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Abstract: Multiplication is a one of main operation in most of Digital Signal Processing (DSP) 

applications. Multiple methodologies are employed to effect the multiplication of two numbers. The 

central focus of the Multiplier primarily revolves around four critical aspects that are crucial to 

establishing an effective multiplier: speed, power consumption, area, anchd accuracy. Primary 

requirement of error tolerant applications in digital system is low power consumption and high speed. 

The power consumption is reduced by truncating the least significant part of the multiplier. In 

processor, speed of multiplier defines the speed of digital signal processor. By designing of an 

effective Multiplier, we can enhance the performance of Micro-Processing System and Complex 

Digital Signal Processing System. We have different type of Multipliers, which are, Booth Multiplier, 

Wallace Tree Multiplier, Array Multiplier, Sequential Multiplier, Combinational Multiplier, Dadda 

Multiplier and Logarithm Multiplier. Among the tree based Multiplier, Dadda Multiplier is more 

efficient and widely used one. Dadda Multiplier is one of main Multiplier proposed by Dadda to 

reduce the partial products with minimum critical path delay. The proposed Fast Dadda multiplier 

uses a divide approach by dividing the LSP and MSP. In order to improve speed, carry propagation is 

minimized by performing both LSP and MSP separately and based on carry it is added in the final 

stage to produce the product. 

Key Word : Dadda Multiplier; Faster Dadda Multiplier; Column Compression. 

I.INTRODUCTION 

      Fast multiplication is crucial for high-performance digital systems. Column compression multipliers are 

increasingly favoured for their higher speeds. Wallace introduced the first column compression multiplier in 1964. He reduced 

the partial product of N rows using (3,2) and (2,2) counters to group sets of three and two rows. Since 1965, Dadda improved 

Wallace's approach for multiplier placement. A recent study found that the Dadda multiplier is faster and requires less 

hardware than the Wallace multiplier. As the Dadda multiplier performs faster, we apply the suggested techniques and 

compare the improved performance to the regular Dadda multiplier. Column compression multipliers have logarithmic total 

delays compared to array multipliers that have proportional speeds to word length. The multiplier delay has three parts: Partial 

Product Generation (PPG), Partial Product Summation Tree (PPST), and Final Adder. The main delay in the multiplier comes 

from the PPST and final adder, while the PPG has minimal delay. To improve the multiplier speed, delay in the PPST and 

final adder stage must be reduced. Using two independent structures in partial products reduces the PPST delay. The hybrid 

final adder speeds up product computation (We are assuming equal bit numbers for multiplier and multiplicand). 

 

II.DADDA MULTIPLIER 

The multiplier performs binary multiplication to reduce calculation time in electronic systems like computers. It works 

like decimal multiplication. 

 
Fig.1: Structure of an Normal 8-bit Dadda multiplier 
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 The structure of an 8-bit Dadda multiplier is shown in Fig.1. The 8-bit Dadda multiplier is the main focus, specifically 

the X-Dadda variant, due to its prevalence in image processing and machine learning. The multiplier has three stages, including 

the PPG stage, where the bits are "AND"ed with the multiplicand. In PPR(Partial Product Reduction), 8 partial product terms 

are reduced to 2 terms. In merge, the final 2 are added for output. 

 PPR has the highest delay, area, and power consumption. 4:2 and 5:2 compressors are used to reduce delay in the PPR 

stage. The energy-efficient accuracy-configurable Dadda multiplier (X-Dadda) design uses the exact 4:2 compressor. 

 

III.APPROXIMATED DADDA MULTIPLIERSTRUCTURE 

 Reducing power usage in embedded processors is crucial as heavy workloads must be completed within a given power 

limit. At the hardware level, Voltage OverScaling (VOS) technique lowers the circuit supply voltage below the normal errorless 

one. 

 Using VOS improves energy efficiency, lifetime, and reliability, which is crucial for highly scaled technologies with 

reduced device dimensions.  

 Designing reliable digital systems is challenging due to the need for a long lifetime. Another advantage of the VOS 

technique is its configurability by changing the VOS level at runtime. A technique to approximate at the level is to 

simplify/prune the circuit by replacing or omitting some gates to improve energy efficiency.  

 

IVACCURACY CONFIGURABLE APPROXIMATE MULTIPLIERS 

 Configurable output accuracy is essential for designing approximate multipliers in Quality-of-Service (QoS) 

applications. Four compressors were proposed for implementing approximate multipliers. The multipliers could switch 

between exact and approximate modes, and quality-configurable circuit design methods were created. The Cartesian Genetic 

Programming (CGP) based method achieved both exact and approximate modes simultaneously in circuit design. 

Experimental evaluation utilized configurable approximate multipliers.  

 The multiplier was not included in our study due to its limited computation modes. However, a new accuracy-

configurable multiplier has been proposed. The final product is generated by a Carry Maskable Adder (CMA). Accuracy can 

be configured by changing carry propagation length. The proposed tree compressor approximates the partial product tree of the 

multiplier, and a smaller design with lower area and power consumption was also noted.  

 The authors used a simpler approximate tree compressor and recommended an approximate multiplier with limited 

carry propagation to neighboring digits. The adder enabled quick partial production accumulation with configurable error 

recovery using OR gates or proposed approximate adders for varying levels of accuracy. No error recovery unit in proposed 

structure, so multiplier not compared. 

 

V.X-DADDA STRUCTURE 

 Using the VOS technique for combinational circuits may violate the setup time of destination flip-flops operating at 

nominal voltage, particularly for longest timing paths. The number of failed timing paths increases as the supply voltage is 

decreased, resulting in output error and quality degradation.  

 Therefore, using VOS for all bits hinders efficient use of its energy reduction potential. To solve this issue, we 

utilized Bi-VOS and various VOS levels in parallel multipliers, and tested two versions of the Dadda multiplier. One design 

used only Bi-VOS, while the other combined it with bit truncation. Using VOS for LSBs improves lifetime and decreases 

energy with minimal output error. Nominal voltage is used in hardware MSBs for accurate operation. 

 
Fig.2. Circuit diagram of the level shifter 

 We use level shifters to match output voltages and decrease latency using a proposed low-latency circuit. Depending 

on design, other level shifters may be used. Transistors were minimum sized to reduce area overhead. In Fig. 2, shows the 

circuit diagram of the level shifter. 

 

I) Design Based On Combination of Bi-Vos and Truncation: 

 To reduce X-Dadda circuit area, truncation technique can be used, but it results in increased output error. Output error 

increases with increased truncation width. Here, we only considered truncation of the first four LSB bits of the circuit as an 

example (Fig.5). The truncation boundary is marked by a yellow dashed line. Designers can select different widths based on 

energy, area, and error constraints. Also, it should be noted that the same level shifter was used for this design. 
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Fig.3.Structure of the 8-bit X-Dadda design with width__region2 of 9 and 5, 

illustrating the cases of without and with truncation 

 

VI.FAST DADA MULTIPLIER 

 To reduce X-Dadda circuit area, truncation technique can be used, but it results in increased output error. Output error 

increases with increased truncation width. Here, we only considered truncation of the first four LSB bits of the circuit as an 

example (Fig.5). The truncation boundary is marked by a yellow dashed line. 

Fast multiplying is very important for digital systems that need to work really well. Recently, people like to use column 

compression multipliers because they are faster for doing calculations quickly. Wallace made something called the first column 

compression multiplier in 1964. He used counters that can count groups of three rows and groups of two rows to simplify the 

way he multiplied N rows.  

 In 1965, Dadda changed how Wallace started by putting the (3,2) and (2,2) counters in the longest time it takes for the 

multiplier to complete. From the 2000s, people have looked closely at Wallace and Dadda multipliers. They found that the 

Dadda multiplier is a little bit quicker than the Wallace multiplier, and you need less equipment for it too. We made the Dadda 

multiplier faster by using new methods and then compared its speed to the old Dadda multiplier. 

 Column compression multipliers are slower when the numbers being multiplied are longer, while array multipliers are 

faster when the numbers being multiplied are longer. The time it takes for the multiplier to work is made up of three parts: 

making the numbers to multiply (PPG), adding up those numbers (PPST), and the last step of adding everything together (Final 

Adder).  

 The main things that slow down the multiplier are the PPST and the last adder. The PPG does not cause a big delay. 

By making the PPST and final adder stage of the multiplier faster, we can make the entire multiplier work better. Here, we 

decrease the time it takes for the PPST to work by using two separate units in the partial products. The new final adder is faster 

at calculating the final answers. 

 

I) Parallel Structures Designs: 

 The multiplication starts with generating partial products using AND gates. Next steps include partitioning and 

reducing them. Steps detailed in subsections below. 

 

A) Partial Product Partitioning: 
 Two n-bit operands are processed by a n by n Baugh-Wooley multiplier. The resulting partial products are denoted   

as aibj where i,j are integers from 0 to n-1. These products generate a matrix of n rows and 2n-1 columns, as depicted in Fig.4. 

Assign a number to each partial product as shown in Fig. 4(a). Assign index numbers to the given examples, such as a0b0 = 

index 0, a1b0 = index 1, etc. We rearrange partial products for convenience as shown in Fig 4(b). The longest column causes 

the highest delay in PPST. We split the PPST into two parts: Part0 and Part1, as shown in Fig. 4(c), with n columns each. We 

add up columns at the same time in both sections. 
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Fig.4. Partitioning the partial products: (a) Partial product array diagram for 8*8 multiplier, (b) An Alternative Representation, (c) 

Partitioned structure of multiplier showing part0 and part1 

 

B) The Dadda Based Reduction: 

  Partial products are reduced using (3,2) and (2,2) counters according to the Dadda reduction algorithm (see Fig. 5 

and Fig.6). The 3-bit and 2-bit groupings are (3,2) and (2,2) counters, respectively. Color differences separate columns with s 

and c representing partial sum and partial carry. Add the bit positions of 6 and 13 in part0 using a (2,2) counter to generate sum 

s0 and c0. C0 is added to s1 of the (3,2) counter, and c1 is added to the next column. 

 The last two rows of each section are added using a CLA to create partial products for a one-bit column, shown at the 

bottom of Fig. 5 and Fig.6.  

 

Fig.5.Reduction Of The Partial Products Of Part1 

Based On TheDadda Approach 

 

Fig.6. Reduction Of Multiplier Partial Products Of Part2 Based 

On The Dadda Reduction Tree 
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 Two parallel structures for Fig. 5 and 6 using Dadda approach are shown in Fig 7. HA, FA, p0, p1, and p represent a 

Half Adder, Full Adder, partial final products from part0 and part1, and final product. 

 

 

 
Fig. 7. The Dadda Based Implementation: (A) Implementation Of Part1, (B) Implementation Of Part2 

  Numerals on the HA and FA show partial product position. Part0 and part1 are independently computed in parallel, 

then added using a hybrid final adder. Before using the hybrid adder, we use the CLA for final addition on both the 

unpartitioned and partitioned Dadda multipliers. We evaluate the effect of partitioning PPST into 2 parts.  

 

II) Hybrid Adder Design 

  Hybrid final adders (CLA and CSLA) are used for faster performance in parallel multipliers. However, CSLA takes 

up more chip area. To achieve optimum performance, this hybrid adder uses MBEC and Ripple Carry Adder for fast 

summation of uneven input signals from PPST. MBEC provides faster performance than CSA and CLA. Uses less space and 

power than CSLA. 

 

A) Hybrid Adder For 8 By 8multiplier: 

  After reducing each part to one bit column, we have the final partial products: p0[10] p0[9] p0[8] p[7] p[6] p[5] p[4] 

p[3] p[2] p[1] p[0]  

p1[15] p1[14] p1[13] p1[12] p1[11] p1[10] p1[9] p1[8]  

p0[10:8] are exceeding carry bits of part0 and p1[15] is the carry bit of part1. p[7:0] of part0 are assigned as final products. To 

find p[15:8], use CLA and MBEC in Fig. 8. 

 
Fig. 8. Hybrid Final Adder Of 8 By 8 Multiplier 

 

VII.ANALYSIS 

 Please find the below Table I and Table II for the analysis of efficiency of X-Dadda and proposed Fast Dadda 

Multiplier. 

 

 

 

 

 

 

 

 
Table I – X-Dadda   Table II - Fast Dadda 

 

 

Parameters Area 

(Gate 

count) 

Power 

(mW) 

Delay 

(ns) 

 

X-Dadda 

 

 

786 

 

400.3 

 

3.446 

Parameters Area 

(Gate 

count) 

Power 

(mW) 

Delay 

(ns) 

 

Fast Dadda 

 

 

348 

 

380.61 

 

18.583 
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Table III – Comparison Table 

 

 Table I and II are compared, and Table III lists the enhanced performance of the proposed multiplier. FAST Dadda 

multiplier has lower area, power, and delay than Dadda-X. 

 

VIII.CONCLUSION 

 We have successfully completed faster multiplication by using a two design techniques; which are, partitioning of the 

partial products into two parts to perform independent parallel column compression and fast final addition using hybrid final 

adder structure. The result analysis shows that the power, area and delay are less compared to the regular Dadda multipliers. 

The suggested method for designing multipliers can be applied to parallel multipliers of all kinds, resulting in improved speed 

of operation. 
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Parameters Area 

(Gate count) 

Power 

(mW) 

Delay 

(ns) 

 

Dadda_X 

 

 

786 

 

400.3 

 

23.446 

 

Fast Dadda 

 

 

348 

 

380.61 

 

18.583 


