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The Arithmetic and Logic Unit 
  
Introduction  
 The arithmetic-logic unit (ALU) is the section of the computer that performs arithmetic and 
logical operations on the data. This section of the machine can be relatively small, consisting of as little 
as a part of a large-scale integration (LSI) chip, it can consist of a considerable array of high-speed logic 
components. Despite the variations in size and complexity, the small machines perform their arithmetic 
and logical operations using the same principles as the large machines. What changes is the speed of the 
logic gates and flip-flops used, also special techniques are used for speeding up operations and 
performing several operations in parallel.  

Although many functions can be performed by the ALUs, the basic arithmetic operations-addition, 
subtraction, multiplication operations. This chapter first describes the means by which a computer adds, 
subtracts, multiplies, and divides. Other basic operations, such as shifting, logical multiplication, and 
logical addition, are then described.  

Remember that the control unit directs the operation of the ALU. What the ALU does is to add, 
subtract, shift, etc., when it is provided with the correct sequence of input signals. It is up to the control 
element to provide these signals, and it is the function of the memory units to provide the arithmetic 
element with the information that is to be used.  
 
Objectives: 

1. Most arithmetic operations are based on the use of a full-adder module which can add pairs of 
binary bits and initiate and propagate any carries that arise. The full-adder is explained, and 
several examples are given, including several popular IC adders.  

2. The addition and subtraction of binary numbers can be effected by using adders and gates 
correctly connected. The layouts for 2s complement and I s complement addition-subtraction 
units are shown and the general principles explained.  

3. Binary-coded-decimal (BCD) adders and substrates use a different layout than straight binary, 
and this subject is explained. Serial-parallel addition and subtraction using only a single BCD 
adder is often used in computers, and this subject is explained and examples are shown.  

4. Multiplication and division are generally performed using three flip-flop registers and a sequence 
of addition, subtraction, and shift operations. The procedures for the operations are explained and 
examples given. High-speed multiplication using gate networks is covered also.  

5. Arithmetic-logic units which can add, subtract, and perform logical operations form the 
backbone for the arithmetic and control operations in computers. The organization of these units 
is explained.  

6. To perform scientific calculations, the floating-point number system is often used, particularly 
when high-level languages are written by the programmer. The structure of floating-point 
number systems is shown, and several example systems are explained.  

 



Construction of the ALU 
 
The symbol for an ALU is normally written : 

Where the Function input selects the desired 
combination of the two inputs.If, the Function input 
consists of 2 control lines, 4 functions are possible: 
e.g. 
• 00 Add C       = A + B 
• 01 Subtract C = A - B 
• 10 And C       = A and B 
• 11 Or C         = A or B 

If we increase the number to 3 control lines then 
further functions (8 in total) are possible – e.g.  xor 
ALU’s are constructed by creating each of the functions  
separately, and then using a multiplex or to select the 
desired output. The Function input is used for the input 

address lines of the multiplex. 
 The information handled in a computer is generally divided into "words" each consisting of a 
fixed number of bits. For instance, the words handled by a given binary machine may be 32 bits in 
length. In this case, the ALU would have to be capable of adding, subtracting, etc., words 32 bits in 
length. The operands used are supplied to the ALU, and the control element directs the operations that 
are performed. If addition is to be performed, the addend and augends will be supplied to the ALU 
which must add the, numbers and then, at least temporarily, store the results (sum).  
 To introduce several concepts, let us consider the construction of a typical computer ALU. The 
storage devices will consist of a set of flip-flop registers, each of which consists of one or more flip-
flops. For convenience, the various registers of the ALU are generally given names such as X register, B 
register, MQ register, etc., and the flip-flops are then given the same names, so that the X register would 
contain flip-flops X1, X2, X3, etc.  
 Many computers (especially microprocessors) have a register called an accumulator which is the 
principal register for arithmetic and logical operations. This register store the result of each arithmetic or 
logical operation, and getting circuitry is attached to the register so that the necessary operation can be 
performed on its content and any register involved.  
 An accumulator is basic storage register of the arithmetic element. If the machine instructed to 
load the accumulator, then control element will first clear the accumulator of whatever may have been 
stored in it. Then put the operand selected in storage into the accumulator will represent the augends. 
Then addend will locate in to the memory, and computer circuitry will add this number to the number 
previously store in to the accumulator and store the sum in to accumulator. Notice that original augends 
will not longer stored in to accumulator. 
   For computer have more than one accumulator, which are named as A, B, C, D etc,  
 

Figure 1 



Integer Representation 
 
 The number used in digital machines must be represented by using such storage devices as flip-
flops. The most direct number representation system for binary-valued storage device is an integer 
representation system. Figure 2 show a register of four flip-flops X3,X2,X1, and X0 used to store 
numbers. 

 
Figure 2 

  
 Simply writing the values or states of the flip-flops gives the number in integer form. Thus, X3 = 
1, X2 = 1, Xl = 0, X0 = 0 gives 1100, or decimal 12, whereas X3 = 0, X2 = 1, Xl = 0, Xo = 1 gives 0101, 
or decimal 5.  
 It is generally necessary to represent both positive and negative numbers; so an additional bit is 
required, called the sign bit. This is generally placed to the left of the magnitude bits. In Fig. 2(b) X4 is 
the sign bit, and so X3, X2, Xl and  X0  will give the magnitude.  
 A 0 in X4 means that the number is positive, and a 1 in X4 means that the number is negative 
(this is the usual convention). So X4 = 0, X3 = 1, X2 = 1, Xl = 0, and Xo = 1 gives positive 1101 or + 13 
in decimal; and X4 = 1, X3 =1, X2=1, Xl = 0, and X0 = 1 gives negative 1101, or -13 in decimal.  
 This system is called the signed-integer binary system, or signed-magnitude binary integer 
system. If a register contains eight flip-flops, a signed binary number in the system would have 7 
magnitude, or integer, bits and a single sign bit. So 0000 1111 would be + 15, and 1000 1111 would be - 
15, since the leading 0 and 1 indicate the plus and minus signs only. The magnitude of numbers which 
can be stored in the two representation systems in Fig. 2 are as follows: 

1. For binary integer representation, an n-flip-flop register can store from (decimal) 0 to 2n - 1. 
A 6-bit register can therefore store from 000000 to 111111, where 111111 is 63, which is 26 - 
1, or 64 - 1. 

2. The signed binary integer representation system has a range of - (2n-1 - 1) to + (2n-l - 1) for a 
binary register. For instance, a seven-flip-flop register can store from -111111 to +111111, 
which is -63 to +63 [(26 - 1) to + (26 - 1)]. 



Binary Half Adder 
 

 A basic module used in binary arithmetic elements is the half-adder. The function of the 
half-adder is to add two binary digits, producing a sum and a carry according to the binary 
addition rules shown in Table 1.  
 

Table 1 
 Input Sum Bit 
0+0 0 
0+1 1 
1+0 1 
1+1 0 With a carry of 1 

 
 Figure 3 shows a design for a half-adder. There are two inputs to the half-adder, 
designated X and Y in Fig. 3, and two outputs, designated S and  C. The half-adder performs the 

binary addition operation for two 
binary inputs shown in Table 1. This 
is arithmetic addition, not logical or 
Boolean algebra addition. As shown 
in Fig. 3, there are two inputs to the 
half-adder and two outputs. If either 
of the inputs is a 1 but not both, then 
the output on the S line will be a 1. If 
both inputs are 1s, the output on the 
C (for carry) line will be a 1. For all 
other states, there will be a 0 output 
on the CARRY line. These 
relationships may be written in 
Boolean form as follows: 
 
S= XY’ + X’Y 
C=XY 
 A quarter-adder consists of 

the two inputs to the half-adder and the S output only. The logical expression for this circuit is, 
therefore, S = XY’ + X’Y. This is also the exclusive OR (XOR  ⊕ ) relationship for Boolean 
algebra. 



Full – Adder 
 When more than two binary digits are to be added, several half-adders will not be 
adequate, for the half-adder has no input to handle carries from other digits. Consider the 
addition of the following two binary numbers: 

 
 
 As shown, the carries generated in 
each column must be considered during 
the addition process. Therefore adder 
circuitry capable of adding the contents of 
two registers must include provision for 
handling carries as well as addend and 
augends  bits. So there must be three 
inputs to each stage of a muItidigit adder-
except the stage for the least significant 

bits-one for each input from the numbers being added and one for any carry that might have been 
generated or propagated by the previous stage. 
 The block diagram symbol for a full binary adder, which will handle these carries, is 
illustrated in Fig. 4, as is the complete table of input-output relationships for the full-adder. There 
are three inputs to the full-adder: the X and Y inputs from the respective digits of the registers to 
be added and the C input, which is for any carry generated by the previous stage. The two 
outputs are S, which is the output value for that stage of the addition, and C0, which produces the 
carry to be added into the next stage.3 The Boolean expressions for the input-output relationships 
for each of the two outputs are also presented in Fig. 4, as is the expression for the C0 output in 
simplified form.  

    
 A full-adder may be constructed of two half-adders, as illustrated in Fig. 5. Constructing 
a full-adder from two half-adders may not be the most economical technique, however; generally 
full-adders are designed directly from the input/output relations illustrated in Fig. 4. 



A Parallel Binary Adder 
 A 4-bit parallel binary adder is illustrated in Fig. 6. The purpose of this adder is to add 
two 4-bit binary integers. The addend inputs are ,named Xo through X3, and the augends bits are 
represented by Y0 through Y3. The adder shown do not possess the ability to handle sign bits for 
the binary words to be added, but only adds the magnitudes of the numbers stored. The 
additional circuitry needed to handle sign bits is dependent on whether negative numbers are 
represented in true magnitude or in the 1s or 2s complement systems. 

 
Consider the addition of the following two 4-bit binary number. 
 

 
The sum should be S3=1,S2=0,S1=1 and S0=0. 
 

 The operation of the adder may be checked as follows. Since X0 and Y0 are the least significant 
digits, they cannot receive a carry from a previous stage. In the problem above, X0 and Y0 are both 1s, 
their sum is therefore 0, and a carry is generated and added into the full-adder for bits X1 and Y1. Bits 
Xl and Yl are also both 1s, as is the carry input to this stage. Therefore, the sum output line Sl carries a 
1, and the CARRY line to the next stage also carries a 1. Since X2 is a 1, Y2 is a 0, and the carry input is 
1, the sum output line S2 will carry a 0, and the carry to the next stage will be a 1. Both inputs X3 and 
Y3 are equal to 0, and the CARRY input line to this adder stage is equal to 1. Therefore, the sum output 
line S3 will represent a 1, and the CARRY output line, designated as "overflow" in Fig. 6,will have a 
output.  



 The same basic configuration illustrated in Fig. 6 may be extended to any number of bits. A 7-bit 
adder may be constructed by using 7 full-adders, and a 20-bit adder by using 20 full-adders. 
 Note that the OVERFLOW line could be used to enable the 4-bit adder in Fig. 6 to have a 5-bit 
output. This is not generally done, however, because the addend and augends both come from storage, 
and so their length is the length of the basic computer word, and a longer word cannot be readily stored 
by the machine. It was explained earlier that a machine with a word length of n bits (consisting of sign 
bit and n - I bits to designate the magnitude) could express binary numbers from - 2n - 1 + 1 to 2n -1 - 1. A 
number within these limits is called represent able. Since the simple 4-bit adder in Fig. 6 has no sign bit, 
it can represent only binary integers from 0 to 15. If 1100 and 1100 are added in the adder illustrated in 
Fig. 6, there will be a 1 output on the OVERFLOW line because the sum of these two numbers is 11000. 
This number is 24 decimal and cannot be represented in this system. Such a number is referred to as non 
represent able for this particular very small register. When two integers are added such that their sum is 
non represent able (that is, contains too many bits), then we say the sum overflows, or an overflow 
occurs and a 1 on the CARRY line for the full adder connected to the most significant digits indicates 
this.  
 The AND gates connected to the S output lines from the four adders are used to gate the sum into 
the correct register. 
 
Positive and Negative Number 
 
 When numbers are written in the decimal system, the common practice is to write the number as 
a magnitude preceded by a plus or minus sign, which indicates whether the number is positive or 
negative. Hence + 125 is positive and -125 is negative. The same practice is generally used with binary 
numbers: +111 , is positive 7, and - 110 is negative 6. To handle both positive and negative numbers, the 
computer must have some means of distinguishing a positive from a negative number. And, as 
previously explained, the computer word usually contains a sign bit, generally adjacent to the most 
significant bit in the computer word. In the systems to be described, a 1 in the sign bit will indicate a 
negative number and a 0 in the sign bit a positive number. 
 We have examined the representation of numbers using a signed-integer magnitude 
representation system. Two other representation systems, however, are used more often-the 1s and 2s 
complement systems. (The 2s complement system is the most frequently used at present.) The advantage 
of these systems is that both positive and negative numbers can be added or subtracted by using only an 
adder of the type already explained. 
 Here are the three basic systems. 

1. Negative numbers may be stored in their true magnitude form. Thus the binary number - 0011 
will be stored as 10011, where the 1 indicates that the number stored is negative and the 00 11 
indicates the magnitude of the number. 5  

2. The Is complement of the magnitude may be used to represent a negative number. The binary 
number - 0111 will, therefore, be represented as 11000, where the 1 indicates that the number is 
negative and 1000 is the 1s complement of the magnitude. (The Is complement is formed by 
simply complementing each bit of the positive magnitude.) 

3. The 2s complement may be used to represent a negative binary number. For instance, - 0111 
would be stored as 11001, where the 1 in the sign bit indicates that the number is negative and 
the 1001 is the 2s complement of the magnitude of the number. (The 2s complement is formed 
by 1s-comp1ementing the magnitude part 0111, giving 1000, and then adding 1 to the least 
significant digit, giving 1001.) 



Addition in the 1s Complement System 
 

The 1s complement system for representing negative numbers is often used in parallel binary 
machines. The main reason is the ease with which the 1s complement of a binary number may be 
formed, since only complementing each bit of a binary number stored in a flip-flop register is required. 
Before we discuss the implementations of an adder for the 1s complement system, we note the four 
possible basic situations which may arise in adding combinations of positive and negative numbers in 
the 1s complement system:  

1. When a positive number is added to another positive number, the addition of all bits, including 
the sign bit, is straightforward. Since both sign bits will be 0s, no sum or carry will be generated 
in the sign-bit adder and the output will remain 0. Here is an example of the addition of two 4-bit 
positive numbers.6  

 
2. When a positive and a negative number are added, the sum may be either positive or negative. If 

the positive number has a greater magnitude, the sum will be positive; and if the negative 
number is greater in magnitude, the sum will be negative. In the 1s complement system, the 
answer will be correct as is if the sum of the two numbers is negative in value. In this case no 
overflow will be generated When the numbers are added. For instance 

 
 In this case, the output of the adder will be 10110, the last 4 bits of which are—the 1s 
complement of 1001, the correct magnitude of the sum. The 1 in the sign bit is also correct, 
indicating a negative number. 

3. If the positive number is larger than the negative number, the sum before the end-around carry is 
added will be incorrect. The addition of the end-around carry will correct this sum. There will be 
a  0 in the sign bit, indicating that the sum is positive. 

 
Notice what happens when two numbers of equal magnitude but opposite signs are added: 
 

 
 

The result in these cases will be a negative zero (11111), which is correct. 
 



4. When two negative numbers are added, an end-around carry will always be generated, as will a 
carry from the adder for the first bits of the magnitudes of the numbers. This will place a I in the 
sign bit. 

 
 
The output of the adder will be in 1s complement form in each case, with a 1 in the sign-bit position. 
 

From the above we see that in order to implement an adder which will handle 4-bit magnitude 
signed 1s complement numbers, we can simply add another full adder to the configuration in Fig. 6. The 
sign inputs will be labeled X4 and Y4, and the Co output from the adder connected to X3 and Y3 will be 
connected to the C; input of the new full-adder for X4 and Y4. The C0 output from the adder for X4 and 
Y4 will be connected to the C; input for the adder for X0 and Y0. The S4 output from the new adder will 
give the sign digit for the sum. (Overflow will not be detected in this adder; additional gates are 
required.) 
 
 
Addition in the 2s Complement System 
  

When negative numbers are represented in the 2s complement system, the operation of addition 
is very similar to that in the 1s complement system. In parallel machines, the 2s complement of a 
number stored in a register may be formed by first complementing the register and then adding 1 to the 
least significant bit of the register. This process requires two steps and so is more time-consuming 7 than 
the 1 s complement system. However, the 2s complement system has the advantage of not requiring an 
end-around carry during addition. Four situations may occur in adding two numbers when the 2s 
complement system is used: 

1. When both numbers are positive, the situation is completely identical with that in case 1 in the 1s 
complement system. 

2. When one number is positive and the other negative, and the large number is the positive 
number, a carry will be generated through the sign bit. This carry may be discarded, since the 
outputs of the adder are correct, as shown below: 

 
3. When a positive and negative number are added and the negative number is the larger, no carry 

will result in the sign bit, and the answer will again be correct ,as it stands: 

 
 

Note: 1 must be added to the least significant bit of a 2s complement negative number in converting 
it to a magnitude. For example, 



 
When both numbers are the same magnitude, the result is as follows: 

 
4. When a positive and a negative number of the same magnitude are added, the result will be a 

positive zero. 4 When two negative numbers are added, a carry will be generated in the sign bit 
and also in the bit to the right of the sign bit. This will cause a 1 to be placed in the sign bit, 
which is correct, and the carry from the sign bit may be discarded.  

 
 

For parallel machines, addition of positive and negative numbers is quite simple, since any 
overflow from the sign bit is simply discarded. Thus for the parallel adder in Fig. 6  we simply add 
another full-adder, with X4 and Y4 as inputs and with the CARRY line C0 from the full-adder, which 
adds X3 and Y3, connected to the carry input Ci to the full-adder for X4 and Y4. A 0 is placed on the Ci 
input to the adder connected to X0 and Y0. 

 This simplicity in adding and subtracting has made the 2s complement system the most popular 
for parallel machines. In fact, when signed-magnitude systems are used, the numbers generally are 
converted to 2s complement before addition of negative numbers or subtraction is performed. Then the 
numbers are changed back to signed magnitude 

We now examine the design of a gating network which will either add or subtract two numbers. 
The network is to have an ADD input line and a SUBTRACT input line as well as the lines that carry 
the representation of the numbers to be added or subtracted. When the ADD line is a 1, the sum of the 
numbers is to be on the output lines; and when the SUBTRACT line is a 1, the difference is to be on the 
output lines. If both ADD and SUBTRACT are 0s, the output is to be 0. 

First we note that if the computer is capable of adding both positive and negative numbers, 
subtraction may be performed by complementing the subtrahend and then adding. For instance, 8 - 4 
yields the same result as 8 + (-4), and 6 - (- 2) yields the same result as 6 + 2. Subtraction therefore may 
be performed by an arithmetic element capable of adding, by forming the complement of the subtrahend 
and then adding. For instance, in the 1s complement system, four cases may arise: 
 

 



The same basic rules apply to subtraction in the 2s complement system, except that any carry 
generated in the sign-bit adders is simply dropped. In this case the 2s complement of the subtrahend is 
formed, and then the complemented number is added to the minuend with no end-around carry.  

We now examine the implementation of a combined adder and subtracter network. The primary 
problem is to form the complement of the number to be subtracted. This complementation of the 
subtrahend may be performed in several ways. For the 1s complement system, if the storage register is 
composed of flip-flops, the 1s complement can be formed by simply connecting the complement of each 
input to the adder. The 1 which must be added to the least significant position to form a 2s complement 
may be added when the two numbers are added by connecting a 1 at the CARRY input of the adder for 
the least significant bits. 

A complete logical circuit capable of adding or subtracting two signed 2s complement numbers 
is shown in Fig. 7. One number is represented by X4, X3, X2, X1 and X0, and the other number by Y4, 
Y3, Y2, Y1, and Y0. There are two control signals, ADD and SUBTRACT. If neither control signal is a 
1 (that is, both are 0s), then the outputs from the five full-adders, which are S4, S3, S2, S1, and S0, will 
all be 0s. If the ADD control line is made a 1, the sum of the number X and the number Y will appear as 
S4, S3, S2, S1, and S0 If the SUBTRACT line is made a 1, the difference between X and Y (that is, X - 
Y) will appear on S4,S3, S2, S1 and S0. 

Notice that the AND-to-OR gate network connected to each Y input selects either Y or Y’, so 
that, for instance,  an ADD causes Y1 to enter the appropriate full adder, while a SUBTRACT causes 
Y1’ to enter the full-adder. 

To either add or subtract, each X input is connected to the appropriate full adder. When a 
subtraction is called for, the complement of each Y flip-flop is gated into the full-adder, and a 1 is added 
by connecting the SUBTRACT signal to the Ci input of the full-adder for the lowest order bits X0 and 
Y0. Since the SUBTRACT line will be a 0 when we add, a 0 carry will be on this line when addition is 
performed. 

The simplicity of the operation of Fig. 7 makes 2s complements addition and subtraction very 
attractive for computer use, and it is the most frequently used system. 

 The configuration in Fig. 7  is the most frequently used for addition and subtraction because it 
provides a simple, direct means for either adding or subtracting positive or negative numbers. Quite 
often the S4, S3, ... , S0 lines are gated back into the X flip-flops, so that the sum or difference of the 
numbers X and Y replaces the original value of X. 

An important consideration is overflow. In digital computers, an overflow is said to occur when 
the performance of an operations results in a quantity beyond the capacity of the register (or storage 
register) which is to receive the result. Since the registers in Fig. 7 have a sign bit plus 4 magnitude bits, 
they, can store from + 15 to - 16 in 2s complement form. Therefore, if the result of an addition or a 
subtraction were greater than + 15 or less than -16, we would say that an overflow  had occurred. 
Suppose we add +8 to + 12; the result should be +20, and this cannot be represented (fairly) in 2s 
complement on the lines S4, S3, ... , S0 The same thing happens if we add - 13 and - 7 or if we subtract - 
8 from + 12. In each case, logical circuitry is used to detect the overflow condition and signal the 
computer control element. Various options are, then available, and what is done can depend on the type 
of instruction being executed. (Deliberate overflows are sometimes used in double-precision routines. 
Multiplication and division use the results as are.)  

The parallel adder-subtracter configuration in Fig. 7 is quite important, and it is instructive to try 
adding and subtracting several numbers in 2s complement form, using pencil and paper and this logic 
circuit. 



 



Binary Coded Decimal Adder 
Arithmetic units which perform operations on numbers stored in BCD form must have the ability 

to add 4-bit representations of decimal digits. To do this, a BCD adder is used. A block diagram symbol 
for an adder is shown in Fig. 8. The adder has an augends digit input consisting of four lines, an addend 
digit input of four lines, a carry-in and a carry-out, and a sum digit with, four output lines. The augends 
digit, addend digit, and sum digit are each represented in 8421 BCD form. The purpose of the BCD 
adder in Fig. 8 is to add the augends and addend digits and the carry-in and produce a sum digit and 
carry-out. This adder could be designed by using the techniques in number system.  

It is also possible to make a 
BCD adder by using full-adders and 
AND or OR gates. An adder made in 
this way is shown in Fig. 9. There are 
eight inputs to the BCD adder; four Xi 
or augend, inputs; and four Yi, or 
addend, digits. Each input will 
represent a 0 or a 1 during a given 
addition.If 3 (0011) is to be added to 2 
(0010), then X8 = 0, X4 = 0, X2 = 1, 
and XI = 1; Y8 = 0, Y4 = 0, Y2 = 1, 
and Y1 = O. 

The basic adder in Fig. 9 
consists of the four binary adders at the 
top of the figure and performs base-16 
addition when the intent is to perform 

base-10 addition. Thus some provision must be made to (1) generate carries and (2) correct sums greater 
than 9. For instance, if 310 (00 11) is added to 810 (l 000), the result should be 110(0001) with a carry 

generated. 
The actual circuitry which 

determines when a carry is to be 
transmitted to the next most significant 
digits to be added consists of both the 
full binary adder to which sum (S) 
outputs from the adders for the 8,4,2 
inputs are connected and the OR gate 
to which the carry (C) from the eight-
position bits is connected. An 
examination of the addition process 
indicates that a carry should be 
generated when  the 8 AND 4 , or 8 
AND 2, or 8 AND 4 AND 2 sum 
outputs from the base-16 adder 
represent 1s, or when the carry output 
from the eight position adder contains a 
1. 

Whenever the sum of two digits 
exceeds 9, the CARRY to next Higher 



order ADDER line contains a 1 for the adder in fig 9. 
A further difficulty arises when carry is generated. If 710 (0110), a carry will be generated, but 

the output from the base-16 adder will be 1011. this 1101 does not represent any decimal digits in8421 
BCD and must be corrected. The method should be corrected this is to add 610 (0110) and solve the 
problem as per we calculate in number system. 

For example, 

 
Shift Operation 

A shift operation is an operation which moves the digits stored in a register to new positions in 
the register. There are two distinct shift operations: a shift-left operation and a shift right operation. 

 A shift-left operation moves each bit of information stored in a register to the left by some 
specified number of digits. Consider the six binary digits 000110, which we assume to be stored in a 
parallel binary register. If the contents of the register are shifted left 1, afterward the shift register will 
contain 001100.  

 
If a shift right of 1 is performed on the word 000110, afterward the shift register will contain 

000011. The shifting process in a decimal register is similar:  



if the register contains 001234, after a right shift of 1 the register will contain 000123, or after a 
left shift of 1 the register will contain 012340. The shift operation is used in the MUL TIPL Y and the 
DIVIDE instructions of most machines and is provided as an instruction which may be used by 
programmers. For instance, a machine may have instructions SHR and SHL, where the letters represent 
in mnemonic form the order for SHIFT RIGHT and SHIFT LEFT instructions.  

A block diagram of logic circuitry for a single stage (flip-flop) in a register which can be shifted 
either left or right is shown in Fig. 10. As can be seen, the bit to the left is shifted into X when SHIFT 
RIGHT is a 1, and the bit to the right is shifted into X when SHIFT LEFT is a 1. 

 
Binary Multiplication                      

 
Multiplication of two numbers in binary representation can be performed by a process of SHIFT 

and ADD operations. Since the binary number system allows only 0 and 1's, the digit multiplication can 
be replaced by SHIFT and ADD operation only, because multiplying by 1 gives the number itself and 
multiplying by 0 produces 0 only. The multiplication process is illustrated with a numerical example. 
 

                       
The process consists of looking at successive bits of the multiplier, least significant bit first. If 

the multiplier bit is a 1, the multiplicand is copied down otherwise, zeros are copied down. The numbers 
copied down in successive lines are shifted one position to the left from the previous number. Finally, 
the numbers are added and their sum forms the product. When multiplication is implemented in a digital 
computer, the process is changed slightly. Instead of providing registers to store and add simultaneously 
as many binary numbers as there are bits in the multiplier, it is convenient to provide an adder for the 
summation of only two binary numbers and successively accumulate the partial products in a register. It 
will reduce the requirements of registers. Instead of sifting the multiplicand to the left, the partial 
product is shifted to right. When the corresponding bit of the multiplier is 0, there is no need to add all 
zeros to the partial product. An algorithm to multiply two binary numbers. Consider that the ALU does 
not provide the multiplication operation, but it is having the addition operation and shifting operation. 
Then we can write a micro program for multiplication operation and provide the micro program code in 
memory. When a multiplication operation is encountered, it will execute this micro code to perform the 
multiplication.  

The micro code is nothing but the collection of some instructions. ALU must have those 
operation; otherwise we must have micro code again for those operations which are not supported in 
ALU. Consider a situation such that we do not have the multiplication operation in a primitive computer. 
Is it possible to perform the multiplication. Of course, yes, provided the addition operation is available.  
  We can perform the multiplication with the help of repeated addition method; for example, if we 



want to multiply 4 by 5 ( 4 5), then simply add 4 five times to get the result.If it is possible by addition 
operation, then why we need a multiplication operation.Consider a machine, which can handle 8 bit 
numbers, then we can represent number from 0 to 255. If we want to multiply 175 225, then there will 
be at least 175 addition operation.But if we use the multiplication algorithm that involves shifting and 
addition, it can be done in 8 steps, because we are using an 8-bit machine. Again, the micro program 
execution is slightly slower, because we have to access the code from micro controller memory, and 
memory is a slower device than CPU.It is possible to implement the multiplication algorithm in 
hardware. Binary Multiplier, Hardware Implementation  

The block diagram of binary multiplier is shown in the Figure 11. 

                   
                                                 Figure 11: Block diagram of binary multiplier 

The multiplicand is stored in register B and the multiplier is stored in register Q. The partial 
product is formed in register A and stored in A and Q The counter P is initially set to a number equal to 
the number of bits in the multiplier. The counter is decremented by 1 after forming each partial product. 
When the content of the counter reaches zero, the product is formed and the process stops.  
Initially, the multiplicand is in register B and the multiplier in Q. The register A is reset to 0. 
The sum of A and B forms a partial product- which is transferred to the EA register. 
Both partial product and multiplier are shifted to the right. The least significant bit of A is shifted into 
the most significant position of Q; and 0 is shifted into E. After the shift, one bit of the partial product is 
shifted into Q, pushing the multiplier bits one position to the right. The right most flip flop in register Q, 
designated by Q0 will hold the bit of the multiplier which must be inspected next. If the content of this 
bit is 0, then it is not required to add the multiplicand, only shifting is needed. If the content of this bit is 
1, then both addition and shifting are needed.  

After each shifter, value of counter P is decremented and the process continues till the counter 
value becomes 0.The final result is available in ( EAQ ) registers combination. To control the operation, 
it is required to design the appropriate control logic that is shown in the block diagram. 

The flow chart of the multiplication operation is given in the Flow chart. 



 
 Flow chart of the multiplication operation 

The working of multiplication algorithm is shown here with the help of an example. Multiplicand:  
B=11001   

 
 

 
 

           
 
 



Division 
 

The operation of divisionis the most difficult and time-consuming that the ALU of most general-
purpose computers performs. Although division may appear no more difficult than multiplication, 
several problems in connection with the division process introduce time-consuming extra steps. 

 Division, using pencil and paper, is a trial-and-error process. For instance, if we are to divide 77 
into 4610, we first notice that 77 will not "go" into 46; so we attempt to divide 77 into 461. We may 
guess that it will go six times; however, 

 
Therefore we have guessed too high and must reduce the first digit of the quotient, we will 

develop, to 5.  
The same problem confronts the computer when it attempts to divide in this manner. It must 

"try" a subtraction each step of the process and then see whether the remainder is negative. Consider the 
division of 1111 by 11: 

 

 
 

It is easy to determine visually at any step of the process whether the quotient is to be a 1 or a 0, 
but the computer cannot determine this without making a trial subtraction each time. After a trial 
quotient has been tried and the divisor subtracted, if the result is negative, either the current dividend 
must be "restored" or some other technique for dividing used.  

 
There are several points to be noted concerning binary fixed-point integer value division. The 

division is generally performed with two signed binary integers of the same fixed length. The result, or 
quotient, is stored as a number, with as many digits as the divisor or dividend, and the remainder is also 
stored as a number of the same length.  

Using the registers shown in Fig. 12, we show how to divide a number stored in the accumulator 
by a number in the Y register. Then the quotient is stored in the B register and the remainder in the 
accumulator. This is the most common division format. 

 Assume the B and Y registers in Fig. 12 are 5 bits in length (4 bits plus a sign bit) and the 
accumulator is also 5 bits in length. Before we start the procedure, the dividend is read into the 
accumulator, and the divisor into the Y register. After the division, the quotient is stored in the B 
register, and the remainder is in the accumulator. Both divisor and dividend are to be positive. 

 



 
The following shows an example. The accumulator (dividend) originally contains 11 (decimal) 

and the Y register (divisor) contains 4. The desired result then gives the quotient 2 in the B register and 
the remainder 3 in the accumulator. 

 
 

 
 
 
 
 
 
 
 


