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ABSTRACT 

 

The adder is the critical element in most digital circuit designs including Digital Signal Processor and Micro 

Processor data path unit. As such, extensive research and usage continuous, it is focused on improving the 

performance of the adder. Parallel prefix adders are known to have the best performance. This project 

investigates parallel prefix adder i.e. spanning tree adders. In Existing VLSI implementation, the spanning tree 

adder is implemented using normal full adders. For implementing existing 16 bit addition design it requires 16 

normal full adders. In the proposed design, Full adders can be replaced using Quaternary logic for improving the 

performance of the parallel prefix adder. At the same time, in this project, performance evaluation between the 

corresponding adders should be done based on the number of components (no of full adders). For implementing 

proposed16 bit addition including QSD design it requires only 8 normal full adders .In this project, Xilinx ISE 

tool is used for verifying the functionality and performing the synthesis also. The proposed design also extended 

to exist 16 bit to 64 bit also. Comparisons are done between the existed spanning and the proposed spanning with 

QSD based on the number of components (no of full adders) also. 

 

                     I. INTRODUCTION 

           These high performance adders are essential since the speed of the digital processor depends heavily on the 

speed of the adders used in the system. Also, it serves as a building block for synthesis of all other arithmetic 

operations. Adders are most commonly used in various electronic applications e.g. Digital signal processing in 

which adders are used to perform various algorithms like FIR, IIR etc. In past, the major challenge for VLSI 

designer is to reduce area of chip by using efficient optimization techniques. Then the next phase is to increase the 

speed of operation to achieve fast calculations like, in today’s microprocessors millions of instructions are 

performed per second. Speed of operation is one of the major constraints in designing DSP processors. 

The redundancy associated with signed-digit numbers offers the possibility of carry free addition. The 

redundancy provided in signed-digit representation allows for fast addition and subtraction because the sum or 

difference digit  is a function of only the digits in two adjacent digit positions of the operands for a radix greater 

than 2, and 3 adjacent digit positions for a radix of 2. Thus, the add time for two redundant signed-digit numbers 

is a constant independent of the word length of the operands, which is the key to high speed computation. The 

advantage of carry free addition offered by QSD numbers is exploited in designing a fast adder circuit. 

Additionally adder designed with QSD number system has a regular layout which is suitable for VLSI 

implementation which is the great advantage over the RBSD adder. An Algorithm for design of QSD adder is 

proposed. This algorithm is used to write the VHDL/Verilog code for QSD adders. VHDL/Verilog codes for QSD 

adder is simulated and synthesized and the timing report is generated. The timing report gives the delay time 

produced by the adder structure. Binary signed-digit numbers are known to allow limited carry propagation with a 

somewhat more complex addition process requiring very large circuit for implementation. A special higher radix-

based (quaternary) representation of binary signed-digit numbers not only allows carry-free addition and borrow-

free subtraction but also offers other important advantages such as simplicity in logic and higher storage density. 

. 
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II. ADDER 

 

In electronics, an adder is a device which will perform the addition. In computing, the adder is part of 

the ALU, and some ALUs contain multiple adders. Although adders can be constructed for many numerical 

representations, such as BCD or excess-3, the most common adders operate on binary numbers. For single bit 

adders, there are two general types. A half adder has two inputs, generally labelled A and B, and two outputs, 

the sum S and carry output Co. S is the two-bit xor of A and B, and Co is the two-bit and of A and B. Essentially 

the output of a half adder is the two-bit arithmetic sum of two one-bit numbers, with Co being the most 

significant of these two outputs. 

The other type of single bit adder is the full adder which is like a half adder, but takes an additional 

input carry Ci. A full adder can be constructed from two half adders by connecting A and B to the input of one 

half adder, connecting the sum from that to an input to the second adder, connecting Ci to the other input and or 

the two carry outputs. Equivalently, S could be made the three-bit xor of A, B, and Ci and Co could be made the 

three-bit majority function of A, B, and Ci. The output of the full adder is the two-bit arithmetic sum of three 

one-bit numbers. 

The purpose of the carry input on the full-adder is to allow multiple full-adders to be chained together 

with the carry output of one adder connected to the carry input of the next most significant adder. The carry is 

said to ripple down the carry lines of this sort of adder, giving it the name ripple carry adder. 

There are also several types of multi-bit adders. The ripple carry adder, described above, is the simplest 

type, as well as the slowest, since it requires changes to propagate through every full adder in the worst case. 

Carry look ahead adders work by creating Propagate and Generate signals (P and G) for each bit position, based 

on whether a carry is propagated through from a less significant bit position (at least one input is a '1'), a carry is 

generated in that bit position (both inputs are '1'), or if a carry is killed in that bit position (both inputs are '0'). In 

most cases, P is simply the sum output of a half-adder and G is the carry output of the same adder. After P and 

G are generated the carries for every bit position are created. Some advanced carry look ahead architectures are 

the Manchester carry chain and the Brent-Kung adder. Some other multi-bit adder architectures break the adder 

into blocks. It is possible to vary the length of these blocks based on the propagation delay of the circuits to 

optimize computation time. These block based adders include the carry bypass adder which will determine P 

and G values for each block rather than each bit, and the carry select adder which pre-generates sum and carry 

values for either possible carry input to the block. 

 

A. Basic Adder Unit 

The most  basic  arithmetic  operation  is  the  addition  of  two  binary  digits,  i.e.  Bits.   A 

combinational circuit that adds two bits, according the scheme outlined below, is called a half adder.   A  full  

adder  is  one  that  adds  three  bits,  the  third  produced  from  a  previous  addition operation.    One  way  of  

implementing  a  full  adder  is  to  utilizes  two  half  adders  in  its implementation. The full adder is the basic 

unit of addition employed in all the adders studied here   

B. Half Adder  
 A half adder is used to add two binary digits together, A and B.  It produces S, the sum of A and B, and the 

corresponding carry out Co.  Although by itself, a half adder is not extremely useful,  it  can  be  used  as  a  

building  block  for  larger  adding  circuits  (FA). One possible implementation is using two AND gates, two 

inverters, and an OR gate instead of a XOR gate as shown in Fig. 1.  

 
 

Figure.1: Half-Adder logic and block diagrams 
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     Boolean Equations: 

S = A  B= A’B + AB’ 

Co = AB 

Table 1: Half-Adder truth table 

A B S Co 

0 0 0 0 

0 1 1 0 

1 0 1 0 

1 1 0 1 

 

C. Full Adder  

A full adder is a combinational circuit that performs the arithmetic sum of three bits: A, B and a carry in, C, 

from a previous addition, Fig. 2.  Also, as in the case of the half adder, the full adder produces the corresponding 

sum, S, and a carry out Co.   As mentioned previously a full adder maybe designed by two half adders in series 

as shown below in Figure 3. 

The sum of A and B are fed to a second half adder, which then adds it to the carry in C (from a previous 

addition operation) to generate the final sum S.  The carry out, Co, is the result of an OR operation  taken  from  

the  carry  outs  of  both  half  adders.   There  are  a  variety  of  adders  in  the literature both at the gate level 

and transistor level each giving different performances   

 

 

Figure.2: Full-Adder logic and block diagrams 
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Figure.3: Full-Adder logic diagram using two half adders 

Boolean Equations:  

S = C ⊕  (A ⊕  B) 

Co = AB + C (A  ⊕   B)                         

Table 2: Full Adder Truth Table 

A 

B C S Co 

0 0 0 0 0 

0 0 1 1 0 

0 1 0 1 0 

0 1 1 0 1 

1 0 0 1 0 

1 0 1 0 1 

1 1 0 0 1 

1 1 1 1 1 

    

  D.Parallel adders: 
Parallel adders are digital circuits that compute the addition of variable binary strings of  equivalent  or  

different  size  in  parallel. The  schematic  diagram  of  a  parallel  adder  is  shown below in Fig. 4. Parallel 

adders let us add multiple-digit numbers. 

 

Figure.4: Parallel Adder 

In this project we will review the implementation technique of several types of adders and  study their 

characteristics and performance. These are  

� Ripple carry adder, or carry propagate adder, 

� Carry look-ahead adder   

� Carry skip adder,   
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� Carry-Select Adder 

 

Ripple-Carry Adder  

  The ripple carry adder is constructed by cascading full adders (FA) blocks in series.  One full adder is 

responsible for the addition of two binary digits at any stage of the ripple carry.  The carryout of one stage is fed 

directly to the carry-in of the next stage. A  number  of  full  adders  may  be  added  to  the  ripple  carry  adder  

or    ripple  carry  adders  of different  sizes may be  cascaded  in order  to  accommodate binary vector  strings 

of  larger  sizes.   

For an  n-bit  parallel  adder,  it  requires  n  computational  elements  (FA).    Figure  4  shows  an 

example of a parallel adder: a 4-bit ripple-carry adder.   It  is composed of four full adders.   The augend‟s bits 

of x are added to the addend bits of y respectfully of their binary position.  Each bit addition creates a  sum and a 

carry out. The  carry out  is  then  transmitted  to  the carry  in of  the next higher-order bit.  The final result 

creates a sum of four bits plus a carry out (c4).    

                                        

Figure 5: Parallel Adder: 4-bit Ripple-Carry Adder Block Diagram 

 

III. IMPLEMENTATION OF QUATERNARY HALF ADDER 

In quaternary logic, addition can be performed in many ways. Numbers in quaternary logic can be directly 

added or numbers in quaternary logic can be converted to binary logic and addition can be performed in binary 

logic. Binary results of addition can be displayed in quaternary logic after conversion. In quaternary logic, 

addition can be performed in many ways. Numbers in quaternary logic can be directly added or numbers in 

quaternary logic can be converted to binary logic and addition can be performed in binary logic. Binary result of 

addition can be displayed in quaternary logic after conversion. 

Hence quaternary to binary converter is required in the beginning. Binary to quaternary converter is used to 

display the result in quaternary logic. In modulo-4 addition is introduced, without the hardware for 

implementation of carry. In this paper proposed half adder has hardware for carry also. Two bit natural 

representation of binary logic is used for each quaternary number and addition is performed in binary itself with 

only 4 gates.  

 

      

      A.Sum Generator Block 
Sum generator circuit is shown figure 6. X0, X1 are the binary representation of the quaternary number X, and 

Y0 and Y1 are the two bit representation of quaternary number Y. S0 S1 are the outputs of sum generator block 

which is in binary. Minimal functions have been obtained from the Karnaugh diagrams for the tables shown in 

table 3 and then simplified as much as possible using all possible gate types. Minimal functions obtained from 

the minimal polynomials extracted from the Karnaugh diagrams are shown below. 

 

S0 = X0Y0ʹ + X0ʹ Y0 = (X0 ⊕  Y0) 

S1 = (X1 ⊕  Y1) ⊕  (X0Y0) 
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Figure 6. Block diagram of quaternary half adder circuit 

 

B.CARRY Generator Block 
Carry generator circuit is shown figure 7. X0, X1 and Y0 Y1 are the input to the block. Co C1 are the outputs 

of the block. This circuit is designed by the expression obtained from the Karnaugh diagrams for the tables 

shown in table 3 and then simplified as much as possible using all possible gate types. 

 

Co= X1Y1 + X0Y0(X1+Y1) and C1 = 0 

The circuit contains two binary OR gates and three binary AND gates. Depth of the net is three. Simulation 

result shown in figure 7 verifies the table 3 

 
Figure 7: Sum generator circuit 

Figure 8: Carry generator circuit 

 

TABLE 3: Truth Table of Quaternary Half Adder 
X Y X1 X0 Y1 Y0 C1 C0 S1 S0 S C 

0 0 0 0 0 0 0 0 0 0 0 0 

0 1 0 0 0 1 0 0 0 1 1 0 

0 2 0 0 1 0 0 0 1 0 2 0 



IJRIT International Journal of Research in Information Technology, Volume 2, Issue 11, November 2014, Pg. 60-70 

Tati Padma, IJRIT- 66 

 

0 3 0 0 1 1 0 0 1 1 3 0 

1 0 1 1 0 0 0 0 0 1 1 0 

1 1 1 1 0 1 0 0 1 0 2 0 

1 2 1 1 1 0 0 0 1 1 3 0 

1 3 1 1 1 1 1 0 0 0 0 1 

2 0 1 0 0 0 0 0 1 0 2 0 

2 1 1 0 0 1 0 0 1 1 3 0 

2 2 1 0 1 0 1 0 0 0 0 1 

2 3 1 0 1 1 1 0 0 1 1 1 

3 0 1 1 0 0 0 0 1 1 3  

3 1 1 1 0 1 1 0 0 0 0 1 

3 2 1 1 1 0 1 0 0 1 1 1 

3 3 1 1 1 1 1 0 1 0 2 1 

Table 4: Truth Tables of Quaternary Full Addition When   Carry In Is 1 

SUM 

 X 

 

 

Y 

 0 1 2 3 

0 1 2 3 0 

1 2 3 0 1 

2 3 0 1 2 

3 0 1 2 3 

CARRY 

 X 

 

 

Y 

 0 1 2 3 

0 0 0 0 1 

1 0 0 1 1 

2 0 1 1 1 

3 1 1 1 1 

 

Table 5: Truth Tables of Quaternary Full Addition When   Carry In Is 0 

SUM 

 X 

 

 

Y 

 0 1 2 3 

0 0 1 2 3 

1 1 2 3 0 

2 2 3 0 1 

3 3 0 1 2 

CARRY 

 X 

 

 

Y 

 0 1 2 3 

0 0 0 0 0 

1 0 0 0 1 

2 0 0 1 1 

3 0 1 1 1 

 

IV. SPANNING TREE 
 

In this chapter we introduce graphs. Graphs provide a uniform model for many structures, for example, maps 

with distances or Facebook relationships. Algorithms on graphs are therefore important to many applications.  

We start with undirected graphs which consist of a set V of vertices (also called nodes) and a set E of edges, 

each connecting two different vertices. The following is a simple example of a connected, undirected graph with 

5 vertices (A;B;C;D;E) and 6 edges (AB, BC, CD, AE, BE, CE). 
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In this chapter we are particularly interested in the problem of computing a spanning tree for a connected 

graph. What is a tree here? One simple definition is that a tree is a connected graph with no cycles, where a 

cycle let’s you go from a node to itself without repeating an edge. A spanning tree for a connected graph G is a 

tree containing all the vertices of G. Below are two examples of spanning trees for our original example graph. 

 
Computing a Spanning Tree 

There are many algorithms to compute a spanning tree for a connected graph. The first is an example of 

a vertex-centric algorithm.  

1. Pick an arbitrary node and mark it as being in the tree. 

2. Repeat until all nodes are marked as in the tree: 

(a) Pick an arbitrary node u in the tree with an edge e to a node w not in the tree. Add e to the spanning tree and 

mark w as in the tree. 

We iterate n-1 times in Step 2, because there are n-1 vertices that have to be added to the tree. The efficiency of 

the algorithm is determined by how efficiently we can find a qualifying w. 

  The second algorithm is edge-centric. 

1. Start with the collection of singleton trees, each with exactly one node. 

2. As long as we have more than one tree, connect two trees together with an edge in the graph. 

This second algorithm also performs n steps, because it has to add n - 1edges to the trees until we have a 

spanning tree. Its efficiency is determined by how quickly we can tell if an edge would connect two trees or 

would connect two nodes already in the same tree, a question we come back to in the next lecture. Let’s try this 

algorithm on our first graph, considering edges in the listed order: (AB, BC, CD, AE, BE, CE). 

 

 
The first graph is the given graph, the completely disconnected graph is the starting point for this algorithm. At 

the bottom right we have computed the spanning tree, which we know because we have added n - 1 = 4 edges. If 

we tried to continue, the next edge BE could not be added because it does not connect two trees, and neither can 

CE. The spanning tree is complete. 

 

A.CARRY-TREE ADDER DESIGNS 
Parallel-prefix adders, also known as carry-tree adders, pre-compute the propagate and generate 

signals. These signals are variously combined using the fundamental carry operator (fco). 

 

(gL, pL) ο (gR, pR) = (gL + pL•gR, pL • pR) (1) 
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Due to associative property of the fco, these operators can be combined in different ways to form 

various adder structures. For, example the four-bit carry-look ahead generator is given by: 

 

c4 = (g4, p4) ο [(g3, p3) ο [(g2, p2) ο (g1, p1)]] (2) 

 

A simple rearrangement of the order of operations allows parallel operation, resulting in a more 

efficient tree structure for this four bit example: 

c4 = [(g4, p4) ο (g3, p3)] ο [(g2, p2 ) ο (g1, p1)](3) 

 

It is readily apparent that a key advantage of the tree structured adder is that the critical path due to the 

carry delay is on the order of log2N for an N-bit wide adder. For this study, the focus is on the spanning tree, 

known for having minimal logic depth and fan-out. Here we designate BC as the black cell which generates the 

ordered pair in equation (1); the gray cell (GC) generates the left signal only, following  The interconnect area is 

known to be high, but for an FPGA with large routing overhead to begin with, this is not as important as in a 

VLSI implementation.  

This step involves computation of generate and propagate signals corresponding too each pair of bits in A and 

B. These signals are given by the logic equations below:  

pi = Ai XOR Bi 

gi = Ai AND Bi 

This step involves computation of carries corresponding to each bit. It uses group propagate and generate as 

intermediate signals which are given by the logic equations below: 

                        Pi:j = Pi:k+1 AND Pk:j 

                Gi:j = Gi:k+1 OR (Pi:k+1 AND Gk:j ) 

   Another important carry-tree adder known as the spanning tree carry-lookahead (CLA) adder is also 

examined. This design terminates with a 4- bit RCA. As the FPGA uses a fast carry-chain for the RCA, it is 

interesting to compare the performance of this adder with the other adders. Also of interest for the spanning-tree 

CLA is its testability features 

 

 
Figure 10: Spanning Tree Carry Lookahead Adder 

(16 bit) 

 

Spanning tree advantages 
Performance evaluation between the corresponding adders is done based on the number of components (no of 

full adders). In Existing VLSI implementation, the spanning tree adder is implemented using normal full adders. 

For implementing existing 16 bit addition design it requires 16 normal full adders. For implementing 
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proposed16 bit addition including QSD design it requires only 8 normal full adders. Thus, we can reduce the 

hardware using quaternary full adders. 

 

RESULTS 

RTL SCHEMATIC 

 

   WAVE FORM 

   

    

SYNTHESIS REPORT 

   Total delay   =   21.071ns 

   Total memory usage = 151044 kilobytes 

    No of 4 input LUT’S = 127. 

    Power =   (75.92 x 127)/9312. 

               =   1.03542mw. 

 

CONCLUSION 

Quaternary half adders are designed using binary logic gates and radix converters. This design is appropriate to 

be applied for construction of a high performance adder like spanning tree which consists of many full adder 

components and this can be reduced by using quaternary full adders in place of normal full adders. 
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