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This report demonstrates and explains the operation of two 8X8 binary multiplication methods: the Braun’s multiplier and the Wallace Tree. Both multipliers were designed within the software Vivado 2022, in which both systems were compared in their multiplication speed. The tests followed the longest delay routes on both systems and resulted in the Wallace Tree performing at 8.902ns faster than the Braun’s multiplier.
The remainder of this report expands upon the operation and function of binary multipliers, going into depth on user cases of the Wallace Tree and Braun’s multiplier. This is further supported with descriptions of how each multiplier was constructed within Vivardo followed by figure breakdowns of each multiplier's Register Transfer Level (RTL), Device placement diagram, Implementation schematic and I/O Plane.  
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[bookmark: _Toc195450309]Introduction
Binary mathematics has played, and still to this day plays, a crucial role in digital electronics and computing. The capability to add, subtract, divide and multiply binary information is the backbone to many systems in which everything else is built upon. As technology has advanced, the basics of addition and subtraction have been expanded upon with the need for multiplication becoming more crucial to larger and faster systems, with binary multiplication first being introduced in 1947 to 1949 by Arthur Alec Robinson during his involvement in the construction of the early Mark 1 computer [1]. The multiplication used within this system was not quite the same as the multiplications seen today, but it followed a similar format in the form of shifting partial results.
Although the Mark 1 computer was one of the first to utilise multiplication in a binary format, it wasn't until the late 1970’s and early 1980’s that binary multiplication became more prominent alongside the introduction of the 16-bit generation [1]. Products such as the Motorola 6809 and the Intel MCS-51 series were amongst the first to utilise modern multiplication methods [1]. This was achieved due to the introduction of large-scale integration, allowing for more transistors to be added to chips, therefore allowing more adders to be utilised within the binary mathematical method that allowed for simultaneous problem solving within the devices [1].  
It is within this report that two binary multiplication methods in the form of the Wallace tree and Brown’s multiplayer will be explored. Both multiplication methods have been constructed within the simulation software Vivardo and have been compared to one another in their multiplication speed via their longest route of information transfer. The report will begin with a breath description of binary multiplayers, giving a general explanation of their operation before going into further detail of both the Wallace tree and Brown’s multiplayers construction, utilisation and function. The report will then finish on a comparison of both multipliers' performances and constructions before concluding on the findings based on the evidence within this report. 
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[bookmark: _Toc195448319]Figure 1,  The Harvard Mark 1 Computer [2]
[bookmark: _Toc195450310](1:0) What is a Binary Multiplier
Binary multipliers are utilised in various electronic, digital and logic circuits that can range from computers, phones, general processors and calculators. The purpose of the multiplier is to take two binary inputs (the multiplicand and the multiplier) and multiply both values together, producing an output that will be required by the system or displayed to the user. Both the multiplicand and multiplier can be of different sizes and are limited only by the system's requirements and setup [3]. The Multipliers seen within this report are both 8X8, allowing for two 8-bit binary inputs to be multiplied together to produce a maximum of a 16-bit output.
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[bookmark: _Toc195448320]Figure 2, A 4x4 Binary Multiplier [4]
[bookmark: _Toc195450311](1:1) How do They Work
Different multiplayers utilise slightly different methods to carry out their multiplication method, as will be shown later in this report through the Broun’s multiplayer and Wallace tree methods. With this being said, all multipliers follow a similar pattern in their format, with each one's process following a similar step-by-step method. To begin with, all multiplication methods use AND gates to gain the partial product of the equation. Once this is achieved, the partial product is passed into a half adder or full adder, depending on its position within the multiplication process.  From here, two (for a half adder) partial products or three (for a full adder) partial products, including a carry from a previous addition, are added together, which produces two outputs. One of these outputs is the sum of the addition, the other is that of the carry, which can be 0 or 1 depending on whether the addition value exceeds 1 [3]. This process is then repeated numerous times across multiple adders depending on the size of the multiplayer. 
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[bookmark: _Toc195448321]Figure 3, Logic Gate Example of a Half Adder [5]
[bookmark: _Toc195450312](2:0) Braun’s Multiplier
The Braun’s multiplier is a parallel array multiplier that utilises an array of AND gates and binary adders to implement its multiplication method [6]. It is commonly used within Digital Signal Processor (DSP) chips, image processing systems and many other systems that require fast multiplication capabilities [7]. It is also a well-known binary multiplication method for systems that require quick processing speeds.
Within this section of the report, an 8x8 Braun’s multiplier will be examined, from its construction and operation within Vivardo to its implementation on a development board. 
[bookmark: _Toc195450313](2:1) Construction and Operation
The design and construction of the 8x8 Braun’s multiplayer went throw two phases. The first of which can be seen in Figure 4, where the multiplayer was mapped out and labelled on paper. This had the intended purpose of making the second phase, which consisted of programming the multiplayer into Vivardo, a lot more efficient, and to act as a reference point when it came to fault-finding during the testing phase. 
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[bookmark: _Toc195448322]Figure 4, Braun's Multiplier Drawing
Since the multiplier is an 8x8 design, the system consists of 64 AND gates, 8 Half adders and 48 Full adders, with all the adders being connected via their addition answers or the carry from the equation. The multiplicand and the multiplayer binary values are represented by the labels A0 to A7 and B0 to B7 within the diagram. Each value (e.g. A4B1 and A7B5) are AND-gated together, producing the partial product of each multiplied value. These partial products are then entered into their respective Full or Half adders within the system. This excludes A0B0, which are AND-gated together to produce the output labelled P0. 
The adders receive two to three inputs, depending on whether they are a full or half adder within the system. These inputs are the AND-gate outputs of the multiplied values (labelled as A0 to 7 and B0 to 7, depending on their position), the sum of the adder from the row above (which are labelled as S1 to S42), and the carried value from the previous adder on the same row (labelled C1 to C55). What needs to be taken note of here is that the carry value from previous adders is handed to the next adder along on the same row; it is this transition of carry values that defines the Braun’s multiplier. 
Each column within the system then terminates at a label of P0 to P15, with the only inconsistencies being the first AND-gates output of P0 and the final adder, which outputs both P14 as its sum and P15 as its carry. The values represented by the label P are the output of the completed sum of the multiplication, due to the multiplier being capable of receiving two 8-bit inputs, its maximum output is that of a 16-bit value, hence the P values range from 0 to 15. This also implies that each column is solely responsible for its final value, but this is not the case. Each column is affected by all prayer columns due to the carry function within the adders, meaning that a value at P15 may have been affected by all 56 adders within the system. 
Shown in Figure 5 is the Register Transfer Level (RTL) of the Braun’s multiplayer. This is Vivard's representation of what can be seen in Figure 4, but has been optimised to the software.  
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[bookmark: _Toc195448323]Figure 5, The RTL Layout of the Braun's Multiplayer
Each of the addresses within the multiplayer required individual mapping with the correct inputs and outputs before any simulations and testing could take place. Due to this, the diagram shown in Figure 4 was used to ensure accurate mapping and later to verify the mapping routes in case minor errors occurred during a simulation run. Once the minor issues were resolved, two hexadecimal (Hex) values were used as the inputs to be multiplied. These values were BB for input A and 11 for input B. With these Hex values entered into the multiplier, the output produced was 0C6B. This can be seen in Figure 6 alongside the simulated binary triggers; the A, B and P values can be seen within the Value column in the centre of Figure 6.
Four tests following the above process with the input values of A and B being changed were carried out. This was to confirm that the multiplier was operating correctly and producing accurate outputs across multiple different inputs, which utilised as many of the adders as possible.  
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[bookmark: _Toc195448324]Figure 6, Braun's Multiplayer Simulated Wave
To reassure that the multiplications carried out within the Braun’s multiplier were accurate, an online Hex calculator was used. This can be seen in Figure 7 in relation to the result seen above in Figure 6. A discrepancy to take not between the two results is that in Figure 6 the value 0C6B is displayed while the hex calculator displays C6B, this discrepancy is not an error as the Multiplayer is required to display all 16-bit outputs where the calculator has been fine tuned to only show the relevant output hens the 0 is not being displayed in Figure 7. 
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[bookmark: _Toc195448325]Figure 7, An Online Hex Calculator to Check the Figure 5's Output is Accurate [8]


[bookmark: _Toc195450314](2:2) Implementation 
After the mapping design and programming of the Brauns was completed, the multiplier was implemented onto an FPGA. The following are images of gate locations, wiring diagrams and pin locations.
The device diagram shown in Figure 8 highlights the specific logic allocations that the Brauns has been assigned on the development board. 
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[bookmark: _Toc195448326]Figure 8, Brauns Device Allocation
Figure 9 shows the following level of implementation from Figure 8. This level provides exact wiring connections and logic gates/adder connections in correspondence with the application on the device. 
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[bookmark: _Toc195448327]Figure 9, Implementation Schematic
Figure 10 shows the pin allocations for the FPGA input and output ports.
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[bookmark: _Toc195448328]Figure 10, I/O Plaine
[bookmark: _Toc195450315](3:0) Wallace Tree Multiplier
The Wallace Tree Multiplier is an alternative binary multiplication system that utilises that of carry-save adders compared to that of the standard parallel adder method [9]. These systems are considered extremely fast in their multiplication capabilities due to the carry-save adders' ability to perform three additions simultaneously. This makes the multiplier commonly used within systems such as microprocessors and extremely high-speed systems. 
The following sections are structured similarly to that seen in 2:0 but are related to the Wallace Tree Multiplier. 
[bookmark: _Toc195450316](3:1) Construction and Operation
Designing and constructing the Wallace tree multiplier followed the same procedures as were mentioned for the Braun’s multiplier within section 2:0. With the proses starting with the drawing of the mapping diagram shown in Figure 11, leading to the path mapping programming within Vivardo to then end with testing that compared the output of the multiplayer to an online Hex calculator. 
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[bookmark: _Toc195448329]Figure 11, Wallace Tree Mapping Diagram
What can be seen in Figure 11 is that the Wallace tree multiplier is constructed from the same number of AND-gates, half adders and Full adders as that of the Brauns multiplier. Alongside this, all the inputs, sums, cares and outputs share the same labelling and quantity as that seen within Figure 4.  Due to this, the process of how the Wallace tree operates in the production of its partial products and the function of the adders are nearly identical to that of the Brauns. 
There is one major mapping consideration that distinguishes the Wallace tree as its own multiplication system. With this being the transfer of the carried values from and to the adders. Unlike most multiplayers, the carry values within the Wallace tree are passed down to the row below until the value has reached the bottom row of adders. From here, the more traditional parallel adder format is followed until P15 is assigned. Due to this assignment of carried values, the adders become carry-save adders, allowing for multiple additions to take place, subsequently resulting in extremely fast multiplications.
Figure 12 is Vivardo's representation of what can be seen in Figure 11. This representation is produced once the mapping code for each adder has been completed. Due to the similarities between the Brauns and Wallace's tree multipliers, the initial configuration is identical due to both being 8x8 multipliers. Where the difference arises, and has already been stated, is within the mapping of each output to input.
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[bookmark: _Toc195448330]Figure 12, Wallace Tree RTL Diagram
[image: A screenshot of a computer
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[bookmark: _Toc195448331]Figure 13, Wallace Tree Simulated Wave With Inputs Hex FF FF
Figures 13 and 14 show the testing phase and checking of the result when two Hex values are placed into inputs A and B for the Wallace tree. In this test, the hex values FF for input A and FF for input B were used, triggering all adders within the multiplier. This produced the output FE01, which can be seen as an accurate result from the calculator output in Figure 14 below.  
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[bookmark: _Toc195448332]Figure 14, Online Hex Calculator Proving the FF FF Input Results Correct [8]



[bookmark: _Toc195450317](2:2) Implementation 
Once the coding of the Wallace tree multiplayer was completed was completed and the testing proved correct operation. The implementation of the Wallace tree onto the FPGA board was achieved.
The device allocation diagram seen in Figure 15 follows an almost identical allocation format to that seen in Figure 8’s Brauns multiplayer. This is due to both systems having similar construction and gat utilisation requirements.  
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[bookmark: _Toc195448333]Figure 15, Wallace Tree Device Allocation
Figure 16 shows the Wallace trees implementation schematic. What is to be noted here is the complexity of the wiring structure when compared to the Brauns in Figure 9.
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[bookmark: _Toc195448334]Figure 16, Wallace Tree Implementation Schematic
Figure 17 is the I/O pine allocation for the FPGA.
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[bookmark: _Toc195448335]Figure 17, I/O Port Allocation
[bookmark: _Toc195450318](4:0) The Multiplier Comparisons 
As already stated in sections 2:0 and 3:0, both the Wallace tree and Braun’s multiplier are used for fast-paced multiplication primarily behind the scenes of most electronic and digital systems. With both doing identical tasks, it can be daunting to know which multiplayer to select for a given system. That is why, within the following section, the differences between the multipliers will be highlighted. 
The first difference that will be looked at is that of the speed at which both multipliers can produce an answer to a multiplication. This test was carried out within Vivardo and had been programmed to time the longest route that a multiplication would follow. The path started at A0B1 and terminates at P15 for both multipliers. The results of this are shown in Figures 18 and 19, highlighted in blue. What is to take away from these results is that the Braun’s multiplayer takes 22.306ns to complete a multiplication, whereas the Wallace tree takes 13.402ns to carry out the same task. This shows that the Wallace tree is faster at performing multiplications than the Brauns by approximately 8.904ns in this given context. 
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[bookmark: _Toc195448336]Figure 18, Brauns Multiplier Timing Summary
[image: A screenshot of a computer
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[bookmark: _Toc195448337]Figure 19, Wallace Tree Timing Summary
Another deviation that separates the multipliers is their size when transferred onto a FPGA. Figures 20 and 21 show the sizing of each multiplier, with the Braun taking up more space than the Wallace tree. Figures 20 and 21 also go hand in hand with Figures 8 and 15, which state their placement and gate allocations when implemented. 
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[bookmark: _Toc195448338]Figure 20, Brauns Multiplier Spacing Allocation
[image: A screenshot of a white box with black text
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[bookmark: _Toc195448339]Figure 21, Wallace Tree Spacing Allocation
As with every electronic system, both the Brauns and Wallace tree require power to operate; their consumption (For an 8x8 design) can be seen in Figures 22 and 23. Within this summary produced by Vivardo, it shows that the Wallace tree requires less power than that of the Brauns, but not by much. The difference in power consumption between the two multipliers is only 0.413W. What else can be seen within this summary is that there are predicted temperature differences that ever so slightly vary from one another but primarily show the Wallace tree as the lower value.  
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[bookmark: _Toc195448340]Figure 22, Brauns Multiplier Power Summary
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[bookmark: _Toc195448341]Figure 23, Wallace Tree Power Summary
The final major difference between the multipliers is that of their complexity. In this case, the Brauns is much simpler to implement and construct compared to the Wallace tree, which has a complex construction. This makes the Brauns a good starting point if constructing a multiplier for the first time. 
[bookmark: _Toc195450319]Conclusion
This report has described the construction and operation of two binary multipliers. Ending with a comparison of both systems, which has highlighted the differences in implementation and speed at which the multipliers are capable of carrying out their multiplications. 
As a conclusion to this report, the Wallace tree multiplier has shown to be the superior system to use due to its faster multiplication capabilities, smaller space requirements on implementation and slightly lower power consumption when compared to the Braun's multiplier. Although the Brauns do have a less complex wiring format than the Wallace tree, making it a suitable starting point when designing and constructing a binary multiplayer.  
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FPGA bored with the Brauns multiplier code in operation, calculating a Hex value of F0 x F0. LED represents the 16-bit binary output.
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Report summary for the Brouns Multiplier 
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Pin allocations for both the Brauns and Wallace tree multipliers when they were both implemented onto the FPGA board.
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2nd test of the Wallace tree with Hex values BB 11 as inputs. The following image is a Hex calculator confirming the result. 
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Report summary for the Wallace Tree
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Initialisation code for both the Brauns and Wallace tree multipliers.
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Path Mapping code for the Brauns Multiplier
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Mapping code for the Wallace Tree Multiplier
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Brauns Multiplier - Behavioral

Target Devices:
Tool Versions:
Description:

Dependencies:
Revision:

Revision 0.01 - File Created
Additional Comments:

Library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
use IEEE.std_logic_arith.All;
use IEEE.std_logic_unsigned.All;

Uncomment the following library declaration if using
arithmetic functions with Signed or Unsigned values
use IEEE.NUMERIC_STD.ALL;
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-~ Uncomment the folloving library declaration if instantiating
- any ¥ilinx leaf cells in this code.

--library UNISIM;

~-use UNISIM.VComponents.all;

enticy Brauns Multiplier is
Port (A : in std_logic_vector (7 downto 0);
B : in std_logic_vector (7 downto 0);
® : out std_logic_vector (15 downto 0));
end Brauns Multiplier;

hrchicecture Behavioural of Beauns Mulciplier is

signal A0BO : std_logic:
signal AOBL : std_logic;

signal A0B2 : std_logic;
signal A0B3 : std_logic;
signal R0B4 : std_logic:
signal R0BS : std_logic:

signal R0BE : std_logic;
signal R0B7 : std_logic:
signal AIBO : std_logic:
signal AIBL : std_logic;
signal AIB2 : std_logic;
signal AIB3 : std_logic;

signal AlB4 : std_logic:
signal AIBS : std_logic:
signal AlBs : std_logic:
signal AIB7 : std_logic:

signal 2280 : std_logic;
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151 ) signal 524 : std logic;

152 | signal C3¢ : std_logic;
153 | signal 530 : std_logic;
158 | signal C41 @ std_logic:
155 | signal 536 : std_logic;
156

157 | signal C7 ¢

155 | signal 7 : std_logic:
155 | signal sta_logics
160 | signal std_logic;
161} signal std_logic;
162 | signal std_logic;
163 | signal std_logic;
163 | signal std_logic;
165 | signal std_logic;
166 | signal std_logic;
167 | signal std_logic;
162 | signal std_logic;
165 | signal std_logics
170

171 0 signal C8 ¢

172 | signal CIS : std logic;
173 | signal std_logic;
173 | signal std_logic;
175 | signal std_logic;
176 | signal std_logic;
177 | signal std_logic;
178 | signal std_logic;
175 | signal std_logic;
180 | signal std_logici
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signal C40 -P13
signal 47
signal 542

signal Cs4

signal ci8 P14

signal Css

215

signal Cse

in STO_LOGIC;
Cin : in STD_LOGIC;
€ : our STD_LOGIC;
St our STD_LOGIC);
end component;

component Halfe Adder
Port (A : in STD_LOGIC;
B : in STD_LOGIC;

out STD_LOGIC;

out STD_LOGIC) ;

B
end component;

begin

2080 <= A(0) and B(0);
A0B1 <= A(0) and B(1);
A0B2 <= A(0) and B(2);
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301
302

ATB7 <= A(7) and B(T);

303 | 201 : B(0) <= A(0) and B(0);--20
308

305 | P11 : Halfe Adder port map (A => AOBL , B => AIB0 , S => P(1) , C => Cl);--51

306

307 | C2_1 : Full Adder port map (A => A0B2 , B => AIBl , Cin =>Cl , § => S , C => C2);-
305 | P21 : Halfe Adder port map (A => Sl , B => A280 , S = P(2) , C => C9);

308

5100 €31 ¢ Full Adder port map (A => A0B3 , B => AlBL , Cin=>C2, S => 52, C=> C3 );
311 | CI0_1 : Full Adder port map (A => 52, B => A28l , Cin =>C9 , 5 = 58 , C => Cl0 );
312 | P31 : Halfe Adder port map (A => S8, B => A380 , S = P(3) , C = C17 );

313

314 | C4_1 : Full Adder port map (A => AOB4 , B => AIB3 , Cin => C3 ,

315 | CII_1 : Full Adder port map (A => 53 , B => A2B2 , Cin =>Cl0 , §

316 | Cls_1 : Full Adder port map (A => S, B => A3l , Cin = Cl7, § = 515, C => C18 );
317 | P41 : Halfe Adder port map (A => S5, B => MBO , S = P(4) , C => C25 );

318

515 0 €51 ¢ Full Adder port map (A => AOBS , B => AlB4 , Cin = Ci , 5 => Si, C=>C5);
320 | CI2_1 : Full_Adder port map (A => S4 , B => A283 , Cin = Cl1 , § = 510, C = C12 );
321 Cls_1 : Full_Adder port map (A => S10 , B => A382 , Cin

322 | €261 : Full_Adder port map (A => 516 , B => MBL , Cin

523 | P51 : Halfe Adder port map (A => 522 , B => ASB0 , S

32

525 | Cel ¢ Full Adder port map (A => A6 , B => AIBS , Cin = C5, 5 => 55, C = C6 )7
326 | CI31 : Full Adder port map (A => S5, B => A284 , Cin =>C12, § = S11, C = C13 );
527 | C20_1 ¢ Full Adder port map (A => S11, B => A383 , Cin => Cl§ , 5 => 517, C => C20 )7
528 | €271 ¢ Full Adder port map (A => 517, B => MB2 , Cin => C26 , 5 => 523 , C => C27 )7
525 | €341 ¢ Full Adder port map (A => 523, B => ASBl , Cin => C33 , 5 => 528 , C => C34 );
330 | P61 : Halfe Adder port map (A => 52 , B => A6B0 , S => P(6) , C => C4l );
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©32_1 ¢ Full Adder port
€351 : Full Adder porc
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66 | €401 : FullAdder porc L BT, 39, 5 => 535,
367 | C471 : Full_Adder porc LB = ame ci6, 5 =>sa1,

et | Pl2 1 : FullAdder porc LB = s, 53, 2a2)

369

370 0 Ca8_1 : Full Adder porc €30, B> RBT , Cin => C47, 5 => 542, Co=> Caz );-213
5710 BL31 : Full_Adder porc 542, B => ATB6 , Cin => C54, 5 = B(13) , C => C55 );
372

375 0 Blal : Full Adder port cis, B> w87, Cin => 55, 2y,

a7

375 1 P15 : B(1S) <= CS6

37

377() end Behavioural;
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340 ; C2_1 : Halfe Adder port map . B=>A286, 5
3810 CI5.1 : Full Adder port map L B=>57, Cin

382 | C22.1 : Full_Adder port map LB =513, Cin s=s19, ¢ :

383 | C28_1 : Full Adder port map . B =519, Cin s=>s25, C :

383 C361 : Full_Adder port map ) B=>525, Cin=>C28, 5=> 531, C=>C3);

385 | C431 : Full Adder port map (A => A7BL , B => S31 , Cin L 5=837, ¢ B

386 | P81 : Full Adder port map (A => 37, B => C42, Cin => C45 , S => P(8) , C => C50 );

347

382 | Cl61 : Full Adder port map (A L B=>A36, Cin=>C8, s . c

385 | €231 : Fall Adder port map (A L B=>s14, Cin s . c

350 | C30_1 ¢ Full Adder port map (A . B=>520, Cin s . c

3510 C37_1 : Fall Adder port map (A . B=>52, Cin s . c

352 | C44 1 : Full Adder port map (A L B=>532, Cin=>C3%,5=>5%,C

353 | P9 1 : Full Adder port map (A => 538 , B => C43 , Cin => C50 , S => () , C => C51 );

354

555 | C26.1 ¢ Full Adder port map (A => A337 , B => AdB6 , Cin => Cl6 , 5 => 521 , C => C24 ); 210
556 C311 ¢ Full Adder port map (A => ASS5 , B => 521, Cin => C23 , 5 => 527, C => C31 )7

557 | €351 ¢ Full Adder port map (A => A6B4 , B => 527, Cin => C30 , 5 => 533 , C => C38 )7

358 | C45_1 : Full Adder port map (A => A7B3 , B => 533, Cin => C37, 5 => 539 , C => C45 );

359 P10_1 : Full_Adder port map (A => 535 , B => C44 , Cin => C51 , § = P(10) , C => C52 );

360

361! €321 : Full Adder port map (A => MB7 , B => ASB6 , Cin => C24 , § => 528 , C => C32 );--P11
562 | €391 ¢ Full Adder port map (A => A635 , B => 528 , Cin => C31 , 5 => 534 , C => C39 );

363 | C461 : Full Adder port map (A => A7B4 , B => 534, Cin => C38 , 5 => 540, C => C46 )7

364 | P11 : Full_Adder port map (A => S40 , B => C45 , Cin => C52 , § = P(11) , C => C53 );

365

566 | C40_1 ¢ Full Adder port map (A => ASB7 , B => A6B6 , Cin => C32, 5 => 535 , C => C40 ); L7
367 | C47_1 : Full_Adder port map (A => A7B5 , B => 535, Cin => (39 , 5 = S41 , C => C47 );

362 | P121 : Full_Adder port map (A => S41, B => C46 , Cin => C53 , S => P(12) , C => C54 )7

369

370 | C45_1 : Fall Adder port map (A A786, Cin => C40, 5 => 542, C => Ci8 );--215
3700 2131 : Fall Adder port map (A cs4, 5= B3, C=>C55);

372

373 | Plal : Fall Adder port map (A €55, 5 => B(14) , C=>Cs6 )

370
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