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Abstract: The paper is aimed at commodity price forecasigigg a numerical solution of the Cauchy initiadgem for
the 1st order ordinary differential equation. Tguice significant forecasting improvement, the idéghe modification
of the initial condition value was realized. By hayanalysed the forecasting success of deterntineterical models,
it was found out that commodity price evolutioneatid the accuracy of the price forecasting. Tlselake percentage
prognoses errors were usually lower at a stabte pncrease and when price fluctuation appeareetefére, prognoses
calculated without changing initial condition valvere satisfying. Within significant changes in grice evolution and
at a rapid price increase, the prognoses acquigeihabsolute percentage errors. That causedcmegl#he initial
condition value by the nearest stock exchange. i@enthis strategy, the following calculated prog@® got closer to
the forecast stock exchanges and price forecastogme more advantageous with respect to the qoigse.

1 Introduction on the numerical solution of the Cauchy initial ideam for

Mathematical modelling is one part of the commodityhe 1st order ordinary differential equations [B}-TThe
price forecasting and contributes to developingnbey monthly averages of the daily closing aluminiumces
branches of solvability of these still current geshs “Cash Seller & Settlement price” presented on tiwedon
[1-4]. In mathematical models forecasting the rwioa the Metal Exchange (LME) were worked on [16]. As can be
commodity exchanges, the statistical methods atenof S€en in Figure 1, the price movements of the aluumin

used [5-11]. Our prognostic numerical models wergedl Prices on LME (in US dollars per tonne) changed
dramatically within the observing period [12-15].
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Figure 1 The aluminium stock exchanges on LMEénytrars 2003 — 2006 [12-15]
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2 Mathematical models The 1* step: Approximation of the values-the values of
Let us consider the Cauchy initial problem in thenf ~ the approximation term were approximated by thetiea
y=ay Y(X)=Ye- (1) Squares method. The exponential function in thenfor

y=a3,e® was used. Let us consider two different
The particular solution of the problem (1) isie florm  variants, variant B and variant E (see Figure 2 and
y = ke**, wherek = y, e"®% . The price prognoses were Figure 3).
created by the following steps (more details in152):

2®m 3.m 4.® P ™ a.pP aPr 11.P

114

! I
I I
I I
914 I
I 1 I I I I I I 1 I ] I
| | |

] | I 1 | I | 1
| 1 | | | [ I | I | I | |

Jan-03 Ape-03  ful0s Oet-08 Jon-04 Apr-04 Jul-04 Ceol-0f Fan-05 Apr-08F ful-05 Oet-05 Jan-06 Apr-06 Jul-06
Figure 2 Variant B (A — approximation term,P —doasting term) [12-15]

ZF 4r B.P 12." TP 20.F 2P 24P
2F o.F 7P 2P 1MP13P 15P17.P 19P 23.P 25.R

1

]

1

1
1 13.A

Jan-if Apr-08 gl g8 Oct-08 Jen-04 Apr-04 Jul-0f Ocl-04 Jan-05 Apr-08 Jul-6F Oet-05 Jan-08 Apr-06 Jul-06
Figure 3 Variant E (A — approximation term,P —doasting term) [12-15]

The 2 step: Formulating the Cauchy initial problem— (%, )
according to the acquired approximation funciign these formulae V= f'(x,y)
the Cauchy initial problem (1) was written in tleerf F0x v )= f"(x v F(x v

yeay v =Y. @ Qb e gy -0
wherex, =i is the last month of the approximation term, -y ve

Y; is the stock exchange in the month The prognoses within six month following the end of

the approximation term were determined. The daily
The 39 step: Computing the prognoses the formulated prognoses in trading days were calculated by chosen
Cauchy initial problem (2) was solved by the nume@ri numerical method. Their arithmetic mean served for
method [17]. The method uses the following numéricainding the monthly prognosis in each month of the

formulae forecasting term (for more details see [12-15])t us
X =% +h, determine  the absolute  percentage error  [18],
_ % vh _ —Y
Yin =Y; +bh+Qe (e 1)- || :u 100%, where y, was calculated
for i=123..., where h=x,, —x, is the constant size Ys

step. The unknown coefficients are calculated bgmeef Prognosis, andYs; was the real stock exchange
in the monthx, . The price prognosig is acceptable in
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practice, if| ps| <10%. Otherwise, it is named the critical Us similar results as the original model [15]. Tigprove

the forecasting results, the idea of a replacirgitlitial
To compare the accuracy of the .. -
condition value by aluminium stock exchange was

realized. The initial condition value in the moniy,,
s= 12,345, was changed either bythe calculated
monthly prognosisy;,, or by the stock exchange in the

month when the absolute percentage prognosis error
. . _ . exceeded the chosen 7 %. Let us named the moitificat
Let_ us consider three different numerical mOdean of the initial condition value by the chosen stesichange
the original model, the monthly prognoses in thethe o e ‘initial condition drift [12-15]. In the folving
Xiss, fOr s =1,2,...,6, were obtained by solving Cauchyfg s critical values are red. If the prognosias not
initial problem (2) without changing the initial edition  critical value, but its absolute percentage erras greater
value. Although the prognoses obtained by the waigi than 7 %, then that is blue. The prognoses witlabiselute
model were steeper increasing, the forecasting meds percentage error less than 7 % are black.
sufficient to accommodate to a steep stable inereas
decrease. Also the changes in the price movemanted
higher forecasting inaccuracies [19]herefore, we were
interested in possibilities how to improve the t@sting
results by modification of this model. The influenaf the
initial condition value’s change to the forecastaoguracy B
was observed.

forecasting value.
forecasting of all forecasting terms, the mean kibso

t
> Ip|

percentage error (MAPEﬁz% was determined

[18], where, in our numerical prognostic models,6.

3 Result and discussion
3.1 The success of numerical models at
commodity price forecasting
Within the considered 36 forecasting terms of vaga
and E, the success of the determined modelstwdigd.
Consider the modified model, the initial conditionFOr each foreca_stmg term, the most succ_essful rioahe
model was defined [15]. The forecasting success of

value in the montfx;,; for s= 12,34,5 was replaced determined mathematical models within forecastergs
by calculated monthly prognosig,, . This strategy gave js visible in Table 1.

Table 1 The success rate of determined mathematicdéls

The original model | The modified model _Th_e mod_e_l using
initial condition drifi
Variant B 5 1 6
Variant E 8 4 18
Total 13 5 24

The results show the forecasting by the model usirtgo small. Within problematic forecasting termsedé
initial condition drift as the most accurate, esale models were such inaccurate that the initial comaidrift
in variant E. This model acquired the lowest MARELD occurred. The change of the initial condition vahyethe
forecasting terms. In four of them, we obtained $htne nearest stock exchanges got calculated prognosssr ¢b
results by the model using initial condition defitd the the real stock exchanges and significantly improved
modified model. The original model was the mostadle forecasting results [12-15].
for 12 forecasting terms. In one forecasting term, Let analyze the forecasting success of determined
forecasting results were the same for all chosetetso models within different price evolution. The foretiag
Comparing the values of prognoses obtained by therms of variants B and E were divided into growujith
original and the modified models, we have foundtbat the same type of the price course. Within thesepmgothe
the prognoses determined by the original model faster success of determined models were studied. For each
changing than prognoses calculated in the modifiedel. forecasting term, the model with the lowest MAPEswa
Therefore prognoses of the original model were lysuafound. The forecasting success of determined
more accurate than prognoses of the modified md&¢l mathematical models is visible in Table 2 and T&ble
The differences between these two numerical motets
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Table 2 Distribution of the number of forecastiegs in groups of price movement - variant B

The model using initia
condition drif

The original model | The modified model

Stable price increa 2 0 1
Significant fluctuatiol 3 1 1
Price decline following

o 0 0 2
the price increa:
Price increase following 0 0 2

the price declir

Table 3 Distribution of the number of forecastiegs in groups of price movement - variant E

The model using
initial condition drift

The original model | The modified model

Stable price increa 3 0 0

Significant fluctuatiol 4 3 5

Price decline following
the price increa:

Price increase following
the price declir

The tables show that the model using initial caadit price decline was captured and a significant impnosnt
drift was the most advantageous in both varians&E in the forecasting was obtained. MAPE of the fosticg
when changes in the price course appeared. Withiitca term obtained by the model using initial conditidrift
fluctuation, the initial condition drift was not vedys decreased from 12,55 % (the modified model) to 496
suitable. The most successful was model with theest (variant B) and from 12,63 % (the modified model)
prognoses to the changing values of the stock exd® to 4,94 % (variant E). MAPE for the original modehs
Steeply increasing prognoses of the original medale 14,45 % (variant B) and 14,6 % (variant E) dueighér
the most accurate within a stable price increase. increased prognoses which were inappropriate wtoek s

exchanges decreased.
3.2 Theforecasting success of the most accurate
moded Price

The model using initial condition drift was usuathe
most successful especially within significant chesgn
price evolution and at a steep price increase.

» steep price decline following the price increase

Within these periods, the price decrease we ” =
significant. The approximation terms with a pricerease 2100 o %
belonged to the observed forecasting terms. Thexgefioe &
approximation functions and calculated prognosesewe 2000 | &
increasing too. Thus, forecasting by both the naband
the modified models was not able to accommodata to 1900 »
steep decline of the stock exchanges. The forecpsti *
without changing the initial condition value by thack gy
exchange failed. The absolute percentage progeoses * o m O
were higher and caused the initial condition dif,13]. 1760 x

Within the periodApril 2005 — September 20QSee
[12] and Figure 4) the forecasting without using thitial
condition drift failed. The prognosis in month withe i P &
highest decline (May 2005) was the most inaccurat Yo Yo Ca o ®4 o
Because the absolute percentage prognosis erreeded ‘ ' ’

7 %, the initial condition drift occurred. Usingiftir the Figure 4 The forecasting by numerical models withpril
2005 — September 20Q&riant E)

Stock exchanges

The original model

The modified model

The model using initial condition drift

Opr o =

2200

>0
1
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» steep price increase following the price decline

Within the periodOctober 2003 — March 2006ee

Due to decreasing stock exhanges in the correspgndiFigure 6), the forecasting failed in the third noof the
approximation terms, the approximation functionsl haperiod (December 2003). Using the initial conditatnift,
either slowly increasing course or they could benev all critical forecasting values in the observedigubmere
decreasing. Thus, the calculated prognoses at ep steliminated. The MAPE decreased from 9,44 %

increase were highly inaccurate. The initial canditdrift
was necessary for putting the prognoses neareisteep
price increase [12,13].

(the modified model) to 4,98 % (the model usindianhi
condition drift) [12]. Larger values of the progess
acquired by the original model improved forecasting

Within the periodSeptember 2005 — February 2006results in comparison with the modified model. Bire

(see Figure 5), the initial condition drift was ooed in the

month with a steeper increase of the stock exchangreasing stock exchanges.

(November 2005). By changing the initial conditiaiue
by the nearest stock exchange, the forecastingablasto

accommodate to a steep price increase. The foiegast Price
improvement caused decreasing MAPE of observe

forecasting term from 12,55 % (the modified model$
% (the model using initial condition drift) [10].Sihg the
original model, due to higher increase of prognoses
obtained slightly better forecasting results thanthe
modified model (MAPE 12,48 %).

Price
e x  Stock exchanges
o The original model
4 The modified model
O The model using initial condition drift
2500
x
2400 %
2300
x O O
2200
2100
x O
2000
1900 -
B ® ®m e & a
F
1800

@ % K % % %
% % & % % %

Figure 5 The forecasting by numerical models wuithi
September 2005 — February 20@@riant E)

» steep stable price increase

increase of prognoses was not sufficient to catebpty
Thus MAPE of this
forecasting term using the original model was 802

% Stock exchanges
¢ The original model
4 The modified model
O The model using initial condition drift
1700 = o
»®
1600 *
x O O
1500 %
x
[+]
g A
s = & £
1400

Figure 6 The forecasting by numerical models witBictober
2003 — March 2004 (variant B)

* moderate fluctuation

If moderate fluctuation occurred in forecastingrey
usually the absolute percentage prognoses erroesless
than 7 %, so the initial condition value was nplaeed by
the stock exchange. Thus, forecasting results tf te
modified model and the model using initial conditidrift
were the same [12,13]. In the case, the increastedof
forecast stock exchanges was slower than the isedaate
of stock exchanges in approximation term, moreablét

If the price increase was steep, the increase @f tWas a moderate increase of the prognoses acquirdeb

forecast stock exchanges was higher than the iserea modified model than a higher increase of the pregso
the stock exchanges within the approximation tern@btained by the original model. This situation tenseen
Therefore, the stock exchanges increased fastar tHA period April 2004 — September 2004ee Figure 7),
calculated prognoses. Thus, the absolute percentageen the most successful were both the model usitig
prognoses errors increased with time. If they ecteder condition drift and the modified model (MAPE: varieB:
%, the ininial condition drift moved the next calmted 1,70 %, variant E: 2,51 %). MAPEs for the originasdel
prognoses closer to steeply increasing stock exgsan were 3,34 % in variant B and 4,90 % in variant E.

That is a reason why the model using initial candidrift

acquired the most accurate prognoses.
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Price Stock exchanges * stable price increase

At a stable moderate price increase, usually thelate
Ths shcdified Hsdal percentage prognoses error was less than 7 % saoitilal
The model using initial condition drift condition value was not replaced by the stock exgba
Thus, the forecasting results of the model usirigain
o condition drift were the same as the results oftoelified
model [12,13]. Because of higher increase of tbgmposes
of the original model than the prognoses of the ifrextl
B model, the forecasting by the original model wasniost
o = accurate.
1700 Ig " . This situation could be visible in the peri@ttober

The original model

Opr o =

1900

1800 o

prognoses errors of the modified model were lems T,
x so the strategy of the modification of the inigaindition

™ » 2004 — March 200%see Figure 8). The absolute percentage

1600 value by the stock exchange could not improve the

forecasting results. MAPE of the forecasting teonthe
modified model and the model using initial conditidrift
was the same, 5,14 % in variant B and 5,30 % iramaE.
lyﬁ» :4{_{; 5 %, 7, § The prognoses obtained by the original model irseréa
2, "o ‘o % %g T4 faster, so for this model the lowest MAPE 3,63 %driant
B and 3,89 % in variant E was gained.

Figure 7 The forecasting by numerical models wuitspril
2004 — September 2004 (variant E) Prics

Stock exchanges
The original model

Nevertheless, the research results indicate lo !
The modified model

understanding of smart packaging, it is interesting
monitor the innovation status development accortbiripe 1
annual status change for the years 2017 and 20 x
(Figure 2), indicating a significant change in fegception
of this issue. *
Continuously for the youngest monitored age catego = x
(15-26 years), smart and active packaging isadtilactive. 1800 =
While retaining the innovation status at the saawvell the 9
impact of smart and active packaging has changed. & H
signifies the acceptance of this innovation byilalatger
percentage of consumers in this age category. @athst ;-
for this age group, this kind of innovative packepis still
attractive with clear positive impact on customers
satisfaction. The most important and interestingt sif
innovation status is in the age category 27-40 syeal
representing a significant change from the preWous

Or»ro =

The model using initial condition drift

EQ :df <) i-f. EA» f/:?

negative to the positive innovation status. It nsarder P T %
. . . - % o, “ £ G5 2N
acceptance of that kind of innovation and positivi
improvement of consumers” attitudes. Figure 8 The forecasting by numerical models witbictober
Nevertheless, the innovation status of smart packag 2004 — March 2005 (variant E)

in the age category 41 years and older is stilatieg, a

significant positive shift is seen mainly accordibg * significant price fluctuation

category 41-60 years, which means that a higher Within significant price fluctuation the most suita

percentage of customers in this age category pexsei were models that allowed placing the initial coiodit

them more positively. These changes indicate gtaduélue the nearest to the following price evolutiBy.the

learning and awareness about active and smart giagka model using initial condition drift, the initial adition

issue also by elder people. value was often replaced by the local maximal arimal
value. That was usually not suitable for the fostiog of

3.3 Theforecasting success of the original model  the following unstable price movements [12].

Faster changing prognoses favoured the originabinod ~ Within the periodJanuary 2004 — June 200&ee

especially in either a moderate stable or fluchgaprice Figure 9) fluctuating increase was occurred. Thedast
increase. stock exchanges increased faster than the stotlapges
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in the approximation term. Therefore the calculate Price
prognoses were not enough accurate and the init
condition drift was realized. The initial conditivalue was
changed by the stock exchange in the month withlloc
maximal value (the fourth month, April 2004). Sinite
price increase did not continue, the calculatedyposes
using the initial condition drift were the most dcarate.
MAPE of the forecasting term for this model was05%

Stock exchanges

The original model

The modified model

The model using initial condition drift

Or» o x

1900

[12]. Better forecasting results were obtained wiith ® x
- L - 1800 o
changing the initial condition value by the stogklgange. o
MAPE of the forecasting term was 3,72 % for th@jiol Q
model and 4,81 % for the modified model. 17 x B &
700 Q9 E
x
; g B
Price % Stock exchanges L
© The original model 1600
A The modified model
1800 O The model nsing initial condition drift
O %, % % % G
* @ 7 “, w0 Cx .
o, 4 %o 2 7
1700 . ¥ z 7 (4 7 %
. ¥ Figure 10 The forecasting by numerical modelsiwitlune
& 2004 — November 2004 (variant E)
®
= Le] A .
b g & ® °* 4  Conclusion
= By having analyzed the forecasting reasults of
determined numerical models, it was found out e
1500 evolution influenced the forecasting accuracy o€ th
models. Within the most problematic forecastingquis,
the model using initial condition drift was usualhe most
advantageous. We recommend to use this model,
: : ‘ : : especially during significant changes in the pegelution
o 4 Ay T A <, R . . e R
U Bp B, Wy S, W and at a steeper price increase. The idea of tiifioadion
(4 7 ¥ 7 “ 4

of the initial condition value by the stock exchardyring
Figure 9 The forecasting by numerical models witinuary ~ the numerical solution of the determined Cauchyiahi
2004 — June 2004 (variant E) problem, significantly improved the forecasting @ecy.
That allowed to put calculated prognoses closéneaeal
Within a moderate fluctuation increase in the mkrioprice movements and made the forecasting more atecur
June 2004 — November 20(Higure 10), the forecasting than the forecasting by either the original modelthe
was so accurate that the absolute percentage me@gnamodified model. Within price fluctuations, due &placing
errors were small and the initial condition valuaswiot the initial condition value either by the local nraal or
modified by the stock exchange. Therefore, highdocal minimal stock exchange, the initial conditidrift
increasing prognoses of the original model wereemoivas not always advantageous. Also, when the initial
accurate than the same prognoses of both the mddificondition drift did not occur, higher increasedgmoses of
model and the model using initial condition drifthich the original model were more advantageous than the
MAPE was 3,40 %. The most accurate was the originptognoses determined by the modified model. Usieg t
model with MAPE 1,59 %. most appropriate type of the mathematical modethimvi
different price evolution made price forecasting reno
accurate.
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