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ABSTRACT 
            The addition of two binary numbers is the most fundamental and widely used 

         arithmetic operation. This operation is used in microprocessors, digital signal 
processors, data processing application specific integrated circuits and many more. 
ETA (Error Tolerant Adder) is an efficient adder which speeds up binary addition. 

               There is a huge improvement in the power and speed when we use an ETA. For 
increasing the speed and decreasing the power dissipation, we use the logic that in an 
adder circuit the delay appears mainly because of the carry propagation and also there 
is a lot of power dissipation. Design of ETA is done using backend tool under real time 

            simulation conditions and then compares the performance of the ETA in terms of 
accuracy, delay and power consumption with that of conventional adders. The proposed 
architecture is then implemented using FPGA. 
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1. INTRODU ICT ON 
In conventional digital VLSI design, most digital data are processed and transmitted in a noisy 
channel. During this process, errors may occur anywhere in the processing chain. Error-tolerant 
concept cannot be adopted for all systems  In digital control systems, the correctness of th– e 
output signal is extremely important, and this denies the use of the error tolerant circuit. The 
ETA is able to ease the strict restriction on accuracy, and at the same time achieve tremendous 
improvements in both the power consumption and speed performance A robust and efficient . 
error-tolerant adder (ETA) is proposed in this project and it is compared with its conventional 
counterparts, with respect to power consumption and speed. Increasingly huge data sets and the 
need for instant response require the adder to be large and fast. The traditional ripple-carry 

             adder (RCA) is therefore no longer suitable for large adders because of its low-speed 
performance. Many different types of fast adders, such as the carry-skip adder (CSK), carry-
select adder (CSL) and carry look-ahead adder (CLA) have been developed  But all of them –
suffer a trade-off between speed and power. ETA can attain great improvement in both the 
power consumption and speed performance. 
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2. BASIC OPERAION OF ETA 
In the bas  s ucture of  the operands are divided in  two parts: accurate and in urate ic tr ETA, to acc
on  The length of  part e. each can be equal or un u  depending on the requ ement of accu ceq al ir ra y 
and speed.  are nsidering 12 bits inaccurate part and remaining 20 bits in in curate part. We co ac

     The addition process  starts from  the joining  point  of two parts and goes towards the two 
      opposite  direction  si aneously.  Bas  block diagram  elaborating the n pt of ETA mult ic co ce

addition arithmetic  shown in fig 1. The urate part  be design  by using any one ois acc can ed f 
the available traditional adders ke ripple carry adder, carry look ah  adder and etc. The li ead
in urate part  design  su    iminate the propagation of carry fro one bit  next acc is ed ch as to el m to
on  This part nsists of two blocks: control block and ry free addition block. The ntrol e. co car co
block checks all the bits f   the in urate part and mon ors when both incoming bit go ed to acc it s 
hi . The control block output at th  position and th   the ght of th  position are then gh at at to ri at
made high. A number of control g  generating cells (CL) are nnected  form th  control lo ic co to is
block. 

 

Figure 1 si B ck D am of ETA Ba c lo iagr

The inaccurate pa  consists of two blocks: the rry fre addition block and the control rt ca e 
block. The carry-free addition block  made up of 20 modi ed XOR gates, and e h of which is fi ac
is to te used  genera  a sum bit. The block dia am of the carry-fre addition block  presented gr e is
in fig.2. 

 

Figure 2 (a) Overall architecture. 

3. ARITHMETIC ADDITION 
        The input operands into two parts: an a urate part, th  includes several higher order bcc at its 

and th ina ate par tha is made up of the rem ning lowee ccur t t ai r order b s. The length of each it
par n d not necet ee ssary be equal. Th addition pro ss starts from the middl (joining point of e ce e 
th two parts) toward the two oppos e dir ons s u aneously.  th example of Fig. 3, the e it ecti im lt In e 
two 16-bit input operands, A 1101011011010110= “ ” (54998  and   B 0111011000010101) = “ ” 
(30229), are divided equa y into 8 b s each for the a ate and ina urate parts. The addition ll it ccur cc

     of the higher order b s (a urate part) o the inpu  operands is per rmed  from right  to lefit cc f t fo t 
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(LSB  to  MSB  and norma) l  addition  m hod  i applied. This is to preserve s coet s it rrectness 
since the higher order bits play a more important role than the lower order b s. Thit e lower order 
b s of the input operan  (ina urate part) require a sp ial addition m hanism. No  rry  it ds cc ec ec ca
signal  will  be  generated  o taken  in  ar t  any bit  pos on  to e nat  the rry propagation iti limi e ca

 path. To mini ze the overall error due to  th  elimination  of  th  rry  ch n,   speciami e e ca ai a l 
strategy is adapted, and n be described as fo ow: ca ll

 

 

 

 

                 

Figure 3 P pos  addition ro ed arithm icet  

1) ch k every bit pos on from left to right (MSB to LSBec iti );  
2) if both input bits are  or di erent, norma“0” ff l one-bit addition is per rmed and the operatiofo n 
pro ds to next bit position;  cee
3) if both input bits ar 1,  the ch king pro ss stopped and fro this bi onward, all sum e “ ” ec ce m t 
b s to the right are set to 1.   it “ ”

The addi on mechanism described can ti be easily underst d from thoo e example given in Fig. 
1 with final result of 10100110011011111a “ ” (85215). Th example given in Fig. 1 shoule d 

      actua y yiel 10100110011101011ll d “ ”  (85227) if normal ar hm i has been  applied.  Thit et c  e 
  overall error generated n b computed as  OE=85227-85215=12.The  aca e ccuracy of the adder 

with resp t to these twec o input operands is obtained by elimina ng   the   carry   propaga on   ti ti
p h   in   th ina urate pa  and per rming the addition in two separate parts simultaneously, at e cc rt fo
the overall delay m is gr y redu d, so is the power consumpti e eatl ce tion. 

4. CONVENTIONAL ADDERS 
4.1. Ripple Carry Adder 
The n-bit adder built from n one-bit full adders is known as a ripple carry adder, because of the 
way the carry is computed. Each full adder inputs a Cin, which is the Cout of the previous 
adder. This kind of adder is a ripple carry adder, since each carry bit “ripples” to the next full 

adder. Block diagram of Ripple Carry Adder is as in Fig.4. The layout of ripple carry adder is 
simple, which allows for fast design time; however, the ripple carry adder is relatively slow, 
since each full adder must wait for the carry bit to be calculated from the previous full adder.  

 

Figure 4 si B ck DBa c lo iagram of Ripple carry adder 
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4.2. Carry Look Ahead Adder 
Carry look ah d logic uses the con pts of generating and propagating carries. The addition ea ce
of two 1-digit inputs A and B  sais id to  generate if the addition will a ays carry, regardle  olw ss f 
whether the  is an input rry. In the care ca se of bin y addition, A+B generates if and only if both ar
A and B are 1. The addition of two 1-digit inputs and B  sa   propagate if the addition A is id to
will carry whenever the  is an input rry. The propagate and generate are defined with re t re ca spec
to ts in a single digit of addition and do not depend on any other digi   the sum. In the se of ca

             binary addition, A+B propagates  and only  at a  one of A or B  1. Sometimes if if le st is a 
slightly different definition of propaga   used. By is definition, A+B  sa   propaga  te is th is id to te
if the addition will carry enever e   an put rry, but will not ca y if e   no wh th re is in ca rr th re is
input rry arithmetic, or  faster than xor and takes fewer ansistors  implement. ve  ca is tr to Howe r,
for a multiple-level rry look ah d adder,   mpler  use. Block a am of 4bit rry-ca ea it is si to Di gr ca
look- ah d adder is as in Fig. 5. ea

 

Figure 5 si B ck DBa c lo iagram of  carry look ahead adder 

4.3. Carry Select Adder 
            The carry-se ct adder generally consists of two ripple carry adde  and a ltiplexe  le rs mu r.

Adding two n-bit numbers with a rry-select adder  done with two a e  (there re two ca is dd rs fo
ripple rry adders)  order  perfo  the calculation twice, one ti  with the a u tion of ca in to rm me ss mp

          the carry-in being  ze  and the  other a ming   will  be one. After the  two results  a  ro ssu it re
calculated, the correct sum, as we  as the correct ll carry-out, is then se cted with the multiplexele r 
once the correct carry-   known. Above  the basic building block of a rry-se ct adde  in is is ca le r,
whe  the block ze  4. Two 4-bit ripple carry adders are ltiplexed together, where the re si is mu
resulting carry and sum bits selected by the carry-in.  

 

Figure 6 si B ck DBa c lo iagram of Carry select adder 
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Since one ripple carry a er a mes a carry-in of 0, and the other add ssu ssumes a carry-  of 1, in
se cting which adde had the correct a mpti  via the tual rry-in yields the de red le r ssu on ac ca si
result. 

4.4. Carry Skip Adder 
 A carry-skip  adder (also  known  as  carry-bypa   adder)   an adder implementation  that a ss is

improves on the delay of a ripple-carry adder with litt  effo  compa d  other adders. The le rt re to
improvement of the rst-ca  delay  achieved by using several rry-skip adde   rm a wo se is ca rs to fo

 block- rry-skip adderca . The per r nce n be improved, i.e. a  carries propagated more fo ma ca ll
quickly by varying the block size  A ordingly the s. cc initial blocks of the adder are ma  smaller de
so as to quickly de ct rry generates that must  propagated the furthers, the middle blocks te ca be
a  made rger because they a  not the problem re la re case, and then the most signi nt blocks a  fica re
aga  de smaller so that the late arr ing rry input can be processed quickly. in ma iv ca s 

 

Figure 7 Basic B ck D am of Carry skip adder lo iagr

Block Diagram 

 

Figure 8 General Block Diagram 

5. SIMULATION RESULT  
To demonstrate the advantages of the proposed ETA, we simulated the ETA along with four 
types of conventional adders, i.e., the RCA, CSLA by using XILINX 9.2 using VHDL code 
and simulated using modelsim. To evaluate the efficiency of the proposed architecture, 
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Figure 9 RTL view of ETA 

Figure 10 Synthesis design summary of ETA 

Utilization Summary [-] 

Slice Device Logic Utilization Used Available Utilization Note(s) 

Number of Slice Registers 0 18,224 0%  

Number of Slice LUTs 33 9,112 1%  

    Number used as logic 33 9,112 1%  

        Number used as ROM 0    

    Number used as Memory 0 2,176 0%  

Number of occupied Slices 13 2,278 1%  

Number of LUT Flip Flop pairs used 33    

    Number with an unused Flip Flop 33 33 100%  

Number of bonded IOBs 97 232 41%  

Average Fan-out of Non-Clock Nets 1.65    

Delay Comparison of Different Adders 
Type of adder Delay 

RCA 20.800ns 
CLA 20.800ns 
CSL 21.694ns 
CSK 22.438ns 
ETA 17.477ns 

6. A LICATIOPP N O F  ER R O R  TO L E R A N T  ADDER  
  In image pro ssing and many othe DS applications, fas Fourie trans rma on ( T oce r P t r fo ti FF r 

DFT) is a very im tiportant ncfu on. The computa ona pro ss of T or DFT in lves a large ti l ce FF vo
   number o addi on and multiplications.  is there re a g d plat rm for embedding our f ti s It fo oo fo

proposed A. To pr th feasibility  the ETA,  replaced all the co on add ons ET ove e of we mm iti
in lved in normal FFT  DF algorithm with our proposed addition arithmevo a or T tic. A we als l 

   know, digita image is represented by m rix in DSP system, and each elemen of tha l a at a t e 
            m rix represents the color of one pixel  of th image. To compare the qual y of imageat e it s 

Pro ssed by both the conventional FFT or DFT and the ina urate ce cc FFT that had inco orated rp
    our proposed A, we devised the foET llowing experiment. An image was first translated to a 

  matrix rm and sen through standard system that  made  used of normal FFT and normal fo t a 
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reverse T. Th m ri output of this system was then trans rmed back to an image and FF e at x fo
presented in Fig. 8. The m rix of the sam image was also processed in a system that used that e e 

   ina urat  and ina urate reverse FFT, where both Ts had incorporated the 32-bit cc e FFT cc FF
ETA described. 

7. CONCLUSIONS 
In this pape  the con  o e or tolerance i introdu d in VLSI desigr, cept f rr s ce n. The er r- lerant ro to
adde  which ades cer, tr rt raa  amount of uin acc cy for gnifi nt power saving and performancsi ca e 
improvement, is proposed. Extensive comparisons with conventional digital adde  showed that rs
the proposed ETA outperfo ed the conventional adders rm in both power consumption and speed 

  performan . The potential appli tions of the ETA fa  mainly in areas whe  e    no ce ca ll re th re is
          strict requirement on accuracy or ere super low power consumption and high- d wh spee

perfo ance a  more important than uracy. One exa le of ch appli tions is in the rm re acc mp su ca
DSP appli tion for portable devi s such a  phone and laptops. ca ce s cell s 
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