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Abstract-This project is present the design and evaluation of three new processing elements (Data path I,II & Data path III) for a high 
performance and area efficient architecture for floating point processing unit. A single-precision IEEE floating point processing element (FPPE) 
using a 24-b variant of the proposed data paths is also presented. Finally to achieve that the various performance parameters obtained for the 
Data path III is better than that of Data path II, I. Divide and conquer approach, baugh wooley multiplication and vedic multiplication techniques 
are the three data paths used in single precision floating point processing element. In cyclone family, different performance parameters are 
obtained for these three data paths and also when  used in single precision FPPE.  
 

 
 

1. INTRODUCTION 
 
       Technological advances in the development of portable electronic devices have made multimedia processing capability an 
indispensable part of modern portable electronics. Since multimedia signal processing requires complex algorithms and repetitive 
arithmetic operations, there has been an increased demand for multimedia processors with high throughput data paths . 
Furthermore, these data paths need to provide high area and power efficiency if they are to find use in portable devices with strict 
area and power requirements. The proposed data paths are reconfigurable and dynamically routable for different types of 
operations. With their new extendable and situation oriented adaptable structure, the proposed data paths will play a leading role 
in portable multimedia processing devices. 
       In this paper, we present the architectures of three integer reconfigurable data paths. The proposed data paths can perform 
single-cycle addition, subtraction, multiplication, and accumulation operations. They can be used in multicore platforms to 
perform more complex arithmetic and logical operations. The data paths have a short and uniform critical path across the range of 
operations. Each of the data paths is extendable and can be parameterized to support higher precision arithmetic, and software-
assisted variable-precision reconfigurable systems. A new single-precision floating point processing element (FPPE) using the 24-
b extension of the data paths is also presented. 
       The remainder of this paper is organized as follows. Section II describes the architecture of the integer data paths. Section III 
presents the architecture of the floating point PE. Section IV presents the performanc evaluation  of the integer and floating point 
PEs. Finally, concluding remarks are presented in Section V. 
 
 

II. ADAPTABLE ARCHITECTURES FOR INTEGER ARITHMETIC 
 
       Multiplication often forms the bottleneck in performance efficiency of arithmetic processing units. The multiplication 
algorithm used, often dictates the ability of an arithmetic unit to achieve optimum resource utilization and performance efficiency.        
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As a result, the data paths proposed in this paper were designed after a careful choice of multiplication algorithm. Section II-A 
details the algorithm used by the proposed data paths. 
 
A. Algorithm for N-Bit Multiplication 
 
       In its simplest form, an N × N multiplication requires the generation of N×N 1-b partial products, which are then added up to 
deliver the final product. As the size of the multiplier grows, the number of partial products to be processed also increases. For 
instance, a 4 × 4 multiplication requires sixteen 1-b partial products to be added, while a simple increase to an 8 × 8 multiplication 
raises this number to 64. In general, an increase in size of the operands by a factor of f results in an f2 increase in the number of 
partial products to be processed. Naturally, as this number increases, it becomes necessary to reduce the number of partial 
products as well as the number of stages of addition. To solve this issue, we propose breaking up a large multiplication into two 
smaller ones and adding up the partial products generated. The smaller multipliers as well as the auxiliary circuits can be reused 
for other operations as per processing demands. Fig. 1 demonstrates our approach for splitting large multiplications, using an 8 × 
8 

 
 
 

Fig. 1.  Divide and conquer approach used for implementing large multiplication 
 
 
multiplication as an example. Consider the multiplication of two N-bit numbers A and B. Instead of implementing one large 8 × 8 
multiplier, the operand A can be partitioned into N/2-b sub operands A1 and A0, respectively. Notice that now instead of 
processing N2 partial products, we are now required to process in parallel two individual sets of N2/2 partial products. A single 
implementation of an N × N multiplier would require a higher depth in the partial product addition, resulting in increased delay in 
the addition of partial products. It would also increase the timing difference between the shortest and longest partial product 
summation paths in the tree, thereby resulting in a loss of performance as well as possibilities of glitching. Moreover, a single 
multiplier would also require more complex placement and wiring in the layout tree which could introduce more area and power 
inefficiencies 
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B. Proposed data path architectures 
 

 
 

Fig. 2.  Generalized N-bit architecture for the proposed data path I. 
 
 
Fig. 2 shows the Wallace Tree based  proposed data path. A and B are two N-bit operands given to the data path  through the two 
N bit registers. Where the operand A is split into A[N - 1:N/2] and A[(N/2) - 1:0]. The signals S0 to S3 which controls the 
multiplexers direct the appropriate operands to the two Wallace tree multipliers. The multipliers generate the intermediate 
products which are then added up in the compressor stage. The final output is generated by the 2N-bit carry-linked adder stage. 
The data path performs N-bit addition, subtraction, and multiplication operations. In case of an accumulation operation, the results 
of the addition are sent back to the data path through multiplexers controlled by signal S6. The operation of the data path for a 
sample 8-b granularity can be explained as follows. 
1.Addition/Subtraction: In case of an addition operation, the multiplier on the left performs A[7:4] × 1, while the right multiplier 
performs B[7:0] × 1. The multiplexer controlled through S4 and S5 sends the LSB of operand A (A[3:0]) to the next stage. The 
partial products are then added up in the compressor and adder stages to generate the final computation A+B. Subtraction 
proceeds in a similar fashion, with the right multiplier now multiplying the complement of A[7:4] with 1 and the control signals 
S4 and S5 sending the complement of the LSB of operand A. The signal S7, which is the carry input of the adder stage, is set to 1, 
thus enabling 2s complement subtraction operation. 
2. Multiplication: The two multipliers perform B[7:0] × A[3:0] and B[7:0] × A[7:4]. As explained in Section II-A, the 
intermediate products of the two multiplications get added up in the 3:2 compressor stage (third input to the compressor is zero in 
this case). The four LSB bits of B[7:0] × A[3:0] and the four MSB bits of B[7:0] ×A [7:4] form the LSB and MSB bits of the final 
product, respectively. 
The eight intermediate bits of the final product are obtained by adding up the eight MSB bits of B[7:0] ×A[3:0] to the eight LSB 
bits of B[7:0] × A[7:4]. The data paths employ a combination of compressor and adder stage (an extra increase in gate delay) to 
perform this addition. 
3. Accumulation: To perform an accumulation operation, the output of the adders from the previous execution is sent back 
through the accumulation control multiplexers   
controlled through signal S6 and added up through the compressors and adders to the next operand in the accumulation. 
      The data path structure can be repeated for different levels of granularity by varying the value of N (which represents the bit 
width). Multiplication often forms the bottleneck in performance efficiency of arithmetic processing units. The multiplication 
algorithm used, often dictates the ability of an arithmetic unit to achieve optimum resource utilization and performance efficiency.  
      As a result, the data path architecture proposed was designed after a careful choice of multiplication algorithm. 
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Fig. 3.  Generalized N-bit architecture for the proposed data path II. 
 
 
      The second proposed data path structure is shown in Fig. 3. It can be observed from the figure, that the data path also relies on 
a divide and conquer approach for multiplication, by following the same operand splitting technique described earlier. However, 
an advantage over the previously proposed design is that this architecture eliminates the intermediate compressor stage by 
transmitting the partial products directly to the 2N-bit carry-linked adders. Multiplexers placed after the multipliers impart 
additional flexibility and increase the range of operations performed by the data path. These multiplexers are controlled by one-
hot select signals ADD, MUL, and ACC, and send the appropriate signals to the inputs of the adders. For a multiplication 
operation, the multiplexers send the outputs of  the two multipliers to the adders. For an addition/subtraction operation, the two 
operands are selected to be sent to the adders, while for an accumulation operation, the multiplexers send the accumulated result 
along with a string of zeroes to the adders. 
       Another point worth mentioning is the modular construction of the data paths. It can be observed that both the data paths rely 
on the two multipliers and the additional multiplexers to deliver the output. To extend the operating range of the structures to 
signed arithmetic, only the multiplexers need to be redesigned to perform signed arithmetic. We used a hybrid Baugh–Wooley 
multiplier to accomplish signed multiplication without a loss in the integer range of the operands processed. The operating range 
was extended to accommodate signed integers by using two Baugh–Wooley hybrid multipliers and an additional control signal to 
indicate signed operation. Once configured for signed arithmetic, the multipliers generate only signed results, while the 
compressors and the adders remain blind to the nature of operation being performed. Thus, by following a modular approach, the 
operating range of the data path was also easily extended to include unsigned as well as signed integer arithmetic. 
 

 
 

Fig. 4.  Generalized N-bit architecture for the proposed data path III 
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       The third proposed data path structure is shown in Fig. 4. It can be observed from the figure, that this data path also relies on 
a divide and conquer approach for multiplication, by following the same operand splitting technique described earlier data paths. 
This architecture also eliminates the intermediate compressor stage by transmitting the partial products directly to the 2N-bit 
carry-linked adders as second  data path. Multiplexers placed after the multipliers (baugh wooley multiplier) in the second data 
path are replaced by vedic multipliers impart additional flexibility and increase the range of operations performed by the data 
path. These multipliers  are also controlled by one-hot select signals ADD, MUL, and ACC, and send the appropriate signals to 
the inputs of the adders. For a multiplication operation, the multipliers send the outputs of  the two multipliers to the adders. For 
an addition/subtraction operation, the two operands are selected to be sent to the adders, while for an acculation operation, the 
multiplexers send the accumulated result along with a string of zeros to the adders. 
 
 
 

III. SINGLE PRECISION FPPE 
 
      In this section, we present the organization of the proposed FPPE based on the generalized data path architectures described 
here. The proposed FPPE accepts 32- b single-precision floating point operands A and B at the input stage.  The operands go 
through a data conditioning stage which involves aligning the two mantissas MA and MB and adjusting the exponents EA and EB. 
Fig. 5 shows a detailed organization of the proposed FPPE. 
 

 
 

Fig. 4.  Organization of proposed FPPE. 
          
 
       The operands A and B are compared for exponent values. The comparison operation involves an 8-b subtraction EA - EB. 
Depending on whether  EA < EB or EA > EB the output borrow of the subtractor is set at 1 or reset at 0. This borrow bit is used to 
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control multiplexers which send the mantissa of the smaller number to the shifting unit. The 32-b barrel shifter is controlled 
through the difference between the two exponents EA - EB and shifts the mantissa of the smaller number. This subtraction-based 
comparison technique thus serves as a common hardware block for exponent comparison as well as shifter control, and eliminates 
the need for separate blocks to do the same. The output of this unit is thus the larger of the two exponents and the aligned 
mantissas. The MSB bits of the exponent comparator are used to indicate whether the difference between the two exponents is 
large enough to shift out the smaller number's mantissa  completely. For instance, if exponent of A is greater than that of B, the 
mantissa of B is adjusted by shifting it by a value of EA-EB. Note that both the mantissas are 23-b wide. Thus, a difference of more 
than (10111)2 between EA and EB, that is, the two MSB bits of the exponent comparator being (11)2 means the entire mantissa of 
the smaller number will be shifted out. Hence, these two bits are used to detect if the difference between the two numbers is large 
enough for the smaller mantissa to be completely shifted out. In such a case, these bits are used to inhibit the operation of the 
alignment circuitry, and the final mantissa of the operation is the same as the larger number. The exponent of the result is the 
larger exponent in case of addition/subtraction or the sum of the two exponents in case of multiplication.  
 
         After alignment, the mantissas of the two numbers are sent to a 24-b integer PE. This PE is a 24-b extension of the two data 
path structures proposed in Section II. A bulk of the area of this data path is occupied by the two 24 × 12 multipliers. Pipelining 
stages are often required in large data path or multiplier structures, to ensure a high throughput and high frequency of operation. 
The split-operand approach used in building the multipliers also means that all the product terms become available simultaneously 
as opposed to a large array based structure. This multiplier structure thus allows for easy placement of pipeline registers in the 
data path as well as leaves open the option of pipelining within the multiplier itself. The data path also operates on the result of 
the exponent. After exponent comparison and mantissa alignment in the earlier stage, the data path retains this value of exponent 
for addition and subtraction operations while simply doubling the exponent value in case of a multiplication operation.  
 
        The mantissa and exponent of the result obtained from the integer PE now need to be normalized and rounded so as to be 
represented back in the IEEE 754 floating point format. For this purpose, a copy of the mantissa of the result is fed to a modified 
leading one detector (LOD). This LOD also works as a priority encoder and automatically generates the value by which the 
mantissa needs to be adjusted so as to satisfy the IEEE 754 notation. This same value is used to adjust the exponent accordingly. 
Thus at the output we obtain the normalized floating point result. It should be noted that the mantissa rotated through the 
normalization unit is the full 48-b output of the 24-b integer PE. Once, the mantissa and exponent have been adjusted to the IEEE 
754 single-precision format, the 24 LSBs of the rotated mantissa are dropped. That is the 48-b mantissa is truncated. This 
approach compromises on the accuracy of the result, but maintains the result accuracy within the acceptable limits for most media 
processing algorithms. Since the proposed FPPEs are intended for array based systems, it will be possible to employ the idle 
resources from the array as lookup tables to offset the loss in accuracy. However, this is still under exploration and hence 
accuracy loss has not been quantitatively addressed in this paper.  
 
 
 
 

TABLE-I 
 

PERFORMANCE COMPARISION OF DATA PATHS 
 

  
 CYCLONE FAMILY  DATA PATH  AREA  POWER  SPEED 
                   (LUT'S)   (mW)  (MHz) 
  
      
               WALLACE TREE       194   48.04  111.82 
 
         CYCLONE               BAUGH WOOLEY   360   48.04  108.34 
 
        VEDIC       199   48.04  234.08

    
               WALLACE TREE       182   34.00  116.46 
 
         CYCLONE II               BAUGH WOOLEY   349   33.02  122.17 
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              VEDIC       198    32.96   247.71 

    
               WALLACE TREE       182   58.95  135.72 
 
         CYCLONE III               BAUGH WOOLEY   349   58.29  139.76 
         VEDIC       198   58.29  291.55 
 

TABLE-II 
 

PERFORMANCE COMPARISION OF SINGLE PRECISION FPPE WITH THREE DATA PATHS 
 

  
 CYCLONE FAMILY  DATA PATH  AREA  POWER  SPEED 
                   (LUT'S)   (mW)  (MHz) 
  
               WALLACE TREE       1865   60.04  71.83 
 
         CYCLONE               BAUGH WOOLEY   2978   60.04  73.38 
 
      VEDIC      2039   60.04  66.8 
 
               WALLACE TREE       1753   40.67   80.57 
 
        CYCLONE II              BAUGH WOOLEY   2862   52.16   79.55 
 

            VEDIC       2025    40.04    70.42 

               WALLACE TREE       1753   64.44   92.38 

       CYCLONE III              BAUGH WOOLEY   2862   68.48   95.06 
 
      VEDIC       2025     64.45   78.81 

 
IV. PERFORMANCE EVALUATION OF DATA PATHS AND SINGLE PRECISION FPPE 

 
      The performance evaluation of data paths in CYCLONE family(CYCLONE, CYCLONE  II & III) are shown in above 
TABLE-I. Performance parameters area, power and speed of the different data paths are mentioned in table. The LUT's are 
increased instead of decrement in Baugh wooley based data path when compared to Wallace tree based data path in every cyclone 
family. In Vedic based data path it is decreased compared to Baugh wooley as expected. Power is almost same or slightly 
decreased for data paths in cyclone family. The speed is slightly increased from Wallace tree based data path to Baugh wooley 
based data path and increased greatly in Vedic based data path.  
       Table-II  shows the performance parameters of Single precision FPPE with three data paths. Where values obtained in Area 
are in the same way in Table-I i.e., increment from Wallace based data path to Baugh wooley based data path and then decrement 
in Vedic based data path. The Power values obtained are same in every cyclone family for different data paths but the value is 
increased in cyclone-II & III for baugh wooley based data path. The speed is decreased for every data path. 
 
The synthesis report obtained for the three data paths is shown below and also for the single precision fppe with three data paths is 
shown below. 
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Fig. 5.  Output of data paths. 
 

 
 

Fig. 6.  Output of single precision FPPE. 
 
 

V. CONCLUSION 
 
The high performance and area efficient architecture is obtained from these three data path architectures (Wallace tree based, 
Baugh Wooley based and Vedic based ) which are used for two 24-bit mantissa multiplication at 24-bit integer processing 
element  for Single precision FPPE (Floating Point Processing Element). From the performance evaluation of three data paths, it 
is observed that the Area in data path III is reduced by 43.3% from data path II and speed in data path III is also increased by 
102.4% from data path II 
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