever method.

2. Hxy— o +0iF — e + Pav — Pan = 0, then we invest using VhePP
strategy.

A Uae—ay+Bp— p + Pav — Farr < 0, then we invest nsing Vhe(C
sirategy.
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