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Abstract:

Simulation is one of the main instruments within the financial techniques of modeling
decisions in condition of risk. The paper compares a couple of simulation methods for
Sales and their impact on the need of short term financing. For simulating the need
of working capital, the original software implementation is based on the data analysis
and statistical facilities of a common spreadsheet program. The case study aims at
proving the utility of the software for furnishing results with three of the main known
simulation methods and helping the decisional process.

Keywords: investment cycle, working capital, stochastic models, computer simula-
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1 The premises of the operative financing in condition of risk

In the contemporary society that deals with a sum of unexpected events, the knowledge
based management has to accept an uncontrollable component of the economic reality that
needs corrective and, moreover, preventive actions. The managerial decisions taken in conditions
of risk have to limit their effects to values complying with a tolerance set up in advance.

Managers have to be innovative and to find solutions that prevent the negative effects of the
unexpected events. In the context of relaunching of the economy, in the new basic economic cycle,
the main parameters have to be controlled in order to correctly assure the financial resources.
As the usual forecasting methods are based on historical data, the decision maker takes in
consideration the financial and time resources, the construction and validation of models for
the behavior of the company in crisis conditions and the particular type of activities within the
company. Forecasting the financial resources, that means a correct dimensioning of the working
capital, is a pre-condition for fulfilling the company’s short or medium time strategies. [5]

Simulation of the company’s behavior and of the needed working capital integrates the inputs
and outputs of the company’s budget. One of the main components of the budget are the Sales.
Evaluating the historical data for the Sales, the cronograma can be divided in data belonging
to the precedent cycle until the economic recession and data registered during the crisis. From
a statistical point of view, in the post-crisis economical cycle, is recommended to consider only
data before the cycle. In reality, such a simulation deals with errors due to neglecting the anti-
crisis strategies and the already implemented corrective actions. A better approach is based on
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the whole set of available historical data that includes also the present phase of relatively weak
economical increase.

2 Theoretical aspects and proper simulation instruments

2.1 Financial calculation flow

Simulating the short term financing uses a set of relatively non-complicated arithmetical
calculations. These are based on the formula for determining the cash conversion cycle, as
deducing the average time for current debts’ payment from the sum of average transformation
time of the stocks and debts in liquidity.

The need of operating working capital is calculated as the cash conversion cycle, measured
in days, multiplied by the Sales - as resulting by the different simulation methods.

2.2 Simulation methods and instruments

For a good preview of the complex economical reality, the scenarios are built-up on repeated
simulations that reflect possible values for monthly sales (x). As the literature presents many
simulation methods, the decision maker has to choose the method for simulating the monthly
sales that best fits his company [3].

The present paper deals with three modeling methods along with a user-friendly computer
implementation, using built-in and user defined spreadsheet functions:

e simulation by using the Random generation number tool;

e simulation by using the inverse of the normal cumulative distribution for the specified mean
and standard deviation;

e simulation by Monte Carlo method [6].

For the decision maker, the software implementation is almost fully automated, in the back-
ground being used the advanced tools included in the Data Analysis Tool Pack, a powerful add-in
of MS-Excel.

The technique of Random Number Generation

The Random Number Generation is the most primitive simulation model. It consists of
generating a set of random numbers based on the normal probability distribution of the simulated
variable. The repartition function can be continue or discreet, depending on the type of the
available historical data.

The Random number generator in MS Excel is a complex tool that allows the user to generate
a set of values according to a normal probability distribution, a user defined histogram or a
patterned distribution. [2]

The technique of using the inverse of the normal distribution

The technique of the reverse transformed considers for the simulated variable a probability
function f(z) and a continue repartition function F(z). A random number r € [0,1] is generated;
the simulated variable takes the value that satisfies:

Flz)=r (1)

that is x = F~1(r), (2)
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where F~1(1) is the inverse of the F(x) repartition function of the considered variable.

The RAND() spreadsheet function is used for generating normally distributed, below unit
positive numbers. These values are turned than into a set of simulated values by using the
NORMINYV (probability, average, standard deviation) function, where probability is the randomly
generated r, average refers to the average of historical data and standard deviation is the measure
of it’s variation.

The Monte Carlo technique

Monte Carlo method is similar to the statistical experiments as the characteristics of the
probability distribution are calculated on the basis of multiple random experiments. The method
is different as it is limited to a discreet probability for the simulated variable

A= ( , ) )
PL ot Pi ctPn

that depends on a continuous probability function f(z) and a continuous repartition function
F(z). However, it is also a normal distribution of positive below unit values for the simulated
variable x.

The simulation method consists of the following sequential steps:

e building-up of a histogram that reflects the probability distribution of the variable, based
on the historical data;

e simulating as many time as possible the probability of occurrence of each value for the
variable according to the histogram;

e identifying the value of the variable according to the simulated cumulative distribution [6].

The simulated probably values r are than transformed in values for the variable x satisfying
x=F"1(r), where F~1(r) is the inverse of the F(z) repartition function of the considered variable.

If applying for monthly sales, based on the simulated probability, an integrated decision
function is used:

IF(r <pr;ax;IF(r < po;xe;..; IF(r < pp—1;Tn—1;Tn)-..)) (4)

The minimum number of iterations needed for obtaining relevant results with Monte Carlo
method is given by:

n P — (5)

where 0g,es is the standard deviation, szg is the theoretic value for o confidence level and

d is the maximum admitted error for a chosen accuracy. [3]

2.3 Comparative sensitivity analysis

The comparative analysis underlines some aspects of the utility of simulation procedures in
the decisional process and the sensitivity of the results, depending on the method chosen for
building-up the sample of the simulated values.

In the context of simulating the monthly sales, on the one hand is important to calculate
some basic indicators used in the decisional process - the forecasted need of operating working
capital, the coefficient of variation and the confidence level for the forecast, and on the other
hand, statistic tests are needed for comparing the results obtained with different techniques [1].
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The need of working capital (NOWC) is the central indicator used for any analysis in condition
of risk, being calculated by weighting the Sales by the probability of occurrence of each value:

n
NOWC = Zpi - Sales; (6)
i=1
For measuring the homogeneity of the simulated time series, the coefficient of variation is
calculated:

A
%= xowe 1 ")
where A = Zpi(Salesi — NOWCQC)? - p; (8)
i=1

is the standard deviation of the need of working capital calculated on the basis of the simulated
probability distribution.
The values of the forecasted operating working capital cover a confidence interval

NOWC — Z1-2 - ONOWC < NOWCforecast < NOWC + Z1-2 * ONOWC (9)

where Z1—g are the theoretical values for the Gauss-Laplace distribution [4].

From a practical point of view, important are the two last methods. The statistical tests aims
at comparing for significant differences the values obtained by the technique of reverse transform
and the Monte Carlo simulation. A 2-test and a t-test are used.

For analyzing the impact of the simulation method, z-test is applied for the two sets of results
for forecasting the working capital. As the means of the samples are positive, the univariat test
is performed, with « confidence level and the following null hypothesis:

HO : NOWCreverse_transformed - NOWCMonte_Carlo =0 (10)

The z statistic uses the normal values 2ipeoretic = #1—a (11)

and the alternative hypothesis is:

Ha : NOWCreverse_transformed > NOWCMonte_Carlo (12)

For a normal distribution of the sample, the statistics of the test is:

(NOWCrandom_numbers - NOWCmonte_carlo) -0

Zealculated = 5 5 (13)
\/U'reve'rse_transfoemrd—i—a—]bfonte_Ca/rlo
n
having the mean : NFRETandominumbers - NFREMonteiCm‘lo (14)

and the spread of data about the mean is given by: o2 trans formed T 02 ronte Cartol4]:

The software instrument used for describing the probability distribution of the simulated
values is FREQUENCY (data_array; bin_ array) where data_ array is the array of previously
simulated monthly sales and bin_ array refers to the intervals considered for counting the occur-
rence for each value of the simulated time series.

The z-test is applied using the appropriate statistical instrument included in the Data Analysis
Tool Pack.
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3 Case study

Let’s consider "Crisis Ltd" a company that makes available data from its balance sheet for
the last financial year and financial documents for the years 2002-2011.

3.1 The financial diagnosis

The items in Figure 1 are given by the balance sheet of the company for 2011. The monthly
Sales of "Crisis Ltd" are presented in Figure 2 as data entry for the application. The chart in
Figure 3 represents the Sales, along with a linear and a polynomial approximation.

Item Rotstion rate Kineticrste Item (days cf ssles)
active passive
Raw material 40 0.50 20.00 days
Finished products 30 0.80 24.00days
Clients” debts 45 0.1 8.55days
Suppliers 80 0.9 35.40 dsys
Salaries 15 0.23 3.41 days
Other current debts 25 0.13 2.25 days
Revolving fund 5255 days
4208 days
Working capifs! 10.50 days |

Figure 1: Financial data from the balance sheet for 2011

2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 |2009 | 2010 | 2011
Janusry 3285 | 2620 | 2845 2950 | 4235 | 4285 | 4950 (5080 | 2400 | 3200
February 2132 | 2632 | 3797 | 4132 [ 2867 | 4137 | 4900 | 4800 |2000 22350
March 2163 | 2672 | 3853 | 4173 [ 23913 | 4172 | 5083 | 4750 [ 2100 | 23200
April 3212 | 23762 | 3912 | 4027 | 4082 | 4462 | 5012 |[4800 | 2200 | 3400
Msy 2128 | 2778 | 2878 [ 4198 | 3908 | 4598 | 4748 (4530 | 2350 | 2600
June 3228 | 2778 | 2883 [ 4178 | 2878 | 4878 | 4768 (4212 | 2400 | 2850
July 3539 | 3789 | 3829 | 4024 [ 2919 | 4939 | 5139 | 4000 | 2500 |4250
August 2554 | 2809 | 3844 | 4044 | 4030 | 4854 | 5104 26850 | 2800 | 4800
September | 2621 | 2821 | 2868 71 |1 4081 | 4821 | 5171 [23320 | 2000 | 4800
Ociober 3794 | 2794 | 2884 [ 4099 | 4094 | 4944 | 5119 (2840 | 2400 | 4550
Novem ber 3714 | 2729 | 4039 [ 4234 | 4124 [ 5019 | 5148 [ 2540 | 3240 | 4500
December 2527 | 2807 | 2817 | 4287 [ 4607 | 5007 | 5207 | 2650 | 2850 | 4800

Figure 2: Sales for 2002 -2011

The descriptive statistics [4] in Figure 4 shows that the company is in recession since 2008
significant changes take place in the resources involved in the production and trade flows, in the
need of operating working capital.

Considering the impact of uncertain elements on Sales’ evolution, the model explaines the
main tendency (82.20%) while the random factors are responsible for 16.43% of the Sales crono-
grama. The seasonality represents only 1.37% in the sales evolution. Applying an F-test /
ANOVA on the monthly means (Figure 5) with a null hypothesis of equal means, leads to
Fealcutated = 0.749 < Fy 95,11 = 1.887. The hypothesis of equal means is accepted and confirms
the weak influence of the seasonality.

The modeling of the sales will be based either on 360 values, representing monthly average
sales or on scenarios built on the probability distribution of sales.

The size of the sample is justified by the minimum number of iterations needed for ob-
taining relevant results with Monte Carlo method. According to (5), for ogaesri =1036.72,
a = 5%, z97.5=1.96, 2.6% tolerance, d=0.026 - 4234.71 = 110.10, the relevant sample has n> 341

values.
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y = 1E-07¢ - 2E-05¢ + 0.0012¢ + 0.0428¢ - 4.815%¢ + 120.52x + 28754 , R* = 0.7096!

y = 1.1138x + 3889.2, R? = 0.0028

Sales == =Poly. (Sales) mLinear(SaIes)]

Figure 3: Monthly Sales (chart)

Ssles
Mean 422471u.m
Standard Error S4um
Median 40268 u.m
Mode 3™4u.m
Standard Devistion 1028, 72u.m
Sample Variance 1089955 u.m
Range 4952 u.m
Minimum 2000 u.m
Maximum 6952 u.m
Sum 505674 u.m
Count 120
Confidence Level(25.0%) 187

Figure 4: Descriptive statistics for Sales (historic data)

ANOVA

Source of Varisfion S8 df MS F P-value  Ferit
Sessonality 1749625 um 1 189057 u.m 0749 6€8.8%% 1887
Trend 105124247 um 2 11681%84um 55027 000% 1978
Residusl variance 21016478 um 29 212288 u.m

Total 127200450 um 119

Figure 5: ANOVA on monthly Sales

month
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3.2 Results of the simulation with different techniques

The simulation spreadsheet is built-up on the presented theoretical basis, applying the prob-
ability distribution specific to each method. In order to emphasize the automatic calculation for
distributions and the simulated vales for the need of working capital, the same spreadsheet is
presented in three different views.

AND

~v X A& =FREQUENCY($D$5:3D$364,P18:P22)
D G

C H | J K L M N (0] B Q R S
1
2  Random numbers Normal distribution (reverse transformed) Monte Carlo distribution Sales distribution (historic data)
3
4 Sales NOWC Nr. Crt. . Probability Sales NOWC Nr. Ct.  Random Sales NOWC Frequency | Curnulat %
5 6482 45 1ei] 68033 27 lei] 1 0288254 365571 lei 38366 66 lei 1 0288254 4500,00 lei 47227 50 lei 2000,00 u.m. 1 1 083%
B 3643 B6 lei| 35240 ,26 lei| 2 0151702 3167 76 lei 3324561 lei 2 0,151702| 3500,00 lei 3673250 lei 3500,00 u.m. 18 19 15,00%
7 2759 27 lei| 28958 49 lei| 3 0074772 274065 lei 26763 09 lei 3 0,074772  3500,00 lei 3673250 lei 4500,00 u.m. 61 80 50,83%
8 2091,28 lei| 21948 00 lei 4 0548461 436096 lei 45768 26 lei 4 0548461 4500,00 lei 47227 50 lei 5500,00 u.m. 27 107 2250%
9 2159 59 lei| 22664 91 lei| [ 0647577 4627 A1 lei 48564 66 lei 5 0647577 4500,00 lei 47227 50 lei 7500,00 u.m. 13 120 10,83%
10 6318,17 lei|66309,20 lei B 0062628 264533 lei 2776276 lei 5} 0,062628 3500,00 lei 3673250 lei
1 2414 39 lei| 25339 04 lei| 7 0279326 362839 lei 38079 96 lei 7 0279326 4500,00 lei 47227 50 lei
12 513152 lei|53855,26 lei 8 0472511 416322 lei 43693 02 lei 8 0472511 450000 lei 47227 50 lei
13 5989 B2 lei|62861,05 leif 9 0746436 4922 39 lei 51660 46 lei 9 0746436 550000 lei 57722 50 lei Simulated probability distribution
14 3069,23 lei| 32211 55 lei| 10 0960540 B056,22 lei 6356000 lei 10 0960540 7500,00 lei 7871250 lei
15 4625 B9 lei| 48546 B4 lei 1 0672131 469689 lei 49293 86 lei 1 0672131 5500,00 lei 5772250 lei Random nurmbers
18 4206 92 lei| 44151 60 lei 12 0213805 341229 lei 3581203 lei 12 0213805 450000 lei 47227 50 lei
17 2709 85 lei| 28439 84 lei 13 0993130 6789,19 lei 71252 50 lei 13 0993130 7500,00 lei 7871250 lei Frecquency % Curmulative
18 2797 35 lei| 2935818 lei| 14 0740769 4904,14 lei 51468 96 lei 14 0740769 5500,00 lei 57722 50 lei 20000,00 u.m. 0 000% 0,00%
_19J 6690 40 lei| 7021573 lei| 15 0298837 3687 59 lei 3670121 lei 15 0298837 4500,00 lei 47227 50 lei 32500,00 u.m. ENCY($D$5:$D$364;P18:F22)
20| 228276 lei| 23957 56 lei 16 0,094280 267156 lei 3013718 lei 16 0094260 350000 lei 3673250 lei 45000,00 u.m.| [ FREQUENCY(data_array; bins_array) }3%
21 6282,05 lei|65930,13 lei| 17 0,133252) 308276 lei 32353 54 lei 17 0,133252 3500,00 lei 3673250 lei B60000,00 u.m. 110 3056% 7389%
2 B467 B4 lei|67877 84 lei 18 0877259 543876 lei 5707974 lei 18 0877259 5500,00 lei 57722 50 lei 6000000 u.m, 94 2611% 100,00%
23 3443 27 1ei| 36137 11 lei| 19 0773013 5011,02 lei 52590 63 lei 19 0773013 5500,00 lei 57722 50 lei
24 4334 A7 lei| 45490 25 lei| 20 0973618 624269 lei 65517 06 lei 20 0973618 7500,00 lei 7871250 lei Maximurm 72927 93 lei
25 6105 84 lei|64080,75 lei 21 0,118255 3007 49 lei 31563 56 lei 21 0,118255 3500,00 lei 3673250 lei Chance for max. Sales 550%
26 5666 51 lei| 59470 00 lei| 22 0591102 4473 55 lei 46949 94 lei 22 0591102 4500,00 lei 47227 50 lei
Figure 6: The distribution based on the Random number generation
AND v X /& =NORMINV(GS; $X$5;5X$4)
c D E I G H | J K L M N 0 E: Q R S
1
2 | Random numbers Normal distribution (reverse transformed) Monte Carlo distribution Sales distribution (historic data)
3
4 Sales NOWC Nr. Crt. _ Probability Sales NOWC Nr. Crt.  Random Sales NOWC Frequency | Cumnulat %
| 6| 648245 Iei 6303327 lei 1 0,288254 |=NORMINV(G5; $X85,$:$4) 1 0,288254 450000 lei 47227 50 lei 2000,00 u.m. 1 1 083%
B 3643 66 lei 3524026 lei 2 0,151702 [ NORMIN¥(probability; mean; standard_dev) 0,151702 350000 lei 3673250 lei 3500,00 u.m. 18 19 15,00%
7 275927 lei 28958 49 lei 3 0074772 274065 lei 28763,09 lei 3 0074772 350000 lei 3673250 lei 4500,00 u.m. 61 a0 50,83%
8 2091,28 lei 21948 00 lei 4 0548461 436096 lei 45768 26 lei 4 0548461 450000 lei 47227 50 lei 5500,00 u.m. 27 107 2250%
9 2159 59 lei 22664 91 lei 5 0647577 4627 A1 lei 48564 66 lei 5 0647577 450000 lei 47227 50 lei 7500,00 u.m. 13 120 1083%
10 6318,17 lei 66309 20 lei 6 0062628 264533 lei 2776276 lei 6 0062628 3500,00 lei 36732 50 lei
1" 2414 39 lei 25339 04 lei 7 0279326 362839 lei 38079 96 lei 7 0279326 450000 lei 47227 50 lei
12 513152 lei 53855 26 lei 8 0472511 416322 lei 4369302 lei 8 0472511 450000 lei 47227 50 lei
il 5989 62 lei 6286105 lei 9 0746436 492239 lei 51660 46 lei 9 0746436 5500,00 lei 57722 50 lei Simulated probabili
14 3069,23 lei 32211 55 lei 10 0960540 605622 lei 63560,00 lei 10 0960540 7500,00 lei 7871250 lei
15 4625 69 lei 48546 64 lei 1" 0672131 4696 89 lei 49293 86 lei 11 0672131 5500,00 lei 57722 50 lei Random numbers
16 4206 92 lei 44151 60 lei 12 0213805  3412,29 lei 35812,03 lei 12 0213805  4500,00 lei 47227 50 lei
17 2709 85 lei 28439 84 lei 13 0993130 678919 lei 71252 50 lei 13 0993130 7500,00 lei 78712 50 lei Frecquency % Curnulative
18 2797 35 lei 29358,18 lei 14 0740769 4904,14 lei 51468 96 lei 14 0740763 5500,00 lei 57722 50 lei 20000,00 u.m. 0 000% 0,00%
19| B690,40 lei 7021573 lei 15 0,298837 3687 59 lei 3870121 lei 15 0,298837 450000 lei 47227 50 lei 32500,00 u.m. 83 2306% 23 06%
20 2282,76 lei 23957 56 lei 16 0094280 287158 lei 30137,18 lei 16 0094280 3500,00 lei 3673250 lei 45000,00 u.m. 73 2028% 4333%
21 626205 lei 65930,13 lei 17 0,133252 308276 lei 32353 54 lei 17 0,133252  3500,00 lei 3673250 lei 60000,00 u.m. 110 3056% 73.89%
22 6467 64 lei 67877 84 lei 18 0877259 543876 lei 5707974 lei 18 0877259 5500,00 lei 57722 50 lei 50000,00 u.m. 94 2611% 100,00%
23 344327 lei 36137 11 lei 19 0773013 501102 lei 52590 63 lei 19 0773013 5500,00 lei 57722 50 lei
24 4334 47 lei 45490 25 lei 20 0973618 624269 lei 65517 06 lei 20 0973618 7500,00 lei 7871250 lei Maximum 72927 93 lei
25 610534 lei 6408075 lei 21 0,118255 3007 49 lei 31563 56 lei 21 0,118255  3500,00 lei 3673250 lei Chance for max. Sales 550%
26 566651 lei 5947000 lei 2 0591102 447355 lei 46949 94 lei 2 0591102 450000 lei 47227 50 lei
27 4584 28 lei 4811205 lei 23 0422984 403331 lei 4232961 lei 23 0,422984 450000 lei 47227 50 lei Normal distribution {reverse transformed)
28 5598 80 lei 58759 44 lei 24 0,334300 379092 lei 3978572 lei 24 0,334300 450000 lei 47227 50 lei
29 5360,17 lei 56255 01 lei 2 0368047 388530 lei 4077627 lei 2 0,368047 450000 lei 47227 50 lei Frecquency % Curnulative
30 6857 24 lei 71966 76 lei 26 0797754 509895 lei 53513 47 lei 26 0797754 5500,00 lei 57722 50 lei 20000,00 u.m. 194% 194%
31 462403 lei 4852919 lei 27 0949703 5936 99 lei 62308 67 lei 27 0949703 7500,00 lei 78712 50 lei 32500,00 u.m. 45 1250% 14,44%
32 3125 45 lei 32801 57 lei 28 0240138 350293 lei 3676329 lei 28 0240138 450000 lei 47227 50 lei 45000,00 u.m. 134 37.22% 5167%
33 4299 86 lei 45127 04 lei 29 0607166 4516 64 lei 47402,14 lei 23 0607166 4500,00 lei 47227 50 lei 60000,00 u.m 145 4028% 91 .94%
34 2875 48 lei 3017819 lei 30 0,193068  3336,24 lei 3501385 lei 30 0,193068  4500,00 lei 47227 50 lei 80000,00 u.m. 29  806% 100,00%
35 2164 88 lei 22720 42 lei 31 0331820 378385 lei 3971150 lei 31 0,331820 450000 lei 47227 50 lei
36 2927 77 lei 30726 97 lei 32 0017187 204137 lei 2142413 lei 32 0017187 3500,00 lei 36732 50 lei Maximum 7670988 lei
7 6658 81 lei 63884,24 lei 33 0005213 157926 lei 1657438 lei 33 0,005213  2000,00 lei 20990,00 lei Chance for max. Sales 571%

Figure 7: The distribution based on the inverse of the normal cumulative distribution

An intermediary step for implementing the Monte Carlo distribution is based on the proba-
bility distribution of the historical data, presented in the right-upper corner of Figure 6.
3.3 Comparative analysis of the results

A first visual comparison for the three distributions is presented in the histogram in Figure
9 and the chart in Figure 10.
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AND v X & =IF(L51<$T85,5P$5;IF(L51 <$T96; $P§6;IF(L51<$T$7; 5P §7;IF(L51<$T$8; 5P $S; $P$9))

c D E E G H | J K L M N (] B Q R S

38 3857 96 lei 4048933 lei 34 0431415 405559 lei 42563 46 lei 34 0431415 4500,00 lei 47227 50 lei
39 429805 lei 45108,01 lei 3 0,135546 309375 lei 32468 56 lei 3 0,135546  3500,00 lei 3673250 lei Monte Cario
40 246003 lei 25818,04 lei 36 0408982 399076 lei 4188298 lei 36 0408982 4500,00 lei 47227 50 lei
41 5984 B3 lei 6280871 lei 37 0,181934 329335 lei 34563 69 lei 37 0,181934 450000 lei 47227 50 lei Frecventa % Cumuiative
42 4577 94 lei 48045 43 lei 38 0984994 6484 34 lei 6805310 lei 38 0984994 7500,00 lei 7871250 lei 20000,00 u.m. 0 000% 0,00%
43 3888,79 lei 4081289 lei 39 0839982 526561 lei 55262 B2 lei 39 0839982 5500,00 lei 57722 50 lei 32500,00 u.m. 3 083% 083%
44 490603 lei 5148882 lei 40 0678310 471469 lei 4948071 lei 40 0678310 5500,00 lei 57722 50 lei 45000,00 u.m. 48 1333% 1417%
45 5292 32 lei 5554286 lei 4 0897746 5550,12 lei 58248 53 lei 41 0897746 7500,00 lei 7871250 lei 60000,00 u.m. 274 76,11% 90,28%
46 533569 lei 5599806 lei 42 0978794 633869 lei 66524 55 lei 42 0978794 7500,00 lei 7871250 lei 80000,00 u.m 3B 972% 100,00%
47 4188,33 lei 4395651 lei 43 0945604 5897 25 lei 61891 64 lei 43 0945604 7500,00 lei 7871250 lei
48 5389,79 lei 56565 86 lei 44 0989619 663190 lei 6960175 lei 44 0989619 750000 lei 7871250 lei Maximum 78712 50 lei
49 210292 lei 22070,12 lei 45 0256166 355544 lei 37314 36 lei 45 0256166 450000 lei 47227 50 lei Chance for max. Sales 142%
50 299049 lei 31385,20 lei 46 0018396 2069 98 lei 21724 43 lei 46 0018396 __3500,00 lei 36732 50 lei

ﬂl 4262 83 lei 44738 45 lei 47 0882141 546402 lei 57344 84 lei 47 0,882141|=IF (L5[1 <§T$5; 5P $5;IF (L5 1<$T86; 5P 56;IF (L51<5T57; 5P§7;IF (L51<5T$8; $P58; 5P §9))))
52 559276 lei 58695 99 lei 48 0719165 483639 lei 50757 89 lei 48 0719165 [IF(logical_test; [value_if_true]; [value_if_false]) |
53 2157 93 lei 22647 46 lei 49 0,130591  3089,85 lei 3221808 lei 49 0,130591  3500,00 lei 36732 50 lei
54 4905 58 lei 51484 07 lei 50 0749048 493087 lei 51749 47 lei 50 0749048 5500,00 lei 57722 50 lei
55 482201 lei 5060696 lei 51 0612920 453219 lei 4756530 lei 51 0612920 4500,00 lei 47227 50 lei

Figure 8: The distribution based on Monte Carlo technique

The coefficient of variation for the three methods is rather similar and high, proving a low
homogeneity of the time series simulated by each method. The explanation is given by including
in the simulation models the period of crisis, when the sales decreased. The confidence level for
the three considered models is also similar.
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Figure 9: Comparative histogram for the three considered distributions

The coefficient of variation for the three methods is rather similar and high, proving a low
homogeneity of the time series simulated by each method. The explanation is given by including
in the data entry the period of crisis, when the sales decreased. The confidence level for the three
considered models is also similar.

As the results obtained by using the Random number generation and the inverse of the normal
cumulative distribution are almost identical, further comparison will take in consideration only
the last two methods: the inverse of the normal cumulative distribution and the Monte Carlo
distribution.

As the maximum values for the need of working capital differs according to the model, it’s
obvious that the probability of fulfilling an optimistic scenario differs too.

The historic data is characterized by the means presented in Figure 11.

Applying z-Test: Two Sample for Means to the sample consisting of 360 values for each
method gives the results presented in Figure 12.

The variance shows the spread of statistic data to the mean, being calculated from the
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AND v X ¥ £ =SUMPRODUCT(P30.P34,R30:R34)
S

G ) R [T]0V W X Y 73 A A8 AC AD ] AE
10 Expected NOWC Confidence level L
1
12 Simulation method | __NOWC__|__Emor | % 7y Confidence range Maximum_ptimistic scenario
13 Simulated probability distiibution Random numbers | 55840 28 leil 13216 57 lai] _23,67%| 1321687 Iei| 1671882 lei] 9496173 lei| 774038 Iei 514%]
4] Normal distribution | =SUMPRODUCT(P30 P34,R30 R34) | 1321687 lei| 12586 88 lei] 0082979 lei| 72927 93 lel 5.42%
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16
17} % i
18 2000000 u.m. 0 000% 0, Comparative chart
19 3250000 u.m. 83 2306% 2306%
20 45000,00 u.m. 73 gm gm 90000 00 lei
21 6000000 um. 10 2056%
22 00000 um. 94 2611% 100 e
23 7000000 lei
24 Maximum 72927 93 lei
2 Chance for max. Sales 542% 60000,00 lei
%
27 Normsl distibution (reverse transformed) e wl
Pl 4000000 lei
et 3000000 lei
g 2000000 fei
z Y X 1000000 lei
» 000 lei
» e 7740388 ei Random numbers Normal distribution Monte Carlo
g Chance for mex. Sales 5,14% T
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Figure 10: Comparative chart for the NOWC calculated with the different methods

Statistic Value
NOWC hiztoric sversge 4444221 um.
Aversge standard error 10880.40 u.m.
96 waicrea: 24.48%

Figure 11: Average of historic data

z-Test: Two Sample for Means

NOWC ez parszmar NOWC sionte zens

Mesn 44210237 um. 6120626 u.m.
Known Variance 10880.40 um. 1088040 u.m.
Observations 2260 280
Hypothesized Mean Difference 0
4 -2186.038
P(Z<=z) one-tsil 0.00%
z Critical one-tail 1.645
P(Z<=z) two-tail 0.000%
z Critical two-tail 1.960

Figure 12: z-Test for comparing the two methods
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historical data. Obviously, it presents the same value for both samples: ¢=10880.40 u.m.

The z-test reveals a significant difference between the two samples, as |zcqiculated| = 2186.038 >
Ztheoretic = 1.645. This can be explained by the fact that results based on the inverse of the normal
cumulative distribution are closer to historical data than results based on Monte Carlo simula-
tion. Moreover, it confirms the theory of central limit and recommends the use of continuous
repartition functions rather than the discreet repartition.

4 Conclusions and further work

The three considered simulation methods generate well balanced results for the need of work-
ing capital, bearing with similar coefficients of variation. As regarding the means, a significant
difference is registered between the mean of the values simulated with the inverse of the cumu-
lative normal distribution and Monte Carlo method.

In the simulation based on the inverse of the cumulative normal distribution, for convert-
ing the randomly generated numbers, a discreet function is recommended, such as the Poisson
repartition function |7].

The spreadsheet can be further developed by fully automating the z-test in order to avoid
any intervention of the decision maker in the calculating process. However, the present software
implementation proves the utility of spreadsheet programs in decision making and offers a relevant
set of data for the need of working capital that can improve management in investments.
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