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[bookmark: _Toc133246641]Introduction
In this assignment, I will be comparing the creation and operation of two different multipliers using VHDL code. Both multipliers are used to multiply two 8 bit numbers into a 16 bit output, the methods used are Brauns multiplier and Wallace Tree multiplier.
The report will show background research done, information and analysis of each multiplier, the circuit designs, the code used in VHDL and flowchart of the operation of each multiplier, as well as the FPGA diagrams. They will be compared at each step, followed by the testing and operation results, with a final comparison at the end along with recommendations for the future. 

[bookmark: _Toc133246642]Background Research
A binary multiplier is a type of electronic circuit that can be used to multiply two binary numbers, they work in a similar way to that of standard long multiplication in mathematics. An example of this is below:
     123
   x 567
   =====
     861  (this is 123 x 7)
    738   (this is 123 x 6, shifted one position to the left)
 + 615    (this is 123 x 5, shifted two positions to the left)
   =====
   69741
A binary multiplier works in the same way as seen below:
       1001   (this is binary for decimal 9)
     x 1110   (this is binary for decimal 14)
     ======
       0000   (this is 1001 x 0)
      1001    (this is 1001 x 1, shifted one position to the left)
     1001     (this is 1001 x 1, shifted two positions to the left)
  + 1001      (this is 1001 x 1, shifted three positions to the left)
  =========
   01111110   (this is binary for decimal 126)

When using two unsigned integers of n bits in the multiplication, we can produce an output of n x2 bits by performing n one bit multiplications then adding the outputs together. 
For example, in this report, 2 integers of 8 bits are multiplied together to get a 16 bit binary output. 
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[bookmark: _Toc133246644]Brauns
The Brauns multiplier was developed by Braun Edward Louis in 1963. 
A Brauns multiplier is a type of parallel array multiplier. It is used for achieving high execution speed demands. It consists of a AND gates and adders in an iterative structure that has no requirement for logic registers.
The Brauns multiplier can only be designed for use with unsigned integers. It is used in DSP processors and also used in image processing. 
In a Brauns multiplier, each full adder has 3 Inputs, A,B and Cin. A and B being the relevant input bits and Cin being the Carrt input from the previous adder’s output. The full adders have 2 outputs, Sum and Cout. Sum being the result of the adder and Cout being the carry that becomes an input for the next adder. 
The half adders have 2 inputs, A and B, both being the relevant bit inputs, the outputs are Sum and Carry, which work in the same way as the full adders.
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The above image shows the structure of how a Brauns multiplier works and what inputs are required to produce a given output bit. For example, for P0 to equal 1, A0B0 must equal 1. For P3 to equal 1, one of A3B0, A2B1, A1B2 or A0B3 must equal 1. 

[bookmark: _Toc133246645]Wallace Tree
A Wallace Tree multiplier is a type of binary long multiplier, it uses half and full adders to sum two binary numbers in stages until only two numbers are left, a Wallace Tree multiplier will reduce as much as possible at each stage. It was devised by Chris Wallace, an Australian computer scientist in 1964. A Wallace Tree multiplier has three steps to it:
· Multiply each bit of one input by each bit of the other. 
· Reduce the number of partial products down to two using half and full adders.
· The final product is calculated by the weighted sum of all of the products of its factors. 
Comparably to adding partial products with regular adders, a Wallace Tree multiplier has a faster operation speed. The downside of the Wallace Tree multiplier is the much higher gate count compared to the naïve addition of partial products. 
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The above images show the stages of the Wallace Tree multiplier. The first image is similar to that of the Brauns multiplier, the second image shows the breakdown of each stage.
The Wallace Tree multiplier uses the previous stages as inputs for its next stage. Half adders have two inputs and two outputs, the inputs being for example A0B1 and A1B0, with each of those being equal to either 1 or 0. The outputs are the Sum and Carry. The full adders have 3 inputs and 2 outputs, the inputs being dependant on the stage of the multiplier. At the first stage, the inputs are all binary inputs of the possible outcomes, for example they could be A2B0, A1B1 and A0B2, whereas at further stages, the inputs will be one of the possible outcomes, such as A0B3 and the other two will be the outputs from the previous connected adders. This again gives a Sum and Carry output which proceeds to be an input for the next stages.
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The above dot diagram shows the stages for the Wallace Tree multiplier, the dots connected in threes show full adders, the dots connected in twos show half adders. There are 5 stages to a Wallace Tree multiplier, this ties in with the circuit diagram shown in the latter sections.

[bookmark: _Toc133246646]Circuit Designs
The below schematics show the critical paths of each multiplier. The critical path is the longest possible route from start to finish, in other words, the section that will cause the longest delay.
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The delays for the Brauns multiplier are shown below. Path 9 is the highlighted critical path.
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With the largest delay being 7.452ns. 
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This is the critical path of the Wallace tree multiplier.
The delays are below:
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As can be seen, path 11 has the largest delay, at 13.867ns.

The largest delay between the two systems is the Wallace tree multiplier at 13.867ns compared to the 7.452ns on Brauns. This is due to the Wallace Tree multiplier having a higher requirement for the number of logic gates used. 

To improve the speed of the system, it is possible to implement DSP48 in to the code. This enables pipeline registers for each DSP48 input and two registers for each DSP48 output. This will give maximum performance. 
The code design should also be optimised, area optimisations will reduce resource usage of the design and speed optimisations will improve the systems timing so that the system will run at higher frequencies by optimising the critical path. 
These can be done by using the following optimisations:
Speed Optimisations
Clock rate pipelining: This is a software option that tuns pipeline registers at faster clock rates when you have an oversampling factor that is larger than 1. 
Distributed pipelining: This option retimes registers that have existing delays so that the system can evaluate what pipelines need faster clock rates for the targeted device.
Adaptive pipelining: This inserts pipeline registers at the input, output or both to create efficiently mapped blocks to DSP units. This considers the target device, frequency, multiplier word lengths and VHDL block property settings.
Loop unrolling: This is where a loop is unrolled by instantiating multiple loop body instances generated in the code. 
Area Optimisations
Resource sharing: This is an optimisation that will identify multiple equivalent resources and replace them with a single resource. 
Streaming: This optimisation is used to split the vector data path into smaller data paths based on a streaming factor.
Loop streaming: This is where a loop is streamed by instantiating the loop body once and then reusing that instance for each iteration of the loop.

[bookmark: _Toc133246649]System Operation Flow Charts
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The operational flow chart follows the principle of long multiplication, from P0 to P15. Each of the outputs is added together to give the final 16 bit binary output. 
As can be seen, the system is made up of AND gates, full adders and half adders. Each line dealing with one of the bits of the second 8 bit number along with each bit of the first 8 bit number, they then filter into an adder along with the sum output of the previous line. 
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The Wallace Tree multiplier uses a series of full and half adders to condense the system at each level, as seen in the above diagram. This filters the inputs and outputs down to a final 16 bit number.

[bookmark: _Toc133246652]FPGA Diagrams
[bookmark: _Toc133246653]Brauns
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This is the FPGA diagram for the Brauns multiplier, this shows each of the configurable logic blocks surrounded by the system of programmable interconnects. The highlighted blocks are those used by the designed system, along with the pathways that connect each input and output. This gives a visual representation of what the physical chip would look like and how it would be connected if built to be able to carry out the created multiplier code.
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This is the FPGA diagram for the Wallace Tree multiplier, this shows each of the configurable logic blocks surrounded by the system of programmable interconnects. The highlighted blocks are those used by the designed system. The highlighted paths are the connections between each input and output. 
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As you can see from this code, the outputs follow the flow chart of how the multiplier works and works very similarly to long multiplication. Each output is made up of AND and XOR operation gates with all possibilities given, the possibilities are determined by the table shown in the information section of this report.
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This is the code written to create a Wallace Tree multiplier in VHDL, this is most likely over complicated to able to achieve the desired output but with a lack of knowledge on coding in VHDL, this was the only way I was able to accomplish it. The code is made up using inputs, outputs, Half Adders and Full Adders to achieve the required 16 bit output. 
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As can be seen, the Brauns multiplier uses 9.599W of total on chip power, junction temperature is 70.9°C. I/O uses most of the power at 9W with signals and logic using the remainder of the power. Although there is a 0.127W of device static. 
There is a minimal timing delay on the Brauns multiplier. 

[bookmark: _Toc133246660]Wallace Tree
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The power consumption of the Wallace tree multiplier is just under 20W, at 19.672W, there is a high junction temperature of 119°C. The I/O uses a massive amount of the power consumption at 15.541W with signals at 1.945W and Logic at 1.772W. There is also 0.414W of device static. 
The timing delay on the Wallace tree is slightly larger than that of the Brauns multiplier. 
The Wallace Tree multiplier output efficiency in terms of both temperature and total power should in theory be less than what the software is providing in its report. This is because a Wallace Tree multiplier should use less power than what it is using in general and should in theory be less than what is used by the Brauns multiplier. 

[bookmark: _Toc133246661]Final Comparisons
The overall comparison of the two solutions shows that the Brauns multiplier is the better option for an 8x8 multiplier, it has a lower power requirement, faster speed and operates at a lower temperature than the Wallace Tree multiplier, although the Wallace Tree multiplier uses just under double the I/O power consumption it has more than six times the power consumption in signals and over ten times more logic power consumption. The code is also much shorter for the Brauns multiplier meaning the process is faster, it also has a much shorter critical path, this means the longest possible route in the code is shorter than that of the Wallace Tree multiplier, with the Brauns multiplier having a longest possible delay of 5.317 seconds compared to the Wallace Tree multiplier having a longest possible delay of 13.732 seconds. The Brauns multiplier code was also far simpler to write and is much easier to understand compared to the Wallace Tree multiplier code. Overall Brauns multiplier is the better option as it is simpler to code, understand and more efficient and faster compared to the Wallace Tree multiplier. 
I believe this is wrong as the Wallace Tree multiplier should in theory be more efficient in every way compared the Brauns multiplier and should be the better option. 

[bookmark: _Toc133246662]Conclusions and Recommendations
In conclusion, the systems work but I believe there are a few improvements that should be made, such as those listed in the testing section of the report. Also, as the Wallace Tree multiplier appears to be wrong in terms of coding, this has brought up faults where it does not give the efficiency expected of it in terms of power and timings. In the future, the Wallace Tree multiplier would be written differently to try and achieve the required operation efficiency. 
For future work in the aspects of coding, I would ensure some of the techniques that can reduce the delay, would be used in other programs. I would also ensure that the code is written in a better and more efficient way, such as by condensing it. But this would only be able to be done once my knowledge of coding in VHDL was improved upon doing more research. 
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library ieee;

use ieee.std logic_1164.a11;

entity miltiply is

port (3, B : in bit vector(7 downto 0);
® : out bit_vector(5 downto 0));

end miltiply;

architecture dataflow of miltiply is

begin
B(0) <= A(0) AND B(0);
B(L)

B(2) <= ((A(2) D B(0))
B(3) <= ((A(3) AND B(0))
B(3) <= ((a(4) 2D B(0))
B(S) <= ((A(5) AND B(0))
B(6) <= ((A() AND B(0))
B(7) <= ((A(7) AND B(0))
2(8)

2(5)

B(10) <= (A(7) AND B(3))

B(1L) <= (A(7) AND B(4))
B(12) <= (A(7) AND B(S))
B(13) <= (A(7) AND B(&))
B(14) <= (A(7) AD B():
end architecture;
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library IEEE;
use IEEE.std logic 1164.al1;
use IEEE.std_logic_arith.all;
entity walleres_mil is

pore {
Pl in std logic_vector(s downto 0 );
op2 1 in std_logic_vector(9 downto 0 );
result :  out std logic vector(20 downto

i
end walleres_mal;
architecture rel of walltree mil is
signals for the partial products

signal ppo : std_logic vector(s downto
signal ppl @ std_logic_vector(s downto
signal pp2 @ std_logic_vector(s downto

signal pp3 : std_logic_vector(§ downto
signal ppé : std_logic_vector(§ downto
signal ppS : std_logic_vector(§ downto
signal ppé : std_logic_vector(§ downto
signal pp7 : std_logic_vector(§ downto
signal ppé : std_logic_vector(§ downto
signal pps : std_logic_vector (s downto

internal signals

layer s 1

csa : 0
signal sigCSh_sum 0
signal sigCsh_cry 0

csa 1
signal sigCSh_sum 1
signal sigCsh_cry 1
signal sigCSh_sum 2
signal sigCsh_cry 2

5igCsA_sum 3
s1gCSA_cry_3

std logic vector (11 downto
std_logic vector (11 downto

std logic vector (11 downto
std_logic vector (11 downto

std logic vector (11 downto
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std logic vector (14 downto
std_logic_vector (14 downto
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signal sigCSR_sum ¢
signal sigCsh_cry ¢

std_logic_vector (14 downto 0);
std_logic_vector (14 downto 0);

- layer: s

signal sigCsA_sum 5 : std_logic_vector (18 downto 0);
signal sigCsA_crys : std_logic_vector (18 downto 0);

- layer : 4
s 6

signal sigCSh_sum 6
signal sigCSh_cry 6

std_logic_vector (19 downto 0);
std_logic_vector (19 downto 0);

std_logic_vector (20 downto 0);
+ std_logic_vector (20 downto 0);

&1l csa structures generated
carry signal for the final RCA

signal carry rea ¢ std logic vector( 19 downto 0 );
begin

BRO(0) <= opl(0) and op2(0);
PRO(1) <= opl(0) and op2(l);
PPO(2) <= opl(0) and op2(2);
PPO(3) <= opl(0) and op2(3);

PPO(4) <= opl(0) and op2(4);
EPO(S) <= opl(0) and op2(s):
EPO(€) <= opl(0) and op2(6);
BRO(T) <= opl(0) and op2(7);
EPO(E) <= opl(0) and op2(8);
BPO(S) <= opl(0) and op2(9):
BPL(0) <= opl(1) and op2(0);
BPL(1) <= opl(1) and op2(l);

Bp1(2)
o1 (3)

opl(1) and op2(2);
opl(l) and op2(3):
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brpse) <= op1(s)

PPS(9) <= opl(s)
PPE(D) <= opl(€)
PPE(L) <= opl(€)
PPE(2) <= opl(€)
PPE(3) <= opl(€)
PRE(4) <= opl(€)
PRE(S) <= opl(€)
PRE(€) <= opl(€)
PRE(T) <= opl(€)
PRE(E) <= opl(€)
PRE(S) <= opl(€)
BPT(0) <= opl(7)
BPT(1) <= opl(T)
PPT(2) <= opL(T)
BPT(3) <= opL(T)
BPT(4) <= opl(T)
BPT(S) <= opl(T)
BPT(€) <= opl(T)
BPT(7) <= opl(T)
BPT(8) <= opl(T)
BPT(9) <= opl(T)
PPE(0) <= opl()
PPE(1) <= opl(e)
PPE(2) <= opl()
PPE(3) <= opl()
PPE(4) <= opl()
PPE(S) <= opl()
PPE(€) <= opl(2)
PPE(7) <= opl()
PPE(8) <= opl()
PPE(9) <= opl()
PP9(0) <= opl(3)
PPS(1) <= opl(3)
PP9(2) <= opl(3)
PP9(3) <= opl(3)
PPS(4) <= opl(3)
PP9(5) <= opl(3)

PP9(€) <= opl(3)
PPS(7) <= opl(3)
Bp9(8) <= opl(9)
Bp9(9) <= opl(9)
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rating sigCSA sum 0 and sigCSA cry 0

519CSA_sum_0(0)
51gCsA_cry_0(0)
51gCSA_sum_0(1)
s1gCsA_cry_0(1)
51gCSA_sum_0(2)
51gCSA_cry_0(2)
51gCSA_sum_0(3)
51gCSA_cry_0(3)
51gCSA_sum_0(4)
51gCSA_cry_0(4)
51gCSA_sum_0(5)
51gCSA_cry_0(5)
51gCSA_sum_0(€)
51gCSA_cry_0(6)
51gCSA_sum_0(7)
51gCSA_cry_0(7)
51gCSA_sum_0(8)
s1gCSA_cry_0(8)

PR0(0) xor '0" xor *
= (ppO(0) 2nd '0" ) or ('0' and ( BRO(0) xor 'O )) :
PRO(1) xor ppL(0) xor 0"

(PpO(1) 2nd PR1(3) ) or ( '0' and ( pRO(1) %oz PR1(0) )) &
= 00 (2) %oz pRL(1) 30T PR2(0) ;

(PPO(2) 2nd BEL(1) ) ox ( PR2(0) 2nd ( ppO(2) xox ppL(L) ))
= 00 (3) oz pp1(2) 30T PR2(1) ;

(PPO(3) 2nd BRL(2) ) or ( PR2(1) 2nd ( ppO(3) xox ppL(2) ))
= o0 (4) oz pP1(3) Tor PR2(2) ;

(PPO(4) 2nd BRL(3) ) or ( PR2(2) 2nd ( pPO(§) xox BPL(3) ))
BR0(5) xor ppl(4) zor PR2(3) ;

= (pPO(S) 2nd PPL(4) ) or ( Pp2(3) and ( pPO(S) xox PPL(4) ))
Pp0(6) xor ppL(S) %oz PR2(4) :

(PPO(6) 2nd BEL(S) ) or ( PR2(4) 2nd ( ppO(€) xox BPL(S) ))
= o0 (7) oz pR1(6) Tor PR2(S) ;

(PPO(7) 2nd BEL(6) ) ox ( PR2(S) 2nd ( ppO(7) xox BPL(6) ))
Bp0(8) xor ppL(7) %oz PR2(6) :

= (pPO(2) 2nd PPL(T) ) or ( Pp2(6) and ( pPO(E) xox PPL(T) ))
51gCSA_sum_0(9) <= ppO(9) oz PpL(E) Xor Pp2(T) 7

51gCSA_cry_0(5) <= ( PPO(9) and PpL() ) or ( PP2(7) and ( PPO(S) xor PRL(2) ))
53gCSA_sum_0(10) <= '0' xor ppl(9) xor PR2(8) ;

51gCSA_cry_0(10) <= ( '0' and ppl(9) ) or ( PF2(8) and ( '0' xor pRL(9) ) ;
53gCSA_sum_0(11) <= '0' xor '0' xor pp2(9)

53gCSA_cry_0(11) <= ( '0' and '0' ) or ( pp2(8) and ( '0' xor '0" )) ;





image20.png
ating sigCSA sum 1 and sigCSA cry 1

51qCSA_sum_1(0) <= pp3(0) xor 0" xor 0" ;
(p3(0) 2nd '0" ) or ( 'O and ( pP3(0) xor 'O ))

s1gCsA_cry_1(0)
51gCSA_sum_1(1)
s1gCsA_cry_1(1)
51gCSA_sum_1(2)
s1gCSA_cry_1(2)
519CSA_sum_1(3)
51gCSA_cry_1(3)
51gCSA_sum_1(4)
s1gCSA_cry_1(4)
51gCSA_sum_1(5)

B3(1) xor ppa(0) xor
(pp3(1) and ppa(0) )
P3(2) xor ppd(1) TOr
(pp3(2) and ppa(1) )
23 (3) xor ppd(2) TOr
(pp3(3) and ppa(2) )
3 (4) xor ppd(3) zor
(pp3(4) 2nd ppa(3) )
B3 (5) xor ppd(4) zor
51gCSA_cry_1(5) <= ( PP3(S) and pp4(4) )
319CSA_sum_1(€) <= pp3(€) xor PP (S) xor
51gCSA_cry_1(6) <= ( PP3(€) and PPA(S) )
319CSA_sum_1(7) <= pp3(7) xor Pp4(6) xox
51gCSA_ory_1(7) <= ( PP3(7) and PP4() )
319CSA_sum_1(2) <= pp3(2) xor ppd(7) xox
51gCSA_ory_1(2) <= ( PP3(2) and ppA(T) )
319CSA_sum_1() <= pp3(5) xor ppé (8) xor
51gCSA_ory_1(9) <= ( PP3(9) and PR4(2) )

or (0" and (pp3(1) x0r PRA(0) ))

PBS(0) ;

or (ppS(0) and ( pp3(2) xor

PRS(1)
or (pp5(1)
PPS(2) ;
or (pp5(2)
BPS(3) ;
or (pp5(3)
RS (4)
or (pp5(4)
BRS(5) ;
oz (pp5(5)
PBS(6)
oz (pp5(6)
BRS(7)
o (pp5(7)

51qCSA_sum_1(10) <= 0" xor ppd(9) xor pps(8)

2igCsA_cry_1(10)
819CSA_sum_1(11) <

0" xor *

and

and

and

and

and

and

and

(0" and pp4(9) ) or ( PPS(s) and (
xor pp5(9) ¢
519CSA_cry_1(11) <= ( '0' and '0' ) or { ppS(S) and (

«

«

Bp3(3)

Bp3(4)

Bp3(5)

B3 (6)

Bp3(7)

Pp3(8)

Bp3(9)

Ppa(1)

Pp4(2)

Pp4(3)

Bp4(4)

Bp4(5)

Bp4(6)

Bp4(T)

ppa(8)

"0' xor ppa(9) )) ;

xor '0" )

n

n

n

n

n

n

n

n
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ating sigCSA sum 2 and sigCSA cry 2
519CSA_sum_2(0)
s1gCsA_cry_2(0)
51gCSA_sum_2(1) <= Pp6(1) %oz Pp7(0) xor
51gCSA_ory_2(1) <= ( PP6(1) nd EPT(0) )
51gCSA_sum_2(2) <= PP6(2) %oz PpT(1) xor
51gCSA_ory_2(2) <= ( PP6(2) and BPT(L) )
51gCSA_sum_2(3) <= PP6(3) oz PpT(2) xor
51gCSA_ory_2(3) <= ( PP6(3) and BPT(2) )
51gCSA_sum_2(4) <= PP6(4) oz PpT(3) xor
51gCSA_ory_2(4) <= ( PP6(4) and BPT(3) )
51gCSA_sum_2(S) <= DP6(S) oz PpT(4) xor
51gCSA_cry_2(5) <= ( PP6(S) and BPT(4) )
51gCSA_sum_2(6) <= DP6(€) xor PpT(S) xor
51gCSA_ory_2(6) <= ( PP6(€) and BPT(S) )
51gCSA_sum_2(7) <= Pp6(7) oz PpT(€) xor
51gCSA_ory_2(7) <= ( PP6(T) and EPT(E) )
51gCSA_sum_2(8) <= PP6(8) oz pp7(7) xor
51gCSA_ory_2(2) <= ( PP6(2) and BPT(T) )
51gCSA_sum_2(9) <= PP6(9) oz PpT(8) xor
51gCSA_ory_2(9) <= ( PP6(9) and PPT(2) )
51gCSA_sum_2(10) <
51gCSA_cry_2(10) <
53gCSA_sum_2(11) <= '0" or '

PRE(0) xor "0" xor '0' ;
(pPE(0) and '0" ) or ( 'O and ( PRE(D) o 'O ))

or (
PRE(0) ;

or (ppe(0) and ( pp6(2) xor

PRE(L) ;
or (pp8(1)
PRE(2)
or (pp8(2)
PRE(3)
or (pp8(3)
PRE(4) ;
or (pp8(4)
PRE(S) ;
oz ( pp8(s)
PRE(E)
oz ( pp8(s)
PRE(T)
oz (pp8(7)

"0 xoz ppT(S) Xor PpE(s) ;
(0" and pp7(9) ) o ( PpE(s) and (
xor ppR(9) ¢
51gCSA_cry_2(11) <= ( '0' and '0' ) or ( ppg(9) and ( '

and

and

and

and

and

and

and

«

«

PpE(3)

PpE(4)

BpE(S)

BpE(6)

BpE(T)

pé(8)

BpE(9)

0" and ( ppé(l) xox pp7(0) ))

Bp7(1)

Bp7(2)

B27(3)

Bp7(4)

Bp7(5)

Bp7(6)

Bp7(T)

Bp7(8)

"0* xor pRT(9) ) ;

xor '0" )

n

n

n

n

n

n

n

n
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ating sigCSA sum 3 and sigCSA cry 3

51qCSA_sum_3(0) <= sigCSA_sum_0(0) xor '0' xor 0" ;
1qCSA_cry 3(0) <= ( igCSA_sum 0(0) and '0' ) or ('0' and ( sigCSA_sum 0(0) xor '0" )

1qCSA_sum_3(1) <= sigCSA_sum_0(1) xor sigCSh_cry 0(0) xor '0' ;

51qCSA_cry 3(1) <= ( sigCSA_sum 0(1) and sigCsA_cry_0(0) ) or ( '0' and ( sigCSA_sum 0(1) xor sigCsh_cry_0(0) )) :
51qCSA_sum_3(2) <= sigCSA_sum_0(2) xor sigCSh_cry 0(1) xor '0' ;

51CSA_cry_3(2) <= ( s5igCSA_sum 0(2) and sigCsA_cry_0(1) ) or ( '0' and ( sigCSA_sum 0(2) xor sigCsh_cry 0(1) )) :
51gCSA_sum_3(3) <= 31gCSA_sum_0(3) xor sigCSh_cry_0(2) xor sigCsh_sum 1(0) ;

51CSA_cry_3(3) <= ( sigCSA_sum 0(3) and sigCsA_cry 0(2) ) or ( SigCsA_sum_1(0) and ( sigCsA_sum 0(3) xor sigCsh_cry 0(2) ))
1gCSA_sum_3(4) <= s1gCSA_sum_0(4) xor sigCSh_cry_0(3) xor sigCsh_sum 1(1) ;

51gCSA_cry_3(4) <= ( sigCSA_sum 0(4) and sigCsA_cry 0(3) ) or ( sigCsA_sum (1) and ( sigCsA_sum 0(4) xor sigCsh_cry 0(3) ))
1gCSA_sum_3(5) <= s1gCSA_sum_0(5) xor sigCSh_cry_0(4) xor sigCsh_sum 1(2) ;

51qCSA_cry_3(5) <= ( 5igCSA_sum_ 0(5) and sigCsh_cry 0(4) ) or ( SigCsA_sum 1(2) and ( sigCsA_sum 0(5) xor sigCsh_cry 0(4) ))
1gCSA_sum_3(6) <= 31gCSA_sum_0(6) xor sigCSh_cry_0(S) xor sigCsh_sum 1(3) ;

51CSA_cry_3(6) <= ( 5igCSA_sum_ 0(6) and sigCsA_cry 0(S) ) or ( sigCsA_sum_1(3) and ( sigCSA_sum 0(6) xor sigCsh_cry 0(s) ))
1gCSA_sum_3(7) <= s1gCSA_sum_0(7) xor sigCSh_cry_0(6) xor sigCsh_sum 1(4) ;

51qCSA_cry_3(7) <= ( 5igCSA_sum 0(7) and sigCsA_cry 0(6) ) or ( SigCsA_sum_1(4) and ( sigCsA_sum 0(7) xor sigCsh_cry 0(6) ))
1gCSA_sum_3(8) <= 31gCSA_sum_0(8) xor sigCSh_cry_0(7) xor sigCsh_sum 1(5) ;

51qCSA_cry_3(8) <= ( s5igCSA_sum 0(8) and sigCsA_cry 0(7) ) or ( sigCsA_sum_1(5) and ( sigCsA_sum 0(8) xor sigCsh_cry 0(7) ))
1gCSA_sum_3(9) <= 31gCSA_sum_0(9) xor sigCSh_cry_0(8) xor sigCsh_sum 1(6) ;

51CSA_cry_3(9) <= ( sigCSA_sum_ 0(9) and sigCsA_cry 0(8) ) or ( sigCSA_sum_1(6) and ( sigCSA_sum_ 0(9) xor sigCsh_cry 0(8) )) :
51qCSA_sum_3(10) <= sigCSA_sum_0(10) xor sigCSh_cry 0(9) xor sigCsh_sum 1(7)

51CSA_cry_3(10) <= ( sigCSA_sum_0(10) and sigCsA_cry_0(9) ) or ( sigCSA_sum 1(7) and ( sigCSA_sum_ 0(10) xor sigCsh_cry 0(5) ))
51qCSA_sum_3(11) <= sigCSA_sum_0(11) xor sigCsh_cry_0(10) xor sigCsh_sum_1(8) :

51qCSA_cry 3(11) <= ( sigCSA_sum (1) and sigCsA_cry 0(10) ) or ( sigCSA_sum_1(8) and ( sigCSA_sum 0(11) xor sigCsh_cry 0(10) )) :
51qCSA_sum_3(12) <= '0' xor sigCSA_cry 0(11) xor sigCsA_sum 1(9) :

1qCSA_cry 3(12) <= ('0' and sigCSA_cry 0(11) ) or ( sigCSh_sum 1(5) and ( '0' xor sigCSh_cry 0(11) )) ;

51qCSA_sum_3(13) <= 0" xor '0' xor sigCSA_sum 1(10) ;

1gCSA_cry 3(13) <= (0" and '0' ) or ( sigCSh_sum 1(10) and ( '0' xor '0' ) ;

51qCSA_sum_3(14) <= 0" xor '0' xor sigCSA_sum 1(11) ;

519CSA_cry_3(14) <= ( '0' and '0' ) or ( sigCSA_sum 1(L1) and ( '0' xor '0'))





image23.png
51gCSA_cry_1(0) xor 0" xor 0"

51qCSA_cry_1(1) xor 0" xor 0" ;

53gCSA_czy_1(2) xor sigCSA_sum 2(0) xor
51gCSA_cry_4(2) <= ( sigCsh_cry_1(2) and sigCSh_sum 2(0) )
53gCSA_sum_4(3) <= 5igCSA_cry_1(3) xor sigCSA_sum 2(1) xor
51gCSA_cry_4(3) <= ( sigCsh_cry_1(3) and sigCsh sum 2(1) )
51gCSA_sun_4(4) <= sigCSA_cry 1(4) xor sigCSA_sum 2(2) xor
51gCSA_cry_4(4) <= ( sigCSh cry_1(4) and sigCsh sum 2(2) )
51gCSA_sun_4(5) <= sigCSA_cry_1(5) xor sigCSA_sum 2(3) xor
51gCSA_cry_4(5) <= ( sigCSA_cry_1(S) and sigCsh _sum 2(3) )
51gCSA_sun_4(6) <= s5igCSA_cry_1(6) xor sigCSA_sum 2(4) xor
51gCSA_cry_4(6) <= ( sigCsA_cry_1(€) and sigCsh _sum 2(4) )
51gCSA_sum_4(7) <= sigCSA_cry 1(7) xor sigCSA_sum 2(5) xor
51gCSA_cry_4(7) <= ( sigCsA_cry_1(7) and sigCsh sum 2(5) )
51gCSA_sun_4(8) <= sigCSA_cry_1(8) xor sigCSA_sum 2(6) xor
51gCSA_cry_4(8) <= ( sigCSA_cry_1(2) and sigCsh_sum 2(6) )
319CSA_sun_4(9) <= 3igCSh_cry_1(9) xor sigCSh_sum 2(7) xor
51gCSA_cry_4(9) <= ( sigCSA_cry_1(3) and sigCsh_sum 2(7) )
51gCSA_sum_4(10)
51gCSA_cry_4(10)
51gCSA_sum_4(11)
51gCSA_cry_4(11)
53gCSA_sum_4(12)
s1gCSA_cry_4(12)
51gCSA_sum_4(13)
s1gCSA_cry_4(13)
51gCSA_sum_4(14)
8igCSA_cry 4(14)

*0" xor '0' xor sigCSA_ery_2(11) ;

or

( 5igCS_cry_1(0) 2nd *0' ) or ( '0" and ( sigCsA_cry_1(0) xor '0" )) ;

( s1gCSA_cry 1(1) and "0 ) or ( '0' and ( sigCSA_cry 1(1) xor "0 )) ;

or (0" and ( sigCSA_cry 1(2) xor sigCsh_sum 2(0) ))

s51qCsA_cry 2(0) &

or ( s19CSA_cry_2(0) and ( s1gCSA_cry_1(3) xor sigCSA_sum 2(1) ))

sigCsA_cry 2(1) ;
or ( sigtsh_cry_2(1)
sigCsA_cry 2(2)
or ( sigtsh_cry_2(2)
sigCSA_cry 2(3)
or ( sigtsh_cry_2(3)
sigCsA_cry 2(4) ;
or ( sigtsh_cry_2(4)
sigCSA_cry 2(5) ;
or ( sigtsh_czy_2(s)
sigCSA_cry_2(6) ;
or ( sigtsh_cry_2(6)

53gCSA_cry_1(10) xor sigCSA_sum 2(8) xor sigCSh cry_2(T) ;
= ( s19CSA_cTy_1(10) and sigCSA_sum 2(8) ) or ( sigCSA_cry 2(7) and ( sigCSA_cry 1(10) xor sigCsh_sum 2(s)
= 51qCSA_cry_1(11) xor sigCSA_sum 2(9) xor sigCSA_cry 2(8) :
( 51g5A_cry_1(11) 2nd sigCSA sum 2(5) ) or ( sigCh_cry_2(s) and ( sigCSA cry 1(11) xor sigCSA_sum 2(9)
= "0" xor 51gCSA_sum 2(10) xor sigCSA_cry 2(9) :

= ("0' and igCSA_sum 2(10) ) or ( sigCSA_cry_2(5) and (
"0 xor sigCSA_sum 2(11) xor sigCsh_cry 2(10) ;

(0" and sigCSA sum 2(11) ) or ( sigCSA_cry 2(10) and ( '0' xor sigCSh_sum 2(11) ) ;

(70" and '0' ) or ( sigCSA cry 2(11) and ( '0' xor '0' ))

and (

and (

and (

and (

and (

and (

51qCSA_cry_1(4) xor sigCsA_sum 2(2) ))

51gCSA_cry_1(5) xor sigCsA_sum 2(3) ))

51gCSA_cry_1(6) xor sigCsA_sum 2(4) ))

51gCSA_cry_1(7) xor sigCsh_sum 2(5) ))

519CSA_cry_1(2) xor 1gCSA_sum_2(6) )

51qCSA_cry_1(9) xor sigCsA_sum 2(7) ))

xor sigCSA_sum 2(10) )) ;
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51gCSA_sum_5(0)
51gCSA_cry_5(0)
51gCSA_sum_5(1)
s1gCSA_cry_5(1)
51gCSA_sum_5(2)

51gCSA_sum_3(0) xor 0" xor 0"

51qCSA_sum 3 (1) xor sigCSh_cry 3(0) xor '0' 5

1qCSA_sum_3(2) xor sigCSh_cry 3(1) xor '0"

( 51gCSA_sum 3(0) 2nd *0" ) or ( '0' and ( sigCSA_sum 3(0) xor '0" )) ;

( 51gCSA_sun 3(1) 2nd sigCSA_cry_3(0) ) or ( '0° and ( sigCSA_sum 3(1) xor sigCsh_cry 3(0) )) ;

s19CSR_cry 5(2) <= ( sigCSR_sum 3(2) and sigCSA_cry 3(1) ) or ('0' and ( sigCSA_sum 3(2) xor sigCsh_cry 3(1) ))

51gCSA_sum_5(3)
51gCSA_cry_5(3)
51gCSA_sum 5 (4)
s1gCSA_cry_5(4)
51gCSA_sum_5(5)
51gCSA_cry_5(5)
51gCSA_sum 5 (€)
51gCSA_cry_5(6)
51gCSA_sum_5(7)
51gCSA_cry_S(T)

1qCSA_sum_3(3) xor sigCSh_cry 3(2) xor '0"

S19CSA_sun_3(4) xor sigCSA_cry_3(3) xor sigCsh_sun 4(0) ;
( 53gCSA_sum 3(4) and sigCSA_cry_3(3) ) or ( sigCSA_sum 4(0)
519CSA_sun_3(s) xor sigCSA_cry_3(4) xor sigCsh_sum 4(1) ;

( 539CSA_sum 3(5) and sigCSA_cry_3(4) ) or ( sigCSA_sum 4(1)
519CSA_sun_3(6) xor sigCSA_cry_3(s) xor sigCsh_sun 4(2)

( 539CSA_sum 3(6) and sigCSA_cry_3(S) ) or ( sigCSA_sum 4(2)
519CSA_sun_3(7) xor sigCSA_cry_3(6) xor sigCsh_sun 4(3) :

( 539CSA_sum 3(7) and sigCSA_cry_3(6) ) or ( sigCSA_sum 4(3)
51gCSA_sum_5(8) <= 5gCSA_sun 3(8) xor sigCSA_cry_3(7) xor sigCSA_sum 4(4) :

51gCSA_cry_5(8) <= ( 3igCSA_sum 3(2) and 2igCSA_cry_3(7) ) or ( sigCSA_sum 4(4)
51gCSA_sum_5(9) <= 5gCSA_sun 3(9) xor sigCSA_cry_3(8) xor sigCSA_sum 4(5) :

53gCSA_cry_5(9) <= ( 3igCSA_sum 3(9) and 2igCSA cry_3(8) ) or ( sigCSA_sum 4(5)
51gCSA_sum_5(10) <= 5igCSA_sum 3(10) xor sigCS_cry_3(3) xor sigCSR_sum 4(6) ;
51gCSA_cry_5(10)
51gCSA_sum_5(11)
51gCSA_cry_5(11)
51gCSA_sum_5(12)
51gCSA_cry_5(12)
53gCSA_sum_5(13)
51gCSA_cry_5(13)
51gCSA_sum_5(14)
51gCSA_cry_5(14)
519CSA_sum_5(15)
51gCSA_cry_5(15)
519CSA_sum_5(16)
51gCSA_cry_5(16)
519CSA_sum_5(17)
51gCSA_cry_5(17)
51gCSA_sum_5(18)
51qCSA_cry_5(18)

= 51gCSA_sum_3(11) xor sigCSA_cry_3(10) xor sigCSA_sum 4(7) ;

= 51gCSA_sum_3(12) xor sigCSA_cry_3(11) xor sigCSA_sum 4(8) ;

51qCSA_sum_3(13) xor sigCsh_cry_3(12) xor sigCsh_sum 4(9) ;

= 51gCSA_sum_3(14) xor sigCSA_cry_3(13) xor sigCSA_sum 4(10) ;

0" xor sigCSA_cry_3(14) xor sigCSA_sum 4(11) ;

0" xor '0" xor sigCSA_sum 4(12) ;
('0" and "0 ) or ( sigCSA_sum 4(12) and ( 'O xor "0 )) ;
0" xor '0" xor sigCSA_sum 4(13) ;
('0" and "0 ) or ( sigCSA_sum 4(13) and ( '0° xor '0' )) ;
0" xor '0" xor sigCSA_sum 4(14) ;
= (70" and '0" ) or ( sigCSA_sum 4(14) and ( '0' xor '0' ) ;

and

and

and

and

and

and

«

«

«

«

«

«

( 51gCSA_sun 3(3) 2nd sigCSA_cry_3(2) ) or ( '0' and ( sigCSA_sum 3(3) xor sigCsh cry 3(2) )) ;

1gCSA_sum_3(4) xor sigCSh_cry 3(3) ))

1gCSA_sum_3(5) xor sigCsh_cry 3(4) ))

910CSA_sum_3(6) xor 919CSA_cry_3(5) )

1gCSA_sum_3(7) xor sigCSh_cry 3(6) ))

1gCSA_sum_3(8) xor sigCSh_cry 3(7) ))

1gCSA_sum_3(9) xor sigCSh_cry 3(8) ))

= ( s1gCSA_sum 3(10) and sigCSA_cry_3(9) ) or ( sigCSA_sum 4(€) and ( sigCSA_sum 3(10) xor sigCSA cry 3(3)

= ( '0" and sigCSA cry_3(14) ) or ( sigCSA_sum 4(11) and ( '0' xor sigCSA cry 3(14) )) ;

n

( 51gCSA_sun 3(11) 2nd sigCSA_cry_3(10) ) or ( sigCSA_sum 4(7) 2nd ( sigCSA_sum 3(11) xor sigCsA_cry_3(10) ))
= ( 5igCSA_sum 3(12) and sigCSA_cry_3(11) ) or ( sigCSA_sum 4(8) and ( sigCSA_sum 3(12) xor sigCsA_cry_3(11) ))
( 51gCSA_sun 3(13) 2nd sigCSA_cry_3(12) ) or ( sigCSA_sum 4(9) 2nd ( sigCSA_sum 3(13) xor sigCsA_cry 3(12) ))

( 51gCSA_sun_3(14) 2nd sigCSA_cry_3(13) ) or ( sigCSA_sum 4(10) 2nd ( sigCSA_sum 3(14) xor sigCsA_cry 3(13) ))
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ating sigCSA sum 6 and sigCSA cry 6

519CSA_sum_6(0)
51gCSA_cry_6(0)
519CSA_sum_6(1)
s1gCSA_cry_6(1)

51GCSA_sum_5(0) xor '0' xor '0'
( s1gCSA_sum S(0) and 0" ) or (*
51gCSA_sum 5(1) xor sigCSA_cry_5(0) or
( 53gCSA_sum 5(1) end sigCSA_cry_5(0) ) or
53gCSA_sum_6(2) <= 5gCSA_sun 5(2) xor sigCSA_cry 5(1) xor
53gCSA_cry_6(2) <= ( 3igCSA_sum 5(2) end sigCSA_cry_S(1) ) or
53gCSA_sum_6(3) <= 5gCSA_sun 5(3) xor sigCSA_cry_5(2) zor
53gCSA_cry_6(3) <= ( 3igCSA_sum 5(3) and sigCSA_cry_5(2) ) or
53gCSA_sum_6(4) <= 5gCSA_sun 5(4) xor sigCSA_cry_5(3) xor
53gCSA_cry_6(4) <= ( 3igCSA_sum 5(4) and sigCSA_cry_5(3) ) or
51gCSA_sum_6(5)
51gCSA_cry_6(5)
519CSA_sum_6(€)
51gCSA_cry_6(6)
519CSA_sum_6(7)
s1gCSA_cry_6(7)
519CSA_sum_6(8)
51gCSA_cry_6(8)
519CSA_sum_6(9)
51gCSA_cry_6(9) <=
519CSA_sum_6(10)
51gCSA_cry_6(10)
51gCSA_sum_6(11)
s1gCSA_cry_6(11)
51gCSA_sum_6(12)
s1gCSA_cry_6(12)
51gCSA_sum_6(13)
s1gCSA_cry_6(13)
519CSA_sum_6(14)
51gCSA_cry_6(14)
519CSA_sum_6(15)
51gCSA_cry_6(15)
519CSA_sum_6(1€)
51gCSA_cry_6(16)
519CSA_sum_6(17)
s1gCSA_cry_6(17)
519CSA_sum_6(18)
s1gCSA_cry_6(18)
519CSA_sum_6(19)
5igCSA_cry_6(19) <=

( 51gCSA_sun () 2nd sigCsA_cry_S(4) )

( 51gCSA_sun_5(6) 2nd sigCsA_cry_S() )

( 51gCSA_sun 5(7) 2nd sigCsA_cry_5(6) )

( 51gCSA_sun_5(s) 2nd sigCsA_cry_S(7) )

( 51gCSA_sun 5(9) 2nd sigCs_cry_5(s) )

= 51gCSA_sum 5(11) xor sigCSA_cry_5(10) xor
= ( s19CSA_sun S(11) and sigCSA cry 5(10) )
51gCSA_sum 5(12) xor sigCSA_cry_5(11) xor
= ( s19CSA_sun 5(12) and sigCSA_cry 5(11) )
= 51gCSA_sum 5(13) xor sigCSA_cry_5(12) zor
( 539CSA_sum_5(13) end sigCSA_cry_5(12) )
51gCSA_sum_5(14) xor sigCSA_cry_5(13) xor
= ( s19CSA_sun 5(14) and sigCSA cry 5(13) )
51gCSA_sum_5(15) xor sigCSA_cry_5(14) xor
= ( s19CSA_sun 5(15) and sigCSA cry 5(14) )
51gCSA_sum_5(1€) xor sigCSA_cry_5(15) xor
= ( s19CSA_sun 5(16) and sigCSA cry 5(15) )
51gCSA_sum_5(17) xor sigCSA_cry_5(16) xor
= ( s19CSA_sun S(17) and sigCSA cry 5(16) )
= 51gCSA_sum 5(18) xor sigCSA_cry 5(17) zor
( 53gCSA_sum_5(18) end sigCSA_cry_5(17) )

s51qCsA_cry_4(6) ©

and ( sigCsA_sum 5(1) xor sigCsA_cry 5(0) ))

and ( sigCsA_sum 5(2) xor sigCsA_cry 5(1) ))

and ( sigCSA_sum 5(3) xor sigCsA_cry5(2) ))

and ( sigCsA_sum 5(0) xor 0" ))

and ( sigCsA_sum 5(4) xor sigCsA_cry5(3) )) :
1qCSA_sun 5 (5) xor sigCSh_cry 5(4) xor sigCSh_cry_4(0)
or ( sigCsh_cry 4(0) and
1qCSA_sun 5 (6) xor sigCSh_cry 5(5) xor sigCSh_cry (1) 7
or ( sigCsh_cry 4(1) and
51qCSA_sun_5(7) xor sigCSh_cry 5(6) xor sigCSh_cry 4(2) 5
or ( sigCsh_cry 4(2) and
1qCSA_sun 5 (8) xor sigCSh_cry 5(7) xor sigCSh_cry 4(3)
or ( sigCsh_cry 4(3) and
1qCSA_sun_5(5) xor sigCSh_cry 5(8) xor sigCSh_cry 4(4)
or ( sigCsh_cry 4(4) and
1qCSA_sun 5 (10) xor sigCSh_cry 5(5) xor sigCSh_cry 4(5) 5
( 51qCSA_sum 5(10) and sigCSh cry 5(5) ) or ( sigCSh cry 4(5) and ( sigCSA_sum 5(10) xor sigCsh cry 5(5) )) 7

( s1gCSA_sun 5(5) xor sigCsA_cry S(4) ))

( s1gCSA_sun 5 (6) xor sigCsA_cry_S(s) ))

( s1gCSA_sun 5(7) xor sigCsA_cry_S(6) ))

( s1gCSA_sun 5 () xor sigCsh_cry S(7) ))

( s1gCSA_sum () xor sigCSh_ory 5(2) )) ;

or ( sigCSA_cry_4(6) and ( sigCsA_sum 5(11) xor sigCsh_cry 5(10) ))

s5iqCsA_cry_4(1) ¢

or ( sigCSA_cry_4(7) and ( sigCsA_sum 5(12) xor sigCsA_cry 5(11) ))

s51CsA_cry_4(8) ¢

or ( sigCSA_cry_4(8) and ( sigCsA_sum 5(13) xor sigCsh_cry 5(12) ))

s51qCsA_cry_4(9) ¢

or ( sigCSA_cry_4(9) and ( sigCsA_sum 5(14) xor sigCsA_cry 5(13) ))

s51qCsA_cry_4(10) ¢

or ( sigCsA_cry_4(10) and

sigCsA_cry_a(11) :

or ( sigCsA_cry_4(11) and

sigCsA_cry_a(12) :

or ( sigCsA_cry_4(12) and

sigCsA_cry_a(13) ¢

or ( sigCsA_cry_4(13) and
"0" xor sigCSA_cry_S(18) xor sigCSA_cry_4(14) ;
{ "0" and sigCSA_cry 5(18) ) or ( sigCSA cry_4(14) and ( '0' xor sigCSA_cry 5(18) )) 7

( 51qCSA_sum 5(15) xor sigCSA_ory_5(14) ))

( s1gCSA_sun 5 (16) xor sigCsA_cry_S(15) ))

( s1gCSA_sum 5(17) xor sigCsA_cry_S(16) ))

( s1gCSA_sun 5 (18) xor sigCsh_cry_S(17) ))
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rating sigCSA sum_7 and sigCSA cry 7
53gCSA_sum_7(0) <= 5gCSA_sum_6(0) xor '0' xor '0'

51gCSA_cry_7(0) <= ( sigCSA_sum 6(0) and '0' ) oz ( '0' and ( sigCsh_sum €(0) xor '0 )) ;
S19CSA_sum_7(1) <= sigCSA_sum 6(1) xor sigCSA cry 6(0) xor
53gCSA_cry_7(1) <= ( 3igCSA_sum_6(1) and sigCSh_cry_6(0) )
53gCSA_sum_7(2) <= 5gCSA_sun_6(2) xor sigCSA_cry_6(1) xor
51gCSA_cry_7(2) <= ( 3igCSA_sum_6(2) and sigCS_cry_6(1) )
53gCSA_sum_7(3) <= 5gCSA_sum_6(3) xor sigCSA_cry_6(2) zor
51gCSA_cry_7(3) <= ( 3igCSA_sum_6(3) and sigCSh_cry_6(2) )
53gCSA_sum_7(4) <= 5gCSA_sun_6(4) xor sigCSA_cry_6(3) zor
53gCSA_cry_7(4) <= ( 3igCSA_sum_6(4) and sigCSh_cry_6(3) )
53gCSA_sum_7(5) <= 5gCSA_sun_6(5) xor sigCSA_cry_6(4) xor
53gCSA_cry_7(5) <= ( 3igCSA_sum_6(S) and sigCS_cry_6(4) )
53gCSA_sum_7(6) <= 5gCSA_sun_6(6) xor sigCSA_cry_6(5) xor
53gCSA_cry_7(6) <= ( 3igCSA_sum_6(¢) and sigCSh_cry_6(5) )
53gCSA_sum_7(7) <= 5gCSA_sun_6(7) xor sigCSA_cry_6(6) xor
51gCSA_cry_7(7) <= ( 3igCSA_sum_6(7) and sigCSh_cry_6(6) )
53gCSA_sum_7(8) <= 5gCSA_sum_6(8) xor sigCSA_cry_6(7) xor
53gCSA_cry_7(8) <= ( 3igCSA_sum_6(8) and sigCSh_cry_6(7) )
51gCSA_sum_7(9) <= sigCSA_sum 6(9) xor sigCSA_cry_6(2) oz pps(0) 7

51gCSA_cry_7(9) <= ( sigCSA_sum_6(3) and sigCSh cry_6(3) ) or ( ppS(0) and ( sigCSA sum 6(9) xor sigCSA cry 6(8) )) 7
53gCSA_sum_7(10) <= 5igCSA_sum_6(10) xor sigCSA_cry_6(3) xor pp8(l) ;

51gCSA_cry_7(10) <= ( sigCSA_sum 6(10) and sigCsh_cry €(5) ) or ( pp9(1) and ( sigCSA_sum 6(10) xor sigCsh cry 6(3) )) ;
519CSA_sum_7(11) <= sigCSA_sum_6(1L) xor sigCSA_cry_€(10) xor ppS(2) ¢

51gCSA_ory_7(11) <= ( sigCS_sum_6(11) and sigCSA_cry_6(10) ) or ( PpS(2) and ( 9igCSA_sum_6(11) xor sigCSh_cry_6(10) ))
519CSA_sun_7(12) <= sigCSh_sun_6(12) xor sigsA_cry_€(11) xor ppI(3) ¢

51gCSA_ory_7(12) <= ( sigCS_sum_6(12) and sigCSh_cry_6(11) ) or ( PpS(3) and ( 9igCSA_sum_6(12) xor sigCSh_cry_6(11) ))
S19CSA_sum_7(13) <= sigCSA_sun_6(13) xor sigCsA_cry_€(12) xor ppI(4) ¢

51gCSA_ory_7(13) <= ( 9igCSh_sum_6(13) and sigCSA_cry_6(12) ) or ( PpS(4) and ( 9igCSh_sum 6(13) xor sigCSh_cry_6(12) ))
519CSA_sun_7(14) <= sigCSA_sun_6(14) xor sigCsA_cry_€(13) xor pp9(S) ¢

51gCSA_ory_7(14) <= ( sigCS_sum_6(14) and sigCSh_cry_6(13) ) or ( PpS(5) and ( 9igCSA_sum 6(14) xor sigCSh_cry_6(13) ))
519CSA_sun_7(15) <= sigCSA_sum_6(15) xor sigSA_cry_€(14) xor ppo(s) ;

51gCSA_ory_7(15) <= ( 9igCS_sum_6(15) and sigCSh_cry_6(14) ) or ( Pp9(6) and ( 9igCSA_sum_6(15) xor sigCSh_cry_6(14) ))
519CSA_sun_7(16) <= sigCSA_sun_6(16) xor sigsA_cry_€(15) xor pp(7) ;

51gCSA_ory_7(1€) <= ( sigCSA_sum_6(16) and sigCSA_cry_€(15) ) or ( ppS(7) and ( 9igCSh_sum_6(16) xor sigCSh_cry_6(15) ))
519CSA_sum_7(17) <= sigCSA_sun_6(17) xor sigsA_cry_€(16) xor ppo(s) ;

51gCSA_ory_7(17) <= ( sigCS_sum_6(17) and sigCSh_cry_6(16) ) or ( PppS(2) and ( 9igCSA_sum_6(17) xor sigCsh_cry_6(16) ))
519CSA_sun_7(18) <= sigCSA_sun_6(18) xor sigtsA_cry_€(17) xor pp(9) ¢

51gCSA_ory_7(18) <= ( sigCSh_sum_6(12) and sigCSh_cry_€(17) ) or ( Pp9(9) and ( 9igCSh_sum_6(12) xor sigCsh_cry_6(17) ))
53gCSA_sum_7(19) <= 5igCSA_sum_6(19) xor sigCSh_cry_6(18) xor '0' ;
51gCSA_ory_7(19) <= ( sigCSA_sum_6(19) and s1gCSA_cry_6(18) ) or ( '0' and ( sigCSA_sum 6(19) xor sigCS ery_6(12) )) :
53gCSA_sum_7(20) <= '0' xor 5igCSA_cry_6(18) xor '0'

1qCSA_cry 7(20) <= ('0' and sigCSh_cry 6(15) ) or ('0' and ( '0' xor sigCSh_cry 6(19) ))

and ( sigCsA_sum 6(1) xor sigCsA_cry_6(0) ))

and ( sigCSA_sum_6(2) xor sigCsA_cry_6(1) ))

and ( sigCSA_sum_6(3) xor sigCsA_cry 6(2) ))

and ( sigCSA_sum 6(4) xor sigCsA_cry 6(3) ))

and ( sigCSA_sum_6(5) xor sigCsA_cry_6(4) ))

and ( sigCSA_sum_6(6) xor sigCsh_cry_6(s) ))

and ( sigCSA_sum_6(7) xor sigCsh_cry_6(6) ))

and ( sigCSA_sum_6(8) xor sigCsA_cry 6(7) )) :
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- the final output
result(0) <= sigCSA_sum 7(0);
result(l) <= sigCSA_sum 7(1) xor sigCSA_cry 7(0) xor '0' ;
carzry_rca(0) <= sigCSA_sum 7(1) and sigCSA_cry_7(0);
result(2) <= sigCSA_sum 7(2) xor sigCSA_cry_7(1) xor carry_rca(0);
carry_rea(l) <= ( sigCSA_sum 7(2) and sigCSA_cry_7(1)) or ( carry_rea(o) and
result(3) <= sigCSA_sum 7(3) xor sigCSA_cry_7(2) xor carry_rea(l);
carry_rca(2) <= ( sigCSA_sum 7(3) and sigCSA_cry_7(2)) or ( carry_rea(l) and
result(4) <= sigCSA_sum 7(4) xor sigCSA_cry_7(3) xor carry_rca(2);
carry_rea(3) <= ( sigCSA_sum 7(4) and sigCSA_cry_7(3)) or ( carry_rea(2) and
resule(s) <= sigCSA_sum 7(5) xor sigCSA_cry_7(4) xor carry_rca(3);
carry_rca(4) <= ( sigCSA_sum 7(5) and sigCSA_cry_7(4)) or ( carry_rea(3) and
result(e) <= sigCSA_sum 7(6) xor sigCSA_cry_7(S) xor carry_rca(d);
carry_rea(s) <= ( sigCSA_sum 7(€) and sigCSA_cry_7(s)) or ( carry_rea(d) and
result(7) <= sigCSA_sum 7(7) xor sigCSA_cry_7(6) xor carry_rca(S);
carry_rca(€) <= ( sigCSA_sum 7(7) and sigCSA_cry 7(€)) or ( carry_rea(s) and
result(s) <= sigCSA_sum 7(8) xor sigCSA_cry_7(7) xor carry_rca(é);
carry_rea(7) <= ( sigCSA_sum 7(s) and sigCSA_cry_7(7)) or ( carry_rea(é) and
result(s) <= sigCSA_sum 7(9) xor sigCSA_cry_7(s) xor carry_rca(7);

( s1gCSR_sum_7(2) xor

( s1gCSR_sum_7(3) xor

( s1gCSR_sum_7(3) xor

( s1gCSR_sum_7(5) xor

( s1gCSR_sum_7(6) xor

( s1gCSR_sum_7(7) xor

( s1gCSR_sum_7(8) xor

s51gCsA_ery_7(1))):

s51qCsA_ery_7(2))):

51CsA_cry_7(3))):

s51gCSA_cry_7(4)));

s51qCSA_cry_7(5))):

s51qCSA_cry_7(6))):

s51gCsA_ery_7(1)):

carry_rca(s) <= ( sigCSA_sum_7(9) and sigtSA_cry_7(3)) or ( carry_rca(T) and ( sigCSA_sum 7(5) xor sigCSA cry 7(8))):

zesult(10) <= sigCSA_sum 7(10) sor sigCSA_cry_7(3) or carry_rca(f);

carry_rca(s) <= ( s1gCSA_sum 7(10) and sigCSAcry 7(5)) or ( carry_rca(s) and ( sigCSA_sum 7(10) xor sigCSA cry 7(9))):

zesult(11) <= sigCSA_sum_7(11) xor sigCSA_cry_7(10) xor carry_rca(9):
carry_rca(10)
zesult(12) <= sigCSA_sum 7(12) xor sigCSA cry 7(11) xor carry rca(l0);
carry_rea(il)
zesult(13) <= sigCSA_sum 7(13) xor sigCSA cry 7(12) xor carry rca(ll);
carry_rca(12) <= ( sigCSA_sum 7(13) and sigCSA_cry_7(12)) or ( carry_rea(1l)
result(14) <= 5igCSA_sum 7(14) xor sigCSA_cry_7(13) xor carry_rca(l2):
carry_rca(13) <= ( s1gCSA_sum 7(14) and sigCSA_cry_7(13)) or ( carry_rea(12)
zesult(15) <= sigCSA_sum 7(15) xor sigCSA_cry_7(14) xor carry_rca(13):
carry_rca(l4) <= ( s1gCSA_sum 7(15) and sigCSA_cry_7(14)) or ( carry_rea(13)
result(16) <= 5igCSA_sum 7(1€) xor sigCSA_cry_7(15) xor carry_rca(l4):
carry_rca(15) <= ( s1gCSA_sum 7(16) and sigCSA_cry_7(15)) or ( carry_rea(l4)
zesult(17) <= sigCSA_sum 7(17) xor sigCSA_cry_7(1€) xor carry_rca(lS):
carry_rca(16) <= ( s1gCSA_sum 7(17) and sigCSA_cry_7(16)) or ( carry_rca(ls)
zesult(18) <= s5igCSA_sum 7(18) xor sigCSA_cry_7(17) xor carry_rca(l€):
carry_rca(17) <= ( s1gCSA_sum 7(18) and sigCSA_cry_7(17)) or ( carry_rca(l6)
result(19) <= sigCSA_sum 7(19) xor sigCSA_cry_7(18) xor carry_rca(lT):
carry_rca(18) <= ( sigCSA_sum 7(19) and sigCSA_cry_7(18)) or ( carry_rea(l)
result(20) <= sigCSA_sum 7(20) xor sigCSA_cry_7(19) xor carry_rca(18):
carry_rca(19) <= ( s1gCSA_sum 7(20) and sigCSA_cry_7(19)) or ( carry_rca(18)
result(20) <= sigCSA cry_7(19) xor carry rca(if);

end rrls

and

and

and

and

and

and

and

and

«

21gC5A_sum_7(13)

21gC5A_sum_7(14)

21gC5A_sum_7(15)

51qCSA_sum_7(16)

21gC5A_sum_7(17)

21gC5A_sum_7(18)

51qC5A_sum_7(19)

21gC5A_sum_7(20)

( 51qCSA_sum 7(11) end sigCSh_ory_7(10)) or ( carry_rca(s) and ( sigCSA_sum 7(11) xor sigCSA_cry_7(10)));

= ( s19CSA_sun 7(12) and sigCSA_cry 7(11)) or ( carry_rca(10) and ( sigCSA_sum 7(12) xor sigCSA cry 7(11))):

1qCSh_cry_7(12)))5

1qCSA_cry_7(13)))5

s1qCSA_cry_7(14)))5

s1qCSA_cry_7(15)))5

1qCSA_cry_7(16)))5

1qCSA_cry_T(171))) 5

s1qCSh_cry_7(18)))5

1qCSA_cry_7(19)))5
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Power estimation from Synthesized netist. Activity
derived from constraints files, simulation files or
vectorless analysis. Note: these early estimates can
change after implementation
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‘Summary

Power analysis ffom Implemented netist. Actvity
derived ffrom constraints files, simulation files or

vectorless analysis.

Total On-Chip Power:
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Junction Temperature:
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