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 Background: As the characteristic dimension shrinks to the nanometer scale in VLSI 

Technology and increase in demand of high performance computing makes FPGA 
Based System design as  popular now-a-days. Strong nexus between the Placement and 

routing in CAD flow of VLSI design percepts the optimization in Logic and 

algorithmic level. Logic Level optimization can be carried out in design of  basic 
computing elements such as adders that are used in modern processors will become 

increasingly vulnerable in consuming much combinational path delay and area in turn 

increase the cost of placement and routing of FPGA. Objective: In adder unit primarily 
focus on reducing the overhead, Memory usage and delay of FPGA’s. In this work, an 

efficient low latency adder and multiplier design is presented to facilitate the execution. 

Results: This paper mainly focus on optimizing the placement and routing architecture 
(PAR) of adder, multiplier and MAC units of modern processor through logical 

optimization. Besides, it is experimentally analyzed and validated in high end Spartan-

3E low power FPGA’s of 45nm technology. An efficient gate-level logical optimization 
in Placement and routing results show that the proposed approach significantly 

outperforms the existing approach in terms of area, power, Peak memory usage ,delay 

and requires low latency for PAR. Conclusion: The proposed scheme can reduce the 
area overhead by 40%, memory usage of 31% and decrease the delay by 17% which in 

turn reduce the time for PAR inside FPGA. Further to check its performance in high 

end Processors the proposed method is implemented in MAC (multiplier and 

accumulator control) unit and validate in terms of area overhead, power and PAR. 
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INTRODUCTION 

 

FPGAs consist of a large number of 

programmable logic blocks, which can implement 

digital logic and programmable routing, which 

allows the logic block inputs and outputs to be 

connected to form large VLSI architecture. The delay 

of circuits depends on wire length of routing of a 

circuit implemented in an FPGA called routing 

delays, rather than logic block delays, and most of an 

FPGA’s area is devoted to programmable routing 

(S.Brown, et al 1992). Furthermore, as FPGAs move 

into increasingly deep submicron IC processes, the 

fraction of total delay due to routing is increasing 

with each process generation (J.Rose,et al 1997) 

Consequently, one must devise routing 

architectures which are both fast and area-efficient to 

create an FPGA that fully exploits the performance 

and density potential of deep-submicron 

technologies. In this work focus on the PAR features 

such as 1) the length of each routing wire segment of 

FPGA architectures and routing switches are located 

and which routing wires they can connect together. 

2) The routing wires in the channel adjacent to a 

logic block input or output can connect to that logic 

block pin and the sizes of the transistors used to build 

the various programmable switches.In this paper we 

will focus primarily on determining the best method 

for optimizing PAR architecture through logical 

optimization. At present scenario Mesh-based 

heterogeneous FPGAs are commonly used in 

industry and academia due to their area, speed, and 

power benefits over their homogeneous counterpart. 

Multiplier and adder unit of Multiplier-Accumulator 

(MAC) control unit is the main building block in 

high end processors such as DSP, FPGA’s etc... In 

that architecture Full Adder is a part of the MAC unit 

can significantly affect the efficiency of whole 

system. Hence the reduction of routing architecture 

of the entire design of Full Adder circuit is necessary 

for low power application which in turn optimizes 

the wire length. Carry Select Adder are used for high 
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speed application by reducing propagation delay. The 

basic operation Carry Select Adder (CSLA) is 

parallel computation. CSLA generates many carriers 

and partial sum(Databook,1994). The final sum and 

carry are selected by multiplexers (MUX). Multiple 

pairs of Ripple Cary Adders (RCA) are used in 

CSLA structure. Hence, the CSLA is not area 

efficient. The CSLA is used in many computational 

systems to alleviate the problem of carry propagation 

delay by independently generating multiple carries 

and then select a carry to generate the sum (S.Brown, 

etal). However, the CSLA is not area efficient 

because it uses multiple pairs of Ripple Carry Adders 

(RCA) to generate partial sum and carry by 

considering carry input Cin=0 and Cin=1, then the 

final sum and carry are selected by the multiplexers 

(MUX).Using Binary to Excess-1 Converter (BEC) 

instead of RCA with Cin=1 in the regular CSLA to 

achieve lower area and power consumption is 

discussed in(S.Brown,et al 1992,JRose,et al 1997). 

The main advantage of this BEC logic comes from 

the lesser number of logic gates than the n-bit Full 

Adder (FA) structure. The SQRT CSLA has been 

chosen for comparison with the proposed design as it 

has a more balanced delay, and requires lower power 

and area (V.antis data sheet,1998,V.Betz et 

al.,1998).Then a Modified 16-b SQRT with Modified 

Area efficient CSLA is proposed to improve the 

performance of the adder, in our research work 

modified Mux based AOI approach in adder which 

efficiently reduce the routing architecture and shows 

improvement in optimizing PAR architecture through 

logical reduction and it is implemented in MAC. In 

order to optimize the design of MAC further 

multiplier unit of a processor is optimized which 

outperforms the existing approach in terms of Area 

overhead, PAR and Power. 

The remainder of this paper is organized as 

follows. The related works are presented in Section 

II.Section III gives an overview about existing 

architectures of adders and multipliers followed by 

the architecture of the proposed adder using Mux 

based Approach and Proposed multiplier based on 

Mod-2 addition with logical shift. Followed by 

results and discussion in Section IV.Section V 

involves the application of proposed adder on MAC 

unit with discussion on results of same.Conclude the 

paper in SectionVI followed by references. 

 

Related Works: 

Ripple carry adders exhibits the most compact 

design but the slowest in speed. Whereas carry look 

ahead is the fastest one but consumes more 

area(J.Rose,et al 1997). Carry select adders act as a 

compromise between the two adders. In 2002, a new 

concept of hybrid adders is presented to speed up 

addition process by Wang et al. that gives hybrid 

carry look-ahead/carry select adders design(V.Betz et 

al,1999) . In this paper we present a carry select 

adder (CSL) has been an eminent technique in the 

space-time tug-of-war of CPA design. It exhibits the 

advantage of logarithmic gate depth as in any 

structure of the distant-carry adder family.  

Conventionally, CSL is implemented with dual 

ripple-carry adder (RCA) with the carry-in of 0 and 

1, respectively. Carry Select Adder (CSLA) is one of 

the fastest adders used in many data-processing 

processors to perform fast arithmetic functions. From 

the structure of the CSLA, it is clear that there is 

scope for optimization in the VLSI constraints in the 

CSLA. In this work, using a simple and efficient 

gate-level modification to significantly reduce the 

parameters of the CSLA. Based on modification 32-b 

CSLA (CSLA) architecture have been developed and 

compared with the regular CSLA architecture. The 

proposed design has reduced delay compared with 

the regular CSLA. This work evaluates the 

performance of the proposed designs in terms of 

delay and area. The results analysis shows that the 

proposed CSLA structure is better than the regular 

CSLA.The logic block of all the FPGAs studied in 

this work is a logic cluster of four 4-input look-up 

tables (4-LUTs) and registers, with ten inputs, four 

outputs, and one clock. This logic block includes 

local routing that allows each of the LUT inputs to be 

connected to any of the 10 logic block inputs or any 

of the four outputs generated within the logic block. 

This logic block is more typical of the size of current 

commercial FPGA logic blocks than the single 4-

LUT logic block assumed by most prior routing 

architecture research, and prior research has shown 

that this logic block leads to an area-efficient 

FPGA[B.Ramkumar  et al,2012). This paper 

proposes a new design which will optimize the PAR 

(Placement and routing) results. Main application of 

proposed adder is used in MAC unit with high speed 

and throughput which plays a vital role in  real time 

signal processing. Applications. Thus main work 

focus on optimizing the placement and routing 

architecture (PAR) of adder and multiplier of modern 

processor through logical optimization. 

 

Methodology: 

A.Basic Adder Using Rca: 
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Fig. 1: Regular 16-b SQRT CSLA. 

 

The CSLA is used in many computational 

systems to alleviate the problem of carry propagation 

delay by independently generating multiple carries 

and then select a carry to generate the sum 

(B.Ramkumar e al,2010) However, the CSLA is not 

area efficient because it uses multiple pairs of Ripple 

Carry Adders (RCA) to generate partial sum and 

carry by considering carry input Cin=0 and Cin=1, 

then the final sum and carry are selected by the 

multiplexers (MUX). The basic idea of this work is 

to use Binary to Excess-1 Converter (BEC) instead 

of RCA with Cin=1 in the regular CSLA to achieve 

lower area and power consumption [11]–[12]. The 

main advantage of this BEC logic comes from the 

lesser number of logic gates than the –bit Full Adder 

(FA) structure. In this we calculate and explain the 

delay & area using the theoretical approach and show 

how the delay and area effect the total 

implementation. As shown in the Fig.1. 

 

B. Adder Using Binary To Excess-1 Converter (Bec): 

The basic work is to use Binary to Excess-1 

Converter (BEC) in the regular CSLA to achieve 

 

 
Fig. 2: 6-binary to excess-1 converter. 

 

Lower area and increased speed of operation. This logic is replaced in RCA with Cin=1. This logic can be 

implemented for different bits which are used in the modified design. The main advantage of this BEC logic 

comes from the fact that it uses lesser number of logic gates than the n-bit Full Adder (FA) structure. As stated 

above the main idea of this work is to use BEC instead of the RCA with Cin=1 in order to reduce the area and  

Increase the speed of operation in the regular CSLA to obtain modified CSLA. To replace the n-bit RCA, n+ 1 

bit BEC logic is required. The structure and the function table of a 6-bit BEC are shown in Fig.2 and Table .2. 

respectively. These concepts are implemented in N-bit carry select adder and PAR results are analyzed. In order 

to reduce the PAR cost new methods are proposed and which has discussed below(B.Ramkuar et al,2012) 

 

 
 

 

Fig. 2: RCA is replaced with BEC- Modified 16-b SQRT CSLA. 
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The major drawback in Existing architecture is 

higher PAR cost and Power consumption which is 

overcome by the new architecture.  

 

C.Modified Architecture Based On Muxed Aoi Logic: 

The main idea of MA-CSLA is to use logical 

gates which have to be replacing by multiplexer 

which reduces the total gate count. From the Fig.3. It 

is clear that there is the possibility of reduction of 

gates by using Muxed logic which has been proposed 

in our design. In the Modified CSLA the total 

number of gates is 270.which is 10% lesser than the 

existing method. 

  

 

 
 

 
Fig. 3: Implementation of AND, NAND using Multiplexer in AOI logic based CSLA adder 

 

The structure of the proposed 16-b SQRT CSLA 

using BEC for RCA with cin=1 is to optimize the 

area and power. The structure of 16 bit Modified 

Area efficient CSLA (MA-CSLA) is shown in the 

Figure 3 and the area evaluation of each group is also 

illustrated in Figure 3a, Figure 3b, Figure 3c, Figure 

3d .The group2 has one 2-b RCA which has 1 FA 

and 1 HA for Cin=0.Instead of another 2-bit RCA 

with Cin=1 a 3bit AOI is used which adds one to the 

output. The architecture of modified area efficient 

CSLA with MUXED AOI logic is shown in Figure 3. 

The gate count for group2 is as follows Group 2: 

FA=11(11*1) HA=5(5*1) BEC=9 (NOT=3, AND=4, 

OR=2) MUX=12(3*4). Similarly, the gate counts for 

other groups are determined(Y.He et al,2005, 

Cadence 2008). 
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Fig. 3(a): Group 2. 

 

In Figure 3a. it is verified that when C1=0 the 2 bit sum arrives from RCA.WhenC1=1 the 2 bit sum arrives 

from BEC. 

 
Fig. 3(b): Group 3. 
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Fig. 3(c): Group 4 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3(d): Group 5 
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In Figure 3b to Figure 3d the operation of 

group3 to group5 is shown. 

The AND, OR, and Inverter (AOI) 

implementation is shown in Fig.3. The delay and 

area evaluation methodology considers all gates to be 

made up of AND, OR, and Inverter, each having 

delay equal to 1 unit and area equal to 1 unit. We 

then add up the number of gates in the longest path 

of a logic block that contributes to the maximum 

delay. The area evaluation is done by counting the 

total number of AOI gates required for each logic 

block. Though AOI helps to reduce the number of 

gates.MUXED AOI helps to reduce the number of 

transistor pairs for implementing logic gates for 

digital design which in turn reduce the placement and 

routing cost of the design. In MUXED concept all 

the basic logic gates are designed using multiplexer 

by simplifying Boolean logic for instance. (As shown 

in the Figure.3). 

 

RESULTS AND DISCUSSIONS 

 

A. Xilinx/ISE Simulations and Precision RTL of 

Mentor Graphics: 

The proposed adder and its corresponding blocks 

are described using structural VHDL and synthesized 

employing Xilinx Synthesis Tool (XST), Web PACK 

version 13.2 and Precision RTL of Mentor Graphics. 

The implementation was targeted to Xilinx spartan-

3E low power, Selected Device: 3S250EPQ208  

The logical routing can be observed from the 

obtained Place and route result from the FPGA 

Editor option in Xilinx synthesizer. It is observed 

that about 10% area for the targeted FPGA is covered 

for the implementation of this System. The CLB’s 

are connected in cascade manner to obtain the 

functionality for the designed system. To ensure that 

the hardware implementation works properly, 

simulation test was performed using I-Sim (O.76.xd).  

 

B. Impact of the Proposed Flow on peak memory 

usage, Timing and Area: 

In this paper, the conventional approach and the 

proposed method is analyzed based on the cost 

function of placer and router. As shown in the (Table 

I) the number of LUT’s, memory usage and timing 

are reduced in proposed flow due to less 

consumption of adder circuit in the design.  

As the Table. II show:  The routed architecture 

of the conventional and proposed method on Xilinx 

spartan-3E low power, Selected Device: 

3S250EPQ208 is tabulated in Table. I shows the 

proposed method outperforms the conventional 

architecture in terms of placement and routing which 

has shown in the Table.II Shows the proposed 

method reduced the PAR delay up to 10% when 

compared to conventional method. 

In terms of overhead, since the conventional 

approach and the proposed method only change the 

placement and routing of the design, as the usage of 

the CLB (configurable logic blocks) varies which 

provides the overhead and delay lesser than existing 

approach. In addition, no unreachable CLBs are 

reported by the original method and the proposed 

method which helps to overcome the limitation of the 

original approach. Hence, the conventional approach 

and the proposed method sustain CLB overhead.

 

 
Table I: Comparison of Placement and routing architecture. 

 
 

Observation from the Table II shows that that 

about 10 % area for the targeted FPGA is covered for 

the implementation of this System as shown in the 

Table II. The CLB’s are connected in cascade 
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manner to obtain the functionality for the designed 

system. As the coverage area of the CBs reduces 

minimize route channel width. The lower delay 

comes from that the number of glitches is smaller 

when the carry propagates Quicker through the logic. 

The slice usage of the proposed method is reduced up 

to 3% than the conventional approach as shown in 

the Table.II 

However, in this work the main target is using 

the MUX based AOI in conjunction with 

combinational logic that result in less area, memory, 

Power and delay. (As shown in the Table I,II and 

III).

 
Table II: Comparison based on Logical Utilization and Distribution of Synthesis Report 

PARAMETERS RCA BEC MUX-BEC MUXED-AOI 
LOGIC 

Available 

Number of CLB’s slices 55 54 50 45 4896 

Number of Slice LUTs 28 27 25 23 2448 

Number of occupied Slices 32 32 29 28 2448 

Number of 4-input LUT’s                              55 54 50 45 4896 

 

Table III: Comparison Based on Placement and Routing Report of Existing and proposed work 

Parameters RCA BEC MUX BEC MUXED-AOI logic 

Peak Memory Usage 177MB 177MB 177MB 177 MB 

Total  REAL time to 

PAR completion 

4 sec 4sec 4 sec 3 Sec 

Total  CPU time to PAR 
completion 

4 sec Sec 3 sec 3 Sec 

Total  REAL time to 

Router completion 

4 Sec 3 Sec 3 Sec 3 Sec 

Total  CPU time to 
Router completion 

3 Sec 3 Sec 3 Sec 3 Sec 

Total  REAL time to 

Placer completion 

2 Sec 3 Sec 2 Sec 2 Sec 

Total  CPU  time to 

Placer completion 

2 Sec 3 Sec 2 Sec 1 Sec 

Power consumption 2.1 W 1.7W 1.20W 0.89W 

Total number of gates 330 324 300 270 

 

Application Of Proposed Adder: 

A.Block Diagram Of Multiply-Accumulate Unit (Mac Unit): 

 

  

 

 

 

 

 

 

 

 

 

 

Fig. 4: Multiply-and-Accumulate (MAC) unit with input and output bits 

 

Demanding requirement of Signal processing 

application is high speed and more throughputs. 

MAC, Multiplier-Accumulator (MAC) unit is the 

main building block in DSP processor to satisfy the 

requirements. Full Adder is a part of the MAC unit 

can significantly affect the efficiency of whole 

system. In order to show the application performance 

further, conventional and proposed architectures are 

implemented in MAC in this work. 

Block diagram of MAC unit is shown in Fig.4 in 

which the type of multiplier unit implemented is 

Wallace tree multiplier and the logical shift 

multiplier with mod-2 addition and the type of adder 

implemented is the proposed adder respectively. In 

MAC, the logical routing can be observed from the 

obtained Place and route result from the FPGA 

Editor option in Xilinx synthesizer and it shows the 

decrease in PAR (As shown in the Table.VI) path 

delay of 10% respectively when compare to existing 

approach. PAR results are compared for the proposed 

approach is analyzed As shown in the Table.V. Area 

overhead results are compared in the Table.IV.In 

order to improve the performance further the MAC is 

optimized in terms of multiplier. And the results are 

analyzed in terms of area overhead, PAR and power. 

  

B.Wallace Tree Multiplier: 
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High speed in MAC can be achieved using the 

Wallace tree multiplier which has parallel 

architecture [V.Betz et al, 1998, B.Ramkumar 

etal,2010) Wallace Tree algorithm is used to reduce 

the number of sequential additions during 

multiplication. The structure of multiplier gives an 

advantage for multipliers whose operands are greater 

than 16- bits. The Wallace tree is constructed using 

carry save adder to reduce an N-row bit product 

matrix to an equivalent two row matrix. The two row 

matrix is then fed into carry propagation adder to 

sum up the rows of partial products to produce the 

final product. The Carry Save Adders (CSA) is the 

conventional full adders in which carries are not 

connected.  In CSA, three bits of inputs are taken in 

and two bits are given as output (B.Ramkumar et al., 

2012). Instead of using carry save adders in this 

multiplier, full adders and half adders of 4:2 

compressors and 3:2 compressors can be used in 

their reduction phase which is shown in the Fig 5.

 

 

 

 

 

 

 

 

 

                   

             

 

 

 

Fig. 5: Wallace Multiplier 

 

The Wallace tree multiplication has three steps: 

(i) Partial Product Generation Stage which performs 

the bit by bit multiplication of multiplicand and 

multiplier. (ii) Partial Product Reduction Stage which 

reduces the number of partial products in two by 

using layers of full and half adders. (iii) Partial 

Product Addition Stage, add the partial products 

using conventional adders. These architectures are 

analyzed in MAC and PAR results are compared for 

the proposed approach is analyzed (As shown in the 

Table.V). 

 

C.Logical Shift Multiplier With Mod-2 Addition:  

In Mod-2 addition with logical shift multiplier 

requires less number of adders and shift operations 

when compared to Wallace multipliers. Two 

functions are needed to perform Common Sub-

expression Elimination. The common terms in the 

given input functions are recursively extracted. The 

input functions are represented using the common 

terms plus the remaining terms. 

 

Example: Common digit patterns 

F1 =   7*X = (0111)*X = X + X<<1 + X<<2. (Input Function F1) 

F2 = 13*X = (1101)*X = X + X<<2 + X<<3. (Input Function F2) 

D1 = X + X<<2. (Common Term) 

F1 = D1 + X<<1.  (Input functions F1 and F2 represented using 

F2 = D1 + X<<3. The common term plus the remaining term) 

As the multiplier part of MAC is optimized further this is more suitable for high end processor. The results 

are compared with respect to area overhead, PAR and it is shown in Table.IV and V. 

 
Table IV: Comparison based on Logical Utilization and Distribution of Synthesis Report of MAC 

PARAMETERS 
 

MUXED- AOI logic with 
Wallace Multiplier MAC 

MUXED-AND- with 
Mod-2 logical shift 

multiplier on MAC 

Available 

Number of BELS 143 11 4896 

Number of occupied Slices 79 10 2448 

Number of 4-input LUT’s                              143 10 4896 

 

 
 

 

 
Table V: Comparison Based on Placement and Routing Report of MAC 

PARAMETERS MUXED-AOI logic with Wallace 

Multiplier MAC 

MUXED-AND- with Mod-2 logical shift 

multiplier on MAC 
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Peak Memory Usage 258MB 257 MB 

Total REAL time to PAR completion 4 sec 3 sec 

Total CPU time to PAR completion 3 sec 3 sec 

Total REAL time to Router completion 4Sec 3Sec 

Total CPU time to Router completion 3 Sec 3 Sec 

Total REAL time to Placer completion 2Sec 1Sec 

Total CPU time to Placer completion 2 Sec 1 Sec 

 

Table VI: Comparison of Placement and routing architecture of an MAC unit 
MUXED- AOI logic with Wallace Multiplier MAC MUXED-AOI logic with Mod-2 logical shift multiplier on MAC 

Placement and Routing View on Spartan-3E 

  

 

Conclusion: 

Adders and multipliers play a very important 

role in the areas of high performance computing 

especially in the areas of cryptography, Signal, 

Image processing, High end processors and 

Arithmetic logic unit. This paper presents a new 

approach for design and hardware realization of 

adders based upon the concept of MUX based AOI 

and modified Mod-2 addition with logical shift 

multipliers. These techniques are applied on sub-

blocks of MAC, which are the fundamental blocks of 

the DSP Processors. By setting placement and design 

goal strategies, the results of the proposed algorithm 

profitably bridges the gap between the placement and 

routing guidance metric and the reliability evaluation 

metric which in turn reduce the area overhead, 

memory and delay of the circuit. Finally, it may be 

mentioned that in the present work hardware 

realization is based on FPGAs. The circuits were 

experimentally analyzed and synthesized using 

standard library cells and implemented in Spartan 3E 

Low power board with 45nm technology. It is 

suggested that the proposed adder and multiplier 

technique may be considered for transistor level 

optimization using full-custom implementation in 

order to get the best performance and allows the 

adder to be scaled easily. 
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