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 Hexadecimal uses sixteen characters to represent 

numbers: the numbers 0 through 9 and the alphabetic 

characters A through F. 

 The hexadecimal number system has a base of sixteen; 

  

Binary-to- Hexadecimal conversion 

 

 Large binary number can easily be converted to 

hexadecimal by grouping 4 bits at a time and writing the 

equivalent hexadecimal character. 
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      Express 10010110000011102 in 

hexadecimal: 

 

Group the binary number by 4-bits starting from 

the right. Thus, 960E 
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Hexadecimal-to- Binary conversion 

 

 To convert from a hexadecimal number, revers process 

and replace each hexadecimal symbol with the 

appropriate bits. 
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      Determine the binary numbers for the 

following hexadecimal numbers: 

 

 

 

 

 

 

 

In part (a), the MSD is understood to have three 

zeros preceding it, thus forming a 4-bit group.  
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Hexadecimal-to- Decimal conversion 

 One way: first convert the hexadecimal number to binary 

and then convert from binary to decimal.  

 Another way: Hexadecimal is a weighted number 

system. The column weights are powers of 16, which 

increase from right to left. 
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1) Convert the following hexadecimal number 

to decimal: 

2) Express 1A2F16 in decimal. 

Start by writing the column weights: D
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Decimal-to-Hexadecimal conversion 

 

 

Convert the decimal number 650 to hexadecimal by repeated division by 16.  
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Hexadecimal Addition 

Addition can be done directly with hexadecimal numbers by remembering that the 

hexadecimal digits 0 through 9 are equivalent to decimal digits 0 through 9 and that 

hexadecimal digits A through F are equivalent to decimal numbers 10 through 15. 

 

                                Add the following hexadecimal numbers    
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Hexadecimal Subtraction 

 The 2’s complement allows you to subtract by adding binary numbers. 

 Since a hexadecimal number can be used to represent a binary number, it can be 

used to represent the 2’s complement of binary number. 
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 Octal uses eight numbers, which are 0 through 7, to 

represent numbers. There is no 8 or 9 character in octal. 

 To count above 7, begin another column and start over: 

         10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, . . . . .  

o For instance, 158 in octal is equivalent to 1310 in 

decimal and D in hexadecimal. 
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Octal-to-Decimal Conversion 

Octal is also a weighted number system.  The column weights are powers of 8, 

which increase from right to left. 
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Express 37028 and 23748 in decimal. 

Start by writing the column weights: 
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Decimal-to-Octal Conversion 

A method of converting a decimal number to an octal 

number is the repeated division-by-8 method. 
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Octal-to-Binary Conversion 

To convert an octal number to a binary number, simply 

replace each octal digit with the appropriate three bits. 

 

 

 

 

                  

           

                  Convert each of the following octal numbers to  

                  binary 
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Binary-to-Octal Conversion 

Binary number can easily be converted to octal by 

grouping 3 bits at a time and writing the equivalent octal 

character for each group. 

 

                            Express 1 001 011 000 001 1102 in octal: 

 

                Group the binary number by 3-bits starting from 

                 the right. Thus, 1130168 
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 Binary coded decimal (BCD) is a weighted code that is 

commonly used in digital systems when it is necessary to 

show decimal numbers such as in clock displays. 

 The table illustrates the difference between straight 

binary and BCD. 

 BCD represents each decimal digit with a 4-bit code. 

 Notice that the codes 1010 through 1111 are not used 

in BCD.  

The 8421 cod 

The 8421 code is a type of BCD code. BCD means that each 

decimal digit, 0 through 9, is represented by a binary code of 

four bits.  

The designation 8421 indicates the binary weights of the 

four bits (23, 22, 21, 20) 

3 July 2018 Dr. Eng. Hassan Ahmad 14 

D
r. H

assa
n A

hmad



Gray code ( غراي رماز ) 

 

 Gray code is an unweighted code that has a 

single bit change between one code word and the 

next in a sequence. 

 Gray code is used to avoid problems in systems 

where an error can occur if more than one bit 

changes at a time. 

 Like binary numbers, the Gray code can have 

any number of bits. 

 Notice the single-bit change between successive 

( بالتسلسل/المتتالية ) Gray code words. 

 For instance, in going from decimal 3 to 

decimal 4, the Gray code changes from 0010 

to 0110, while the binary code changes from 

0011 to 0100, a change of three bits.  
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Binary-to-Gray code Conversation 

 

The following rules explain how to convert from a binary number to a Gray code 

word: 

1. The most significant bit (MSB = left-most) in Gray code is the same as the 

corresponding MSB in the binary number. 

2. Going from left to right, add each adjacent pair ( متجاور زوج ) of binary code to 

get the next Gray code bit. 

3. Discard carries. 

 

                             Convert the binary numbers 10110 and 11000110 to Gray code. 

 

   

3 July 2018 Dr. Eng. Hassan Ahmad 16 

D
r. H

assa
n A

hmad



Gray-to-Binary code Conversation 

 

The following rules explain how to convert from a binary number to a Gray code 

word: 

1. The most significant bit (MSB = left-most) in binary code is the same as the 

corresponding MSB in the Gray code. 

2. Add each binary code bit generated to the Gray code bit in the next adjacent 

position ( المجاور الموقع ). 

3. Discard carries. 

 

                              Convert the Gray codes 11011 and 10101111 to binary number. 
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Alphanumeric code 
 
 The alphanumeric codes ( عددية أبجدية رموز ) are codes that represented numbers and 

alphabetic  letters and symbols. 
 At a minimum, an alphanumeric code must represent 10 decimal digits and 26 

letters of alphabet, for a total of 36 items.  
 This number requires six bits in each code combination because five bits are 

insufficient (25 =32). 
 The ASCII is the most common alphanumeric code. 
 
ASCII: American Standard Code for Information Interchange  
                            ( المعلومات لتبادل القياسي الأمريكي الرماز ) 
 
 ASCII is a code for alphanumeric characters and control characters. In its original 

form, ASCII encoded 128 characters and symbols using 7-bits.  
 The first 32 characters are control characters, that are based on obsolete teletype 

requirements, so these characters are generally assigned to other functions in 
modern usage. 

 In 1981, IBM introduced extended ASCII, which is an 8-bit code and increased 
the character set to 256. 

 Other extended sets (such as Unicode) have been introduced to handle 
characters in languages other than English (Asian). 
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Extended ASCII Characters 

The extended ASCII characters are represented by an 8-bit code series from 

hexadecimal 80 to hexadecimal FF and can be grouped into the following general 

categories: 

• Foreign (non-English) alphabetic characters (  غير– الأجنبية الأبجدية الرموز/الأحرف

 ,(الانكليزية

• Foreign currency symbols ( الأجنبية العملات رموز ), 

• Greek letters ( اليونانية الأحرف ), 

• Mathematical symbols ( الرياضية الرموز ), 

• Drawing characters ( الرسم رموز ), 

• Bar graphing characters ( الأعمدة مخططات رموز ), 

• and shading characters ( التظليل رموز ). 
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Unicode 

 Unicode provides the ability to encode (ترميز) all of the characters used for the 

written languages of the world by assigning ( تعيين=تخصيص ) each character a 

unique numeric value and name utilizing (الاستخدام) the universal character set 

(UCS). 

 It is applicable ( للتطبيق قابل ) in computer applications dealing (تتعامل) with 

multi-lingual text, mathematical symbols, or other technical characters. 

 Unicode consists of a number of related items ( صلة ذات عناصر ), such as: 

 character properties, ( الأحرف /الرموز خصائص ) 

  rules for text normalization, ( النص تنضيد قواعد ) 

 decomposition, collation, ( التصفيف = والترتيب التفكيك ) 

 bidirectional display order ( الاتجاه ثنائي العرض ترتيب ) (for the correct display of 

text containing both right-to-left scripts (مخطوطات), such as Arabic or Hebrew, 

and left-to-right scripts). 
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Selected Key Terms 

Alphanumeric  Consisting of numerals, letters, and other characters. 

ASCII American Standard Code for Information Interchange; the most widely 

used alphanumeric code. 

BCD Binary coded decimal; a digital code in which each of the decimal digits, 

0 through 9, is represented by a group of four bits. 

Byte A group of eight bits. 

Hexadecimal Describes a number system with a base of 16. 

LSB  Least significant bit; the right-most bit in a binary whole number or 

code. 

MSB Most significant bit; the left-most bit in a binary whole number or code. 

Octal Describes a number system with a base of eight. 
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               What is the weight of 6 in each of the following decimal numbers? 

               (a) 1386;     (b)  54.692;        (c)    671.920 
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               Give the value of each digit in the following decimal numbers:                                   

                   (a) 471;     (b)  9356;        (c)    125.000 
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               Convert the following binary numbers to decimal:                                   

                   (a)  11;       (b)  100;    (c)    111;     (d)   1000;  

                   (e)  1001;   (f)  1100;   (g)   1011;   (h)   1111. 

 

 

 

 

 

 

 

************************************************************  

                 Convert each binary number to decimal: 

     (a)  110011.11;       (b)  101010.01;    (c)    1000001.111;  (d)  1111000.101;    
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               What is the highest decimal number that can be represented by each 

of the following numbers of binary digits (bits)? 

          (a) two;   (b) three;   (c) four;   (d) five;   (e) six;    (f) seven; 

          (g) eight; (h) nine;    (i) ten;     (j) eleven. 

 

 

 

 

 

 

************************************************************  

             Convert each decimal number to binary using repeated division by 2: 

              (a) 15;   (b)  21;    (c) 28;  
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                Add the binary numbers: 

                 

 

 

 

 

 

 

 

************************************************************  

              Use direct subtraction on the following binary numbers: 
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                 Perform the following binary multiplications: 
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                  Divide the binary numbers as indicated:                 

 

 

 

 

************************************************************  

                   Determine the 1’s complement of each binary number: 
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                   Determine the 2’s complement of each binary number using either 

method: 

 

 

 

 

 

 

 

************************************************************  

                 Express each decimal number in binary as an 8-bit sign-magnitude 

number: 
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                   Express each decimal number as an 8-bit number in the 1’s 

complement form: 

 

 

 

 

 

************************************************************  

                  Express each decimal number as an 8-bit number in the 2’s 

complement form: 
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               Convert each pair of decimal numbers to binary and add using the 2’s 

complement form: 

 

 

 

 

 

 

 

 

************************************************************  

                Perform each addition in the 2’s complement form: 
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                Perform each subtraction in the 2’s complement form: 

 

 

 

 

 

 

 

************************************************************  

                 Convert each hexadecimal number to binary: 
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                 Convert each binary number to hexadecimal: 

 

 

 

 

 

 

 

 

************************************************************  

               Convert each hexadecimal number to decimal: 
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                  Convert each decimal number to hexadecimal: 

 

 

 

 

 

 

 

 

 

************************************************************  

                Perform the following additions: 
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                   Perform the following subtractions: 

 

 

 

 

 

 

************************************************************  

                 Convert each octal number to decimal: 
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              Convert each decimal number to octal by repeated division by 8: 

 

 

 

 

 

 

 

 

 

 

 

 

************************************************************  

          Convert each octal number into binary: 
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                Convert each binary number to Gray code: 

 

 

 

 

 

 

 

************************************************************  

             Convert each Gray code to binary: 
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