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Abstract 
In addition to many specialised computing tools for solving different kinds of technical and mathematical 
problems, students in STEM fields are often required to develop and use their own solutions - often 
implemented as more or less complex programmes written in standard programming languages such 
as C/C++, Java, Python, Pascal and others. Depending on curriculums of lower stage education 
(secondary schools and high schools) and their personal interests and hobbies, those students may 
show different levels of knowledge related to programming skills. In our undergraduate courses (in 
electrical engineering and multimedia) we decided, based on quite pronounced divergence among 
students, to include full course for learning fundamentals of programming in C with some minor inclusion 
of C++ basics. In relation to other courses, for example computer architecture and digital electronics, 
we are always trying to give our students a wider perspective and somehow interconnect those fields. 
One of the first classes relates to the declaration of variables, with special notes about numeric variables 
(integer numbers in this case) and range limitations - the simple theory is not an issue, but when put in 
front of the real-world problem, students often somehow oversee those fundamental definitions. 

In this article we will present a simple function - calculation of factorials (direct multiplicative loop 
solution, not approximation expression) - and detect and depict a problem that appears due to limited 
range, or better to say, influence of bit-length of a certain integer type on obtaining proper results. 
Different kinds of variable types will be discussed, including mathematical explanation of result limits. 
The same function will be checked in a few programming languages in addition to C (Pascal among 
“standard old-school” languages and JavaScript and Python as other often used languages). Also, 
specialised, open-source and free, computing tool with its accompanying language, Scilab, will be used 
to check whether such tools give some better results out of the box. Comparison of results (calculation 
limits) will be given, with explanations. Some remarks about additional extension of integer type limits 
will be covered. 

Keywords: Programming, variable, range, integer, bit-length, education, C, Pascal, Python, JavaScript.  

1 INTRODUCTION 
Integer and floating-point numbers on digital devices are represented using binary notation – each 
number is represented using a certain combination of binary digits – zeros and ones. Since all standard 
programming languages allow data and number manipulation, it is a well-known fact that all the usual 
data is stored using variables (or objects), while each of the variables has to be declared – its name and 
data type (or class in object-oriented paradigm) has to be defined prior to its usage. Languages in which 
defining data type is mandatory are called static typed languages (data type has to be predefined or 
“known” prior to execution or run-time). Some more “modern” and little less classic programming 
languages such as Python and JavaScript even allow declaring variables without predefining its data 
type – simple initialization is enough to start using variables. Those kinds of languages are called 
dynamically typed, since the type of the variable is checked and determined on-the-fly, at run-time. 

In our opinion, it is quite important for STEM students to be able to understand and handle basics of 
proper variable declaration, especially considering variable data types (even when defining data type is 
not mandatory)! This paper only considers numeric data types, mainly integer numbers and discusses 
range limitation appearing in standard programming languages when trying to perform calculation (using 
simple multiplicative loop) of factorials.  

The paper will start with a simple introduction to factorials and explanation of the extreme function 
growth. Then, it will briefly give some basics of binary representation of numbers in computer memory, 
and provide basic mathematical prerequisites necessary to understand how to determine how many bits 
are required to store a certain number in memory. Simple multiplication loop implementation of factorials 
calculation will be given for four programming languages, including different bit-length variables used to 
store a calculation result. Results obtained using C/C++, Pascal, JavaScript and Python code will be 
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discussed and critical moments related to issues with bit-length limitations will be covered. Additionally, 
some suggestions and existing solutions for overcoming detected problems will be mentioned.   

2 THE FACTORIALS - EXTREME GROWTH FUNCTION 
The definition of the factorials is well known to all STEM students, let us use Fct(n) function name: 

𝐹𝑐𝑡(𝑛) = 𝑛! = 𝑛 ∙ (𝑛 − 1)! = 𝑛 ∙ (𝑛 − 1) ∙ (𝑛 − 2) ∙ …	∙ 2 ∙ 1 

The function complies for n>0, while 0! is defined to be 1. This function is quite simple (repetitive 
multiplication) but clearly extremely growing and it is therefore a perfect example for an easy 
programmatic implementation that may show strange behavior due to resulting data type range 
limitations. Numeric results of the function are shown in Table 1 for n in range [1,20]. The same is 
depicted in Fig. 1 (n in range [1,8] with linear scale) and Fig. 2 (visualization of clear growth even with 
logarithmic scale) just to visualize its extreme growth. 

Table 1. Factorial numeric results in range [1,20]  

n n! NoBD n n! NoBD 

1 1 1 11 39.916.800 26 

2 2 2 12 479.001.600 29 

3 6 3 13 6.227.020.800 33 

4 24 5 14 87.178.291.200 37 

5 120 7 15 1.307.674.368.000 41 

6 720 10 16 20.922.789.888.000 45 

7 5.040 13 17 355.687.428.096.000 49 

8 40.320 16 18 6.402.373.705.728.000 53 

9 362.880 19 19 121.645.100.408.832.000 57 

10 3.628.800 22 20 2.432.902.008.176.640.000 62 

 
Figure 1. Linear scale n! growth visualization for range [1,8] 

Since result values are so extremely growing, for any further analysis, related to programmatic 
implementation of that calculation function, it is important to find some “measure” of resulting value “size” 
(to answer, “how big those numbers are”). For a more “human approach”, we may consider the number 
of decimal digits needed to show a numeric result value. Basic math, that STEM students should be 
familiar with, says that logarithmic function with certain base will give a measure of how many digits (in 
that certain base) are needed to store that number.  

Results in Table 1 are exact and can be obtained using scientific calculators, most programming 
languages and specialized tools such as Scilab, Excel etc. (But, for values of n larger than 20 caution is 
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required since some tools like Excel lose the least important digits due to precision limitations, as it will 
be shown in the results section.) 

 
Figure 2. Logarithmic scale n! growth visualization for range [1,30] 

Please note the increasing number of zeros at the end of decimal notation – it is clear that multiplying 
with numbers dividable by 10 or any combination of an even number and a number divisible with 5 will 
add another zero(s) at the end of the resulting product value.  

3 NUMBERS AND NUMBER OF DIGITS 
Let us repeat the basics related to the logarithm function – mathematic function log𝑁 is used to calculate 
the logarithm of number 𝑁. When written log𝑁, it is assumed that logarithm function uses base 10. 
When using other bases, function is written as log3 𝑁, where 𝐵 is the numeric base we are using. Usual 
bases often used in computer science may be: base 2 in the binary system, base 8 in the octal system, 
16 in the hexadecimal numeric system. For example, binary logarithm (sometime also called “logaritmus 
dualis”, lat.) can be written as log5 𝑁 and it is often written as ld𝑁 in math books. However, other 
notations can be found too – for example, ISO 80000-2 suggests using lb𝑁 ([1], [2]).    

The deeper meaning of the logarithm function is out of the scope of this paper – it is not our intention to 
explain or check advanced mathematical background. We will only show a practical usage of the 
logarithm function, very useful for our case and often used in information theory – we will show how to 
use the logarithm function to determine the number of digits (decimals 0-9 or binary 0-1) required to 
define a certain integer number! In other words, we will show how easy it is to calculate how many binary 
digits are required to store a certain integer number in computer memory. 

First, let us state the two most important rules valid for logarithm function. Based on these two simple 
rules, we can fill out the Table 2 with some specific examples that relate to this paper: 

Table 2. Specific examples of logarithm function 

Rules log𝐴9 = 𝑥	 log𝐴 log3 𝐵 = 1 

Examples log 1 = log 10< = 0	 ld	1 = log5 1 = 0 

 log 10 = log 10= = 1 ld 2 = log5 2= = 1 

 log 100 = log 105 = 2 ld 4 = log5 25 = 2 

 log 1000 = log 10? = 3 ld 8 = log5 2? = 3 
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Rules on the left are related to standard decimal numbers (natural number, base 10) which we use every 
day. We all know that for numbers 1-9 we need a single digit, for numbers from 10 to 99 two digits, for 
100 to 999 three digits etc. How does that relate to logarithms?! Well, quite well, as the matter of fact – 
the logarithm function is a growing function – so, if log 1 equals 0, log 10 equals 1, log 100 equals 2, log 
1000 equals 3 – it is clear that the logarithm of values larger than 1 and lower than 10 will be in (0,1). 
Also, for values [11, 99] the logarithm will be between 1 and 2. Surprisingly, that relates to number of 
digits required – it equals to the integer part (floor) of logarithm value increased by 1. We can define a 
simple function NoDD (Number of Decimal Digits) that will return the number of decimal digits required 
to store a certain decimal number (integer) in memory, as: 

NoDD(𝑛) = 	 ⌊log 𝑛⌋ + 1 

Quite similarly, the same works for other bases too… Right part of Table 2 shows the same principle for 
binary number representation (base two logarithms, log5 𝑛 or ld 𝑛).  

Table 1 already included column NoBD (abbr. of Number of Binary Digits), which actually gives us an 
information on how many bits are required to store a certain value in computer memory – we define a 
function: 

NoBD(𝑛) = 	 ⌊log5 𝑛⌋ + 1 

Is that really so? Let us simply depict on some numbers students should be able to check manually, as 
in Table 3. Just to check the validity of given formulas, columns calculating logarithms for base 10 and 
base 2 are included in the table, with leading numbers underlined – it is clear that increasing leading 
numbers gives exact number of decimal (NoDD) or binary (NoBD) digits. 

Table 3. Example - number of decimal digits, binary representation and number of binary digits 

𝒏 𝐍𝐨𝐃𝐃(𝒏) 𝐥𝐨𝐠𝒏 Binary of 𝒏 𝐍𝐨𝐁𝐃(𝒏) 𝐥𝐨𝐠𝟐 𝒏 

3 1 0,4771 11(2) 2 1,5850 

4 1 0,6021 100(2) 3 2,0000 

11 2 1,0414 1011(2) 4 3,4594 

16 2 1,2041 10000(2) 5 4,0000 

127 3 2,1038 1111111(2) 7 6,9887 

254 3 2,4048 11111110(2) 8 7,9887 

256 3 2,4082 100000000(2) 9 8,0000 

Why is all that important for us? It is important because this assumption can simply explain certain 
problems students can experience when implementing and testing programming code for calculating 
factorials. 

4 INTEGER NUMBER REPRESENTATION 
As already mentioned in the introduction, this paper focuses on integer number representation in 
personal computers. Floating-point numbers are represented differently, using valid standards (mainly 
IEEE 754 in computer science) with all the limitations and special cases (while integer number 
representation is quite straightforward, floating-point number representation additionally involves 
precision which inevitably brings to “lossy” results in certain calculations).  

The most important information related to both integer and floating-point number representation in 
computer science is the number of bits used to store the number. With years and advances in CPU 
technologies, software (programming languages support) was adapted and today all the environments 
regularly support 64-bit numbers (64-bit number arithmetic was, of course, supported prior to current 
64- bit CPU technology domination). Larger numbers (96 or 128 bit) are still not standard part of most 
tools, but additional function libraries exist and can be applied to certain programming tasks.   

Again, this paper concentrates on integer numbers. Integers are binary represented as simple sets of 
bits of certain (predefined, by variable data type) length. For x bits being used, it is clear that there are 
29 possible combination of bits (varying from 0(10) – all zeros - to 29 − 1 (10) – all ones – for instance, a 
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standard 8-bit word can store all combinations from 00000000(2) =0(10) to 11111111(2) = 2P − 1= 255(10). 
Since negative numbers must be supported, the practice is to use first bit as a sign bit (0 for positive 
and 1 for negative values), and additionally negative numbers are represented using the so called two’s 
complement. 

Different programming languages use different keywords to define integers of different kind and different 
bit-lengths. Table 4 gives an overview of basic keywords for C/C++ ([3], [4]) and Pascal [5], together 
with the usual bit-length used. Value ranges refer to unsigned binary representation – factorials can be 
only positive. Languages with no strict data type declaration such as JavaScript and Python nowadays 
use universal “number” type which is adapted according on values assigned. While JavaScript internally 
represents all numbers as 64-bit floating-point numbers [6], Python uses a little different approach and 
supports integers of an unlimited range, subject to available (virtual) memory only [7]. However, latest 
JavaScript releases and many current browsers support BigInt explicit type for calculations with large 
integers [8] (at the time of writing this paper still an ECMA proposal, but supported in browsers [9])!  

Table 4. Keywords and bit—length of integer types in standard programming languages 

Bit-length Range C/C++ Pascal 

16 0 – 65.535  
(0 – 216-1) 

short | unsigned 
uint16_t 

Word 

 

32 0 – 4.294.967.295  
(0 – 232-1) 

unsigned int uint32_t DWord 

64 0 – 18.446.744.073.709.551.615 
(0 – 264-1) 

unsigned long long 
uint64_t 

UInt64 | QWord 

Relating to the basic calculation problem discussed in this paper, factorial calculation, we shall explain 
the problems that can arise in the process – for example, when using C/C++ as (due to its applications 
in system programming and automatization, as used with our students in electrical engineering), which 
is a language with precise variable data type declaration, choosing a data type plays an important role 
in obtaining proper results. The same refers to Pascal as well. 

4.1 Floating-point representation basic facts 
This paper does not include any in-depth coverage of floating-point numbers representation – IEEE 754 
standard is used to represent floating-point numbers in most programming languages, which means 
that, for so called double-precision floating-point numbers a total of 64 bits are used to store the value 
in memory. However, IEEE 754 defines one sign bit, 11 bits for the exponent and 52 bits for precision. 
That means that an approach of using a floating-point data type to store large integer values cannot be 
used because of limited precision. Depending on compilers, 80-bit extended precision floating-point 
numbers my be supported, while 128-bit quad-precision is usually (if available) provided through 
specialized additional libraries and toolboxes.  

5 MULTIPLICATIVE PROGRAMMING LOOP TO CALCULATE THE FACTORIAL 
Finally, after explaining the basic and quite simple story behind factorials calculation and number 
representation in computer memory, let us depict how easy it is, “algorithmically”, to calculate factorials! 
It is nothing more than simple repeatable multiplication of all positive numbers, according to given Fct(n) 
definition. All the students who already attended some programming lessons in their high schools should 
not have any problems implementing it in their language of choice. 

For example, Fig. 3 shows a possible non-functional implementation of a C/C++ and Pascal program 
that calculates and outputs factorials of numbers in [1,25] (variable N looping from 1 to 25). Each 
program uses three different integer types to perform multiplication allowing the results to show 
differences in obtained values due to bit-length and limited range. Please note non-optimal code layout, 
trying to put for-loops in the visually same code in rows 9-17.  

In addition to those “old-fashioned” standard languages, implementation in popular languages such as 
JavaScript and Python is given in Fig. 4. Source given for JavaScript includes both standard numeric 

1555



operations (using 64-bit IEEE 754 floating point numbers as default JavaScript handling) and usage of 
proposed [8] and already supported BigInt numeric type! 
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 #include <iostream> 
 using namespace std; 
 void main() 
 { 
   int i, N; 
   uint16_t i16Fct; 
   uint32_t i32Fct; 
   uint64_t i64Fct; 
   for (N = 1; N <= 25; N++) 
   { 
     i16Fct = 1; i32Fct = 1; i64Fct = 1; 
     for (i = N; i > 1; i--) 
     { 
       i16Fct *= i; 
       i32Fct *= i; 
       i64Fct *= i; 
     } 
     cout << N << "\t" << i16Fct << "\t"; 
     cout << i32Fct << "\t" << i64Fct << endl; 
   }  
 }  

 program fctPascal; 
 var i, N:integer; 
     i16Fct:Word; 
     i32Fct:LongWord; 
     i64Fct:Int64; 
 begin 
  
 
  for N := 1 to 25 do 
   begin 
     i16Fct := 1; i32Fct := 1; i64Fct := 1; 
     for i := N downto 1 do 
     begin 
       i16Fct := i16Fct * i; 
       i32Fct := i32Fct * i; 
       i64Fct := i64Fct * i; 
     end; 
     writeln(N,#9,i16Fct,#9,i32Fct,#9,i64Fct); 
   end; 
 
 end.         

 C/C++ Pascal 
Figure 3. C/C++ and Pascal loop based factorial computation and different bit-length integers 

In contrast to C/C++ and Pascal implementations on Fig. 3, JavaScript and Python examples lack 
explicit data type definition when declaring/initializing variable. It is done by interpreter/compiler in run-
time. Also, it doesn’t require special headers… Surely, it shortens code since it uses only one temporary 
variable instead of three in previous C/C++ and Pascal examples.  
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 for (N = 1; N < 26; N++) 
 { 
   iFct = 1;                                 
   biFct = BigInt(1);  
   for (i = N; i > 1; i--) 
   { 
      iFct *= i; 
      X = BigInt(i); 
      biFct = biFct * x; 
   } 
   document.write(N+"&emsp;"+iFct+"&emsp;“); 
   document.write(biFct+"<br>“);                          
 } 

 for N in range(1,26): 
    tmpFct=1 
    for i in range(1,N+1): 
       tmpFct=tmpFct*i 
       
    print(str(N)+"\t"+str(tmpFct)) 
 
  

 JavaScript Python 

Figure 4. JavaScript and Python loop based factorial computation examples 

All examples include simple console output of the results showing current value of variable N and 
calculated factorial values, with tab-delimited printout (‘\t’ special character in C/C++ and Python, 
HTML symbol ‘&emsp;’ in JavaScript and #9 ASCII code in Pascal). Numerical results obtained using 
given programs will be discussed later in the following section. 

6 RESULTS 
In order to confirm all the mathematical conclusions from previous sections, a multiplicative loop for 
calculating the factorials was implemented in different programming languages. Results obtained by 
executing the programming code given in previous section were analysed and critical situations were 
localized and explained.  

Also, the codes were extended in order to check alternatives – for example using double-precision 
floating-point numbers to obtain results for factorials of numbers too large to fit in largest standard 
integers (64 bit). It all relates very well to Table 1 and its NoBD column – all the results for integer 
numbers show clear issues and overflows when using integer variables with too low bit-length (that 
refers mainly to C/C++ and Pascal implementation). 

1556



Let us extend Table 1 a little more – exact values for factorials a little above 20! are shown in Table 5. 
Exact values in Table 5 were not (surprise!) obtained using e.g. a computational tool such as Excel (due 
to its IEEE 754 representation and precision limits) but with our Python code (double checked and 
compared with JavaScript BigInt implementation and additional C/C++ libraries). 

Table 5 shows that 21! cannot be calculated with 64-bit integers since it requires 66 bits to store the 
exact value in memory (some mathematical approach could help, involving zeroes at the end of the 
number – but, it is out of the scope of this paper). Similar, even if we could use clear 128-bit integers, 
factorials above 33 would be out of the range! 

Table 5. Exact factorial numeric results above 20  

n	 n!	 NoBD	

20 2.432.902.008.176.640.000 62 

21 51.090.942.171.709.440.000 66 

22 1.124.000.727.777.607.680.000 70 

23 25.852.016.738.884.976.640.000 75 

24 620.448.401.733.239.439.360.000 80 

25 15.511.210.043.330.985.984.000.000 84 

26 403.291.461.126.605.635.584.000.000 89 

33 8.683.317.618.811.886.495.518.194.401.280.000.000 123 

34 295.232.799.039.604.140.847.618.609.643.520.000.000 128 

It can be concluded that even though calculating the factorial is a simple repetitive task, it fails due to 
range limitations in standard languages. Current architecture and standard language features are 
usually limited to 64-bit integers, allowing us to calculate up to the factorial of 20 (only!). All the factorials 
of higher numbers cannot be calculated using standard language features because they require more 
than 64 bits to store the resulting integer value properly. 

6.1 C/C++ and Pascal implementation 
As it was already pointed out, both C/C++ and Pascal implementation use three different kind of integer 
variables – 16-, 32- and 64-bit variables. Relating to Table 1, we can expect 8! to be properly calculated 
and stored using 16-bit integer, but for 9! that is just not possible since it requires 19 bits! Similar goes 
for 32-bit integers – it can be used for calculation of 12!, but calculating 13! requires 33 bits, meaning a 
32-bit integer variable cannot handle it! For 64-bit integers, results above 20! are wrong, due to overflow 
(least significant bits in 64-bit memory word get new values but overflow is not reported nor any 
exception risen). 

In order to check how double-precision floating-point numbers comply to factorial calculation, source 
code from Fig. 3 was extended – additional floating-point variables were introduced and included in the 
loop. Obtained results were as follows (Table 6 for C/C++ and Table 7 for Pascal): 

Table 6. C/C++ factorial numeric results above 20 – double-precision floating-point  

n	 n!	as	double-precision	floating	point	-	long double	 OK?	

20 2.432.902.008.176.640.000 OK 

21 51.090.942.171.709.440.000 OK 

22 1.124.000.727.777.607.680.000 OK 

23 25.852.016.738.884.978.212.864 NOK 

24 620.448.401.733.239.409.999.872 NOK 

33 8.683.317.618.811.889.480.490.536.047.552.233.472 NOK 
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It is clear that double-precision floating-points “track” the exact solution and “come near” it (wrongly 
calculated least significant decimals are printed bold), but the precision is just not good enough. 
Interestingly, Pascal results for double-precision were a little worse (Table 7). However, 32-bit Pascal 
compiler (64-bit does not?!) supports extended-precision floating-point numbers (80-bit) and those were 
able to get valid results for 23!, 24! and 25!, better than C/C++ compilers used (other compilers than 
those used for this paper, such as GNU C, may use 80-bit format and extended precision for long 
double!) . 

Table 7. Pascal factorial numeric results above 20 – double- and extended-precision floating-point  

N	 n!	as	Pascals	Double	and	Extended	 OK?	

20 2.432.902.008.176.640.000 Double OK 

21 51.090.942.171.709.440.000 Double OK 

22 1.124.000.727.777.607.700.000 
1.124.000.727.777.607.680.000 

Double 

Extended 
NOK 
OK 

23 25.852.016.738.884.978.000.000 
25.852.016.738.884.976.640.000 

Double 

Extended 
NOK 
OK 

24 620.448.401.733.239.410.000.000 
620.448.401.733.239.439.360.000 

Double 

Extended 
NOK 
OK 

25 15.511.210.043.330.984.000.000.000 

15.511.210.043.330.985.984.000.000 

Double 

Extended 
NOK 
OK 

26 403.291.461.126.605.720.000.000.000 
403.291.461.126.605.635.592.000.000 

Double 

Extended 
NOK 
NOK 

33 8.683.317.618.811.886.496.150.000.000.000.000.000 Extended NOK 

For C/C++ execution and compilation, Microsoft Visual C++ as part of Visual Studio 2015 Community 
was used. Both 32-bit and 64-bit C/C++ compilers included with Visual Studio were tested, producing 
similar results. For Pascal, free IDE Lazarus v2.0.2 with FreePascal FPC 3.0.4 compiler was used. Both 
32-bit and 64-bit compilers were used with default settings – the main reason to check with 32-bit 
compiler was documented information suggesting extended-precision (80-bit) floating-point math is 
supported on 32-bit compiler only. Other compilers were not considered and results of the same code 
compiled with other compiler may vary. 

We can conclude that with integer types we cannot go further than calculating 20! in both C/C++ and 
Pascal. We can improve the results just a little, to get exact values properly for up to 22! using double 
precision floating-point numbers in C/C++ or up to 25! using extended precision in 32-bit Pascal compiler 
(or other C/C++ compilers that support extended precision on long double type). 

That being said, is it not a little strange to explain to the students that using those standard languages 
they cannot calculate factorials over 25!? At least not without additional effort. 

6.1.1 Calculating larger factorials in C/C++ or Pascal 
So, what can be done to programmatically properly calculate larger factorials, or to, somehow, put larger 
integer values in the memory? Of course, we are not the first to ask that question – programmers and 
scientists around the globe solved that issues long ago – many of them provide either complete solutions 
(such as additional source libraries for certain languages) or at least ideas on how to solve the issue. 
There are specialized libraries for supporting 128-bit integers and there are solutions based on “digit by 
digit” number representation and calculations. These could actually support an unlimited range of 
integers, since all the needed arithmetic is implemented using arrays of digits. 

Since our own implementation is out of the scope of this paper, let us just mention a few C/C++ and 
Pascal solutions that could be used – for example, public domain Matt McCutchens “C++ Big Integer 
Library”  [10] or big integer implemented for Free Pascal as part of TForge library [11]. We performed a 
test of  [10] and it allowed us to perfectly match the results from Table 5 using C/C++. Another quite 
important analysis could include performance comparison of different solutions, since it can be expected 
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that such solutions cannot come close to direct integer calculations using hardware supported bit 
lengths. 

The test was basically a simple extension of the source given in Fig. 3 with addition of an external header 
file (BigIntegerLibrary.hh). An additional variable was declared with a newly introduced type 
BigInteger and properly multiplied in the loop. Results completely matched the exact solutions.  

6.2 JavaScript and Python implementation 
As already mentioned, JavaScript and Python are two popular examples of dynamically typed 
languages. Also, as it will be shown they offer support for large integer numbers out-of-the-box and 
therefore can be considered as a simpler way to get exact results for large factorials than standard 
languages such as C/C++ and Pascal.  

JavaScript source shown in Fig. 4 uses dynamically typed iFct variable (interpreter/compiler handles it 
as generic number, which are represented as 64-bit floating-point numbers in JavaScript). As said in 
previous subsection when checking C/C++and Pascal results with double-precision floating-point 
numbers, that kind of solution can handle up to 21! without any precision issues, but above that 
numerical values of the solution will not be correct. Given JavaScript source includes biFct variable 
which is explicitly using new BigInt keyword as internal data type proposed for handling integer number 
of unlimited range! That is a great feature of JavaScript, exactly the same as offered in Python by default.  

As a comment of obtained results, we can only confirm that JavaScript with BigInt and Python allow 
exact computation of factorials with almost unlimited range (depends only on available memory and 
language architecture used to implement those kinds of integers). Obtained results were exactly the 
same as those shown in Table 5 and there is no need to repeat it here. 

Just for the record, latest Python 3.7.4 was used for this paper. JavaScript was executed in latest Opera 
63 browser (BigInt supported since version 54). Related to BigInt support for JavaScript, it should be 
mentioned that currently Edge, Safari and Internet Explorer are not listed among supportive browsers!  

6.3 Excel and Windows Calculator results 
In order to check programmatically obtained results by a neutral tool, Microsoft Excel, as and often used 
calculation and documentation software, was used to calculate factorials. But it has precision issues as 
well and cannot get an exact value for 21! and above. Technical details were not considered since it is 
out of the scope of this paper. When using Excel 2019 on 64-bit Windows, results above 20! were not 
correct, as shown in Table 8.  

Table 8. Excel factorial numeric results above 20 – using FACT function  

n	 n!	obtained	using	=FACT(n)	function	 OK?	

20 2.432.902.008.176.640.000 OK 

21 51.090.942.171.709.400.000 NOK 

22 1.124.000.727.777.610.000.000 NOK 

23 25.852.016.738.885.000.000.000 NOK 

24 620.448.401.733.239.000.000.000 NOK 

25 15.511.210.043.331.000.000.000.000 NOK 

33 8.683.317.618.811.890.000.000.000.000.000.000.000 NOK 

On the other hand, simple plain Windows Calculator (tests done using prehistoric Calculator in Windows 
XP and in newest Calculator in Windows 10) managed to calculate all the results properly – all the tested 
factorials (up to 34! as listed as “final case” in Table 5) gave correct results. 

6.4 SCILAB implementation 
Scilab is a well-known, open source tool for numerical computation, often used in educational and 
scientific environments. It is known as one of feature rich alternatives to the commercial computation 
tool MATLAB. Even though it is a specialized tool with integrated scripting language, basic numeric 
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types supported out-of-the-box do not differ from regular programming languages. 64-bit integers and 
double-precision floating point numbers are supported, but for big integers specialized toolboxes are 
available.  

Obtained results with big integer support enabled match exact values as in Table 5, while disabled big 
integer support brings results to already discussed double-precision limits. 

7 CONCLUSIONS 
This paper used the simple, but extremely growing, factorials function to detect and discuss problems 
in the process of finding exact numerical solutions using programmatic implementation. Based on data 
types used, implemented programs successfully covered calculation of factorials up to 20! – above those 
values, issues related to limited integer bit length (64-bit) or precision of floating-point numbers appear. 

It was shown that Python and JavaScript were able to perform exact calculation of the factorials using 
integrated support for integer numbers of practically unlimited range. Good old Windows Calculator gave 
the same exact solutions. But other, well known classic standard languages such as C/C++ and Pascal, 
as well as tools like Excel or specialized environments as Scilab, miss the support for large integer 
numbers by default and are limited to 64-bit integers or double-precision floating point numbers (or 80-
bit extended precision floating point numbers supported in some compilers).  

In order to programmatically calculate exact values for higher number factorials, it became clear that 
some extensions or add-ons have to be applied in order to overcome detected issues. Selected solutions 
for C/C++ and Scilab were tested and it was confirmed that, using minimal changes in the source code, 
exact factorials for large numbers can be calculated. 

Extensions supporting big integers were not analysed in-depth since it is out of the scope of this paper. 
However, it would be interesting to include performance analysis and compare execution times of 
different big integer libraries. 
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