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Chapter 3: Measurement units and numeral systems 

I.1 Introduction  

     Computers use different units of measurement to describe various computational 

goals. Learn about the bit and byte of memory capacity, pixel in photos and hertz for 

frequency or processing speed.      

     The numbering system or the numeral system is the system of naming or 

representing numbers. A numeral system is a writing system for expressing numbers; 

that is, a mathematical notation for representing numbers of a given set, using digits 

or other symbols in a consistent manner. We know that a number is a mathematical 

value that helps to count or measure objects and it helps in performing various 

mathematical calculations. There are different types of number systems like decimal 

number system, binary number system, octal number system, and hexadecimal 

number system.  

ىحذاخ اىثد واىثاَد ف. ىلأػذاد اىحساتُح اىَخريفح غاَاخذسرخذً أجهضج اىنَثُىذش وحذاخ قُاط ٍخريفح ىىصف اى

 ..اىخاىصىس واىهشذض ىيرشدد أو سشػح اىَؼاىجح. دقح  سؼح اىزامشج واىثنسو فٍ ىقُاط

ّظاً اىرشقٌُ أو ّظاً الأسقاً هى ّظاً ذسَُح الأسقاً أو ذَثُيها. ّظاً الأسقاً هى ّظاً مراتح ىيرؼثُش ػِ الأسقاً؛      

هى قَُح أٌ ذذوَِ سَاضٍ ىرَثُو أسقاً ٍجَىػح ٍؼُْح، تاسرخذاً الأسقاً أو اىشٍىص الأخشي تطشَقح ٍرسقح. اىشقٌ 

سَاضُح ذساػذ فٍ حساب الأشُاء أو قُاسها وذساػذ فٍ إجشاء اىؼَيُاخ اىحساتُح اىَخريفح. هْاك أّىاع ٍخريفح ٍِ 

 ادطاىس رؼذاداىاىثَاٍّ، وّظاً  رؼذاداىاىثْائُح، وّظاً  رؼذاداىاىؼششٌ، وّظاً  رؼذادّظاً اى يثمأّظَح الأسقاً 

 ػششٌ.

I.2. Physical representation of the information  
   Although the information is digitized, its support is physical, therefore analog: 

typically, in current technology, tension.  

Knowledge of a state therefore depends on two thresholds, high and low. With an 

electrical signal, it shows that there are two significant states, the low state (value 0) 

when the voltage is lower than a low reference, and a high state (value 1) when the 

voltage is higher than a high reference, for example, at t1 the signal is high and at t2 

the signal is low. 

 ذَثُيها اىفُضَائٍ فٍ الاىح َؼرَذ ػيًػيً اىشغٌ ٍِ أُ اىَؼيىٍاخ سقَُح، إلا أُ :   ثُم انًادٌ نهًعهىياثانتً

ٍْخفضح. ٍغ الإشاسج اىنهشتائُح، َظهش أُ هْاك  وىزىل فإُ ٍؼشفح اىحاىح ذؼرَذ ػيً ػرثرُِ، ػاىُح و .رىذشاى

 (1)انقًُت ػْذٍا َنىُ اىجهذ أقو ٍِ ٍشجغ ٍْخفض، واىحاىح اىؼاىُح  (0)انقًُت  حاىرُِ ٍهَرُِ، اىحاىح اىَْخفضح

ذنىُ  t2 وػْذ 1ذنىُ الإشاسج ػاىُح  t1 ػْذٍا َنىُ اىجهذ أػيً ٍِ ٍشجغ ٍشذفغ، ه ػيً سثُو اىَثاه، ػْذ

 .0 الإشاسج ٍْخفضح

Remark:  
 With a bit, it is thus possible to obtain two states: either 1 or 0 (2

1
)  

 With 2 bits, it is possible to obtain 4 different states (2
2
):  

 With 3 bits, it is possible to obtain 8 different states: (2
3
) binary value on 3 bits  

 For a group of n bits, it is possible to represent (2
n
) binary sequences.  

2ّسرطُغ ذَثُو تُد   nفٍ ٍساحح ٍِ 
n  

 ٍخريفح . سيسيح
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The byte: is a unit of information composed of 8 bits. For example, it allows you to 

store a character, such as a letter or a number. For a byte:  

The smallest number is 0 (represented by eight zeros 00000000)  

And the greatest is 255 (represented by eight digits "one" 1111 1111),  

This represents 256 possibilities of different binary values  2
8
.  

 

The different units of measurement are : 

1 Byte = 8 Bits 

1 kilobyte (kB) = 2
10

 bytes = 1024 bytes 

1 Megabyte (MB) = 2
20

 bytes = 1024 ko = 1 048 576 bytes 

1 Gigabyte (GB) = 2
30

 bytes = 1024 Mo = 1 073 741 824 bytes 

1 Terabyte (TB) = 2
40

 bytes = 1024 Go = 1 099 511 627 776 bytes 

 

 

I.3. Numeral systems  

    Before approaching the representation of the different types of data (characters, 

natural numbers, real numbers), it is advisable to become familiar with the 

representation of a number in any base. Subsequently, we will often use the bases 2, 

8, 10 and 16 that are the most used in computing.  

Usually, we use the base 10 to represent numbers, that is to say that we write using 10 

distinct symbols: digits.  

In base b, we use b digits. Let's denote ai the digits used to write a number N = an−1...a1a0  

Decimal, b = 10, ai ∈ {0,1,2,3,4,5,6,7,8,9} 10 decimal digits  

binary, b = 2, ai ∈ {0,1} : 2 binary digits, or bits . 

octal, b = 8, ai ∈ {0,1,2,3,4,5,6,7} : 8 octal digits  

hexadecimal, b = 16, ai ∈ {0,1,2,3,4,5,6,7,8,9,A,B,C,D,E,F} 16 hexadecimal digits 

(we use the first 6 letters “A,B,C,D,E,F” as numbers for the numbers  10,11, 12, 

13,14, 15 respectively).  

Examples:  
 (01101110)2   is a binary number with size n=8 bits (represented in one byte)  

 (2801687)10  is a decimal number represented in n=7 digits 

 (2AC017)16 is hexadecimal number represented in n=6 digits  
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 (20157)8 is an octal number of size n=5 digits  

 

I.3. 1  Convert a number N from any base “b” to a decimal number  
     Let N = ( an−1...a1a0 )b sequence of digits in a base b system. To convert a word in 

any base to a decimal number, simply multiply the value of each digit by its weight, 

then add each result  

I.3.1 تحىَم رقى N  ٌأساسين أ "b" ٌإنً رقى عشز 

  iرو اىثقو  aذَثو اىشٍض   aiحُث . b ساطالأ فٍ ُ شٍىصذسيسو ٍِ اى N = ( an−1...a1a0 )b ّنرة       

 ّحسة ٍجَىع اىجذاءاخ ماىراىٍ: أٌ أساط إىً سقٌ ػششٌسقٌ ٍِ ىرحىَو 

e.i  We multiply each digit of the number with its place value and add the products.  

 

N10 = (an−1) * b
n-1

+ …. (a2 * b
2
 ) + (a1* b

1 
) + (a0 * b

0
)   

                                                                                            
Example :  

  (0101)2  =  2
3
x0 + 2

2 
x1 + 2

1 
x 0 + 2

0
x1 = 8x0 + 4x1 + 2x0 + 1x1 = 5  

  (2AC017)16   = 16
5
x 2 +16

4
x10 +16

3
x12 + 16

2
x0 + 16

1
x1 + 16

0
x7 = (2801687)10  

  (20157)8  =  84x2 +83x0 + 82x1 + 81x5 + 80x7 = (8303)10  

 

 

 

I.3.2. Convert a decimal number N to a number in any base system b 

  

     For a positive decimal number, we proceed by successive divisions. We divide the 

number by the base, then the quotient obtained by the base, and so on until the quotient 
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becomes 0. The sequence of remainders obtained corresponds to the digits in the numeration 

system of the target base b. Write the remainders from bottom to top and from the left to 

the right 

 bٍِ اىْظاً اىؼششٌ إىً أٌ ّظاً ذؼذاد ذحىَو سقٌ 

  

ّحرفع تثاقٍ اىقسَح ثٌ ّؼاَِ حاصو ، اىَشاد اىرحىَو إىُها  اىقاػذج تاىقسَح الإقيُذَح ىيشقٌ اىؼششٌ ػيً ّقىً      

 . اىقسَح إرا ماُ لا َساوٌ اىصفش ّنشس اىؼَيُح ػيً اىحاصو وّحرفع تاىثاقٍ حرً َصثح حاصو اىقسَح َساوٌ اىصفش

ٍِ اىُساس إىً اىَُُِ و ّثذأ تآخش تاقٍ ػيً اىؼذد فٍ اىْظاً اىَسرهذف تنراتح تىاقٍ اىقسَح اىَحصيح ٍشذثح  ّحصو

  .الأوهقسَح حرً 

 

 

 

 

Example:  
Convert the number (44)10 to base 2, then to the base 8, and then to the base 16 

system  

 To binary system:  

 

 

I.3.3. Convert a binary number to a hexadecimal number and to an octal 

number  
These bases: 2, 8 and 16 correspond to powers of 2 (21, 23 and 24), hence very simple 

passages from one to the other.  

I.3.3.1. convert a binary number to an octal number  
Starting from the right to the left, we partition the binary number into groups of three 

bits. Then, we convert each group of binary numbers to octal and write them in the 

same order.  

 ثًانٍانوإنً  انسداسٍ عشزثنائٍ إنً رقى ان ين تحىَمان

2) 2تتىافق يع قىي انعدد  11و  8و  2هذه انقىاعد: 
1

2و  
3

2و  
4

 دة إنً أخزيقاع انتنقم ين(، وبانتانٍ 

 .بسُط
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 ثًانٍانإنً ثنائٍ ان ين تحىَمان

ا ين انًُُن إنً انُسار، نقىو بتقسُى انزقى انثنائٍ إنً يجًىعاث يكىنت ين ثلاث بتاث. ثى نقىو بتحىَم كم بدء  

 يجًىعت ين الأرقاو انثنائُت إنً رقى ثًانٍ ونكتبها بنفس انتزتُب.

 

Example: (110 101 001 011)2= (?)8 

 

So: (110101001011)2= (6513)8. 

I.3.3.2. convert a binary number to a hexadecimal number  

We group the bits from right to left 4 bits per group, then we replace the 4 bits of each 

group by a corresponding hexadecimal digit. 

 ىَو سقٌ ثْائٍ إىً سقٌ سذاسٍ ػششذح

نو ٍجَىػح، ثٌ ّسرثذه اىثراخ الأستؼح ٍِ مو ٍجَىػح تشقٌ تراخ ى 4ّقىً ترجَُغ اىثراخ ٍِ اىَُُِ إىً اىُساس 

 سذاسٍ ػششٌ ٍْاظش.

I.3.4. Convert octal number to binary number  
To convert an octal number to binary, we write 3-bit binary equivalent of each octal 

digit in the same order. Therefore; We replace (represent) each octal digit of the 

number by the corresponding 3 binary digits  

I.3.5. Convert hexadecimal number to binary number  
Convert hexadecimal to binary is a conversion of a number in a hexadecimal number 

system to an equivalent number in the binary number system.  

We write 4-bit binary equivalent of each hexadecimal digit in the same order. 

Therefore; We replace (represent) each hexadecimal digit of the number by the 

corresponding 4 binary digits  

I.3.6. Representation of fractional numbers (unsigned real numbers)  
Fractional numbers are those that have digits after the decimal point. Example: In the 

decimal system, we write  

 (اىَىجثحذَثُو الأػذاد اىنسشَح )الأػذاد اىحقُقُح 

 : فٍ اىْظاً اىؼششٌ ّنرةيثالالأسقاً اىنسشَح هٍ ذيل اىرٍ ذحرىٌ ػيً أسقاً تؼذ اىؼلاٍح اىؼششَح. 

 

(12, 346)10 = 1* 10
1
 + 2 *10

0 
+ 3* 10

−1
 + 4* 10

−2
 + 6* 10

−3.
  

 

I.6.6.1. Convert fractional number from any base b to decimal number  
Consider the fractional number “N” written in base “b” as follows: 

  N=(an−1...a1a0 , a−1a−2...a−p)b  

The decimal equivalent is obtained by the following formula:  

N10=[( an−1*b
n−1

+...+a0*b
0
)+(a−1*b

−1
+...+a−p*b

−p
)]10  

Then the value of any decimal number will be equal to the sum of its digits multiplied 

by their respective weights,  

Example: Convert the number N= (1010.11)2 to decimal number  

We multiply each binary digit with its place value and add the products.  

(1010.11)2 = (1 × 2
3
) + (0 × 2

2
) + (1 × 2

1
) + (0 × 2

0
) + (1 × 2

-1
) + (1 × 2

-2
) = (10.75)10  

 

N= (1010.11)2 = (10.75)10  
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I.6.6.2. Convert a fractional decimal number to any base b  
We convert the integer part and fractional part separately and then combine the 

results. We multiply the fractional part by the base “b”, by repeating the operation 

on the fractional part of the product until it becomes zero (or until the desired 

precision is reached). For the integer part, we proceed by divisions as for an integer.  

Example: Convert the number N= (85.375)10 to binary number (base 2) 

Integer part  
The integer part of 85.375  is 85. Divide this number repeatedly by 2 until the quotient 

becomes 0. Write the remainders from bottom to top :  

(85)10 = (1010101)2  

Fractional part  
The fractional part of 85.375 is 0.375. Multiply the fractional part repeatedly by 2 

until it becomes 0.  

0.375 × 2 = 0.750  0.750 × 2 = 1.500  0.500 × 2 = 1.000 stop 

From top to bottom, write the integer parts of the results to the fractional part of the 

number in base 2: (0.375)10 = (0.011)2 

Combine the whole number and fractional parts to obtain the overall result.  

N = (85.375)10 = (1010101)2 + (0.011)2 = (1010101.011)2 

 جضء صحُح

 2(1010101= ) 10(55)ّحىىه ترطثُق اىقاػذج اىً اىثْائٍ  .55هى  55.355اىجضء اىصحُح ٍِ 

 اىجضء اىنسشٌ

.0حرً َصثح  2. اضشب اىجضء اىنسشٌ تشنو ٍرنشس فٍ 0.355هى  55.355اىجضء اىنسشٌ ٍِ   

2(0.011= ) 10(0.355: ) 2امرة الأجضاء اىصحُحح ٍِ اىْرائج إىً اىجضء اىنسشٌ ٍِ اىشقٌ فٍ الأساط   


