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The aim of this report is to develop, compare and analyse the performance of 8x8 Braun’s and Wallace Tree multipliers using VHDL. Both 8x8 multipliers must be designed to allow for the multiplication of two unsigned numbers, where each bit of inputs A and B are multiplied to get a 16 bit result.
To achieve this, diagrams must first be made using appropriate software and research into multipliers. Using these diagrams and the collated research, the multipliers can then be developed using Vivado. Once they are coded and multiply correctly within the software, they can then be evaluated based on their performance by adding timings, looking at their power usage and their operational speed as a while. From this, they can be compared against each other. These comparisons will dictate which multiplier structure is optimal and should provide justification for why the answer is so.
[bookmark: _Toc195781294]Background Research of Multiplier Techniques
[bookmark: _Toc195781295]Multipliers & Assumed Advantages
Multipliers are used in a variety of ways. They aim to perform multiplication between two separate integers. Their structure and usage within FPGAs (Field Programmable Gate Arrays) and thus DSPs (digital signal processing) makes their performance vary. This is dependant on the type of multiplier used [1]. FPGAs use these DSP blocks to incorporate multipliers within them as they are efficient in speed and power usage, meaning that most FPGAs have a dedicated section for DSP block incorporation [2]. This difference in performance of different multiplier types used within FPGAs is impacted by the multipliers power consumption, speed and area [3].  
The process of multiplication within an FPGA is done using a ‘shift-add’ operation. This, in essence, is where the multipliers binary digits are taken one by one from right to left and multiplied by the multiplicand (also in binary) with each single digit of the multiplier. The product of this is then placed to the left of earlier results. This is also known as a logical right shift [4]. This is then repeated for each subsequent digit of the multiplier. The product will also be in binary form [5]. This method of multiplication can only be achieved using unsigned integers.
There are various types of multipliers which operate using different speeds and structures to one another.  Wallace Tree multipliers combine their partial products inputted via AND gates into carry and sum outputs produced from their full or half adders. The carry and sum are also collectively known as ‘partial products’. These adders make up stages of the tree where one row of adders is a single stage. The outputs are then combined again and are used as inputs into further adders which will produce more carry/sum outputs or a product (a carry or sum bit which doesn’t lead to further adders). Wallace Trees also have as many stages as is required to reduce the number of outputs to a single carry or sum [6].  
Another type of multiplier is a Brauns multiplier, which is an implementation of a parallel array multiplier.  This uses a ‘Carry-Save’ adder, which is just multiple full adders connected to allow for the binary input of AND gates as well carry/sum inputs produced by other full/half adders to produce further carries/sums/products [7]. Although these are also used in Wallace Tree multipliers, Braun multipliers utilise what is known as a ‘Ripple-Carry’ adder. Similarly to Carry-Save adders, Ripple-Carry adders are multiple full adders used in conjunction with each other but instead are chained together using the carry input and output ports of the full adders [8]. Where the Wallace Tree multiplier uses these Ripple-Carry adders only on the bottom stage of the tree, the Brauns multiplier uses these throughout its structure. This impacts the speed of the Brauns multipliers as the product of a multiplier its multiplicand are reliant on the efficiency of operation of each full adder used. As a Wallace multiplier only uses Ripple-Carry adders on the bottom stage of operation, less time is spent waiting on prior full adders to conduct their function making their speed faster than that of a Brauns multiplier.
Another type of multiplier is a Booth multiplier. It multiplies signed numbers by adding, subtracting or leaving two separate bits as they are (depending on the input bits). The product of this is then dealt with by having its most significant bit copied and its least significant bit lost. This is also known as an arithmetic right shift [4]. It knows whether to add, subtract or leave the bits alone using ‘two’s complement’ and an accumulator/register [9]. Two’s compliment is a method of which computers can detect and use negative (signed) integers within their operation, where the number is written in binary, then inverted. One is then added to the result of this [10]. The accumulator is used to track whether the previous product of the operation is a 1 or 0 and add, subtract or leave the multiplicand alone. It is important to note that the accumulator is always 0 at the beginning of a Booth multipliers operation [9]. Booths multipliers use adders and subtractors to conduct their operation  meaning their structure is larger than that of a Brauns or Wallace multiplier, making them slower. However, it is more efficient in multiplying signed numbers compared to other multipliers.
The final type of multiplier covered for research in this report is the Dadda multiplier. This is a modified version of the Wallace Tree multiplier. A Dadda multiplier requires less hardware and thus conducts operations quicker than that of the Wallace Tree multiplier. It does this by using specific placements of half and full adders within the maximum critical path (the longest path an operation within the multiplier will take). The structure of a Dadda multiplier is split up into three sections. The first section is where partial products are generated using adders. The second section is the partial product summation tree. The third section is the ‘final adder’ [11]. The first section is comprised of AND gates which produce the sum. These partial products are inputted into full and half adders (connected in parallel) which make up the second section (the partial product summation tree), where three input bits are inputted into a full adder and two input bits are inputted into a half adder [12]. This is where the Dadda tree becomes more optimised for multiplication in comparison to a Wallace Tree multiplier. Once there are two input bits left, these are inputted into the third section of the Dadda multiplier, the final adder. The sum is of this adder is the final product [11].
[bookmark: _Toc195781296]Applications of Multipliers
Applications of multipliers vary. As multipliers are used in DSPs and thus FPGAs, they can be used in computers ranging from desktops to phones, communication systems and renewable energy automation systems. They can also be used within vehicles, an example of this being FPGAs being used within cruise control systems of a car. As FPGAs allow for the acceleration of data processing [13], multipliers may also be used within networks and the cloud.
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The operational flowchart of an unsigned binary multiplier can be seen below:
[image: ]
Figure 1
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The first step in designing both the 8x8 Brauns and Wallace multipliers was to create a diagram of logic flow of each. This was made by conducting research into the separate multipliers and their architecture and implementing it. Once the diagrams were made, code was then written using Vivado, a software which allows for the creation of FPGAs using VHDL. Once the code was written for both separate multipliers, a behavioural simulation was ran within the software. Testing of the multipliers operation then occurred to ascertain whether they were coded and function correctly. This was done multiple times for each multiplier to get an accurate representation of their operation. If multiplications conducted did not provide the correct product, bug fixing would then occur.  Following this was the running of the simulated FPGA. Input pins were then selected. Afterwards, an implementation of the FPGA was ran. The timing constrains were then calculated respective to the Brauns and Wallace Tree multiplier and were added to their individual code. The timing constraint periods (or clock cycles) were calculated using the critical path of each multiplier. This calculated to 41ns for the Brauns multiplier (20 adders + 1 AND gate) and 29ns for the Wallace tree multiplier (14 adders + 1 AND gate).  Finally, a timing summary and power summary were generated from the implemented design of both multipliers. 
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Here is the Brauns multiplier design:
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Figure 2
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Here is the Wallace Tree multiplier design:
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Figure 3
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Here is the VHDL code for the Brauns multiplier:
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Figure 4
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Figure 5
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Figure 6
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Figure 7
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Figure 14
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Here is the VHDL code for the Wallace Tree multiplier:
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Figure 15
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Figure 17

[image: ]
Figure 18
[image: A screenshot of a computer

AI-generated content may be incorrect.]
Figure 19
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Figure 23
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Here is the timing constraints code for the Brauns multiplier:
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Figure 24
Here is the schematic from implementation for the Brauns multiplier:
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Figure 25
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Here is the timing constraints code for the Wallace Tree multiplier:
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Figure 26
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Figure 27






Here is the schematic from implementation for the Wallace Tree multiplier:
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Figure 28
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Here is the RTL analysis of the Brauns multiplier:
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Figure 29

Here is the pin allocation of the Brauns multiplier:
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Figure 30



Here is the device view from implementation for the Brauns multiplier:
[image: ]
Figure 31


Here is the I/O planning for the Brauns multiplier:
[image: ]
Figure 32
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Here is the RTL analysis of the Wallace Tree multiplier:
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Figure 33

Here is the pin allocation of the Wallace Tree multiplier:
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Figure 34



Here is the device view from implementation for the Wallace Tree multiplier:
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Figure 35


Here is the I/O planning for the Wallace Tree multiplier:
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Figure 36
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Here are the four example calculations inputted into the Brauns multiplier:
EF x FF:
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Figure 37
B4 x C9:
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Figure 38
F6 x A1:
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Figure 39
62 x A8:
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Figure 40
Here is the timing summary for the Brauns multiplier:
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Figure 41



Here is the combinational delay for the Brauns multiplier:
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Figure 42
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Figure 43
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Figure 44
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Figure 48












Here is the power summary for the Brauns multiplier:
[image: ]
Figure 49

Here is the report utilisation for the Brauns multiplier:
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Figure 50
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Figure 51
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Here are the four example calculations inputted into the Wallace Tree multiplier:
EF x FF:
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Figure 52
B4 x C9:
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Figure 53
F6 x A1:
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Figure 54
62 x A8:
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Figure 55







Here is the timing summary for the Wallace Tree multiplier:
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Figure 56


Here is the combinational delay for the Wallace Tree multiplier:
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Figure 57
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Figure 58
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Figure 59
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Figure 60
Here is the power summary for the Wallace Tree multiplier:
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Figure 61

Here is the report utilisation for the Wallace Tree multiplier:
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Figure 62
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Figure 63
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As shown above in Figures 37-41 and 52-55, both the Brauns and Wallace Tree multipliers were tested for correct operation. These were tested using the hexadecimal values: 
1. EF x FF = EE11
2. B4 x C9 = 8D54
3. F6 x A1 = 9AB6
4. 62 x A8 = 4050
Both multipliers can be seen providing the correct results for these multiplications, meaning they both function as intended.
The critical path time calculated above was lower for the Wallace Tree multiplier in comparison to the Brauns multiplier. Due to this, it would be expected that the Wallace Tree multiplier would conduct its operation quicker than the Brauns multiplier. By looking at the timing summaries for both multipliers above in Figures 41 and 56, it can be observed that the worst negative slack (WNS) for the Brauns multiplier was 13.508ns whereas the WNS for the Wallace Tree multiplier was 6.058ns. WNS is the time left of a clock cycle after the multiplier has conducted an operation along its critical path [14]. As the clock cycle for the Brauns multiplier was 41ns and 29ns for the Wallace Tree multiplier, it took them 27.492ns and 22.948ns to conduct an operation along its critical path successfully, respectively. This evidence shows that the Wallace Tree multiplier is faster than a Brauns multiplier since a Brauns multiplier has more hardware along its critical path compared to a Wallace Tree multiplier.
The combinational delays shown in Figures 42-48 and 57-60 also prove that the Wallace Tree multiplier is faster than a Brauns multiplier at conducting an operation along its critical path successfully. For each port A input (A0-A7) for P15, there is a greater maximum delay for the Brauns multiplier compared to the Wallace Tree multiplier. An example of this is that A3-P15 has a delay of 24.467ns for the Brauns multiplier whereas the Wallace Tree multiplier only has a delay of 19.580ns. This displays further proof that the Wallace Tree multiplier is faster than a Brauns multiplier. The same can be said for each port B input (B0-B7) for P15. Another example of this is that B6-P15 has a delay of 19.998ns for the Brauns multiplier whereas the Wallace Tree multiplier only has a delay of 16.409ns. This is most likely due to the Brauns multipliers overreliance of Ripple-Carry adders and the Wallace Trees utilisation of its pathing using Carry-Sum adders.
Also shown in Figures 49 and 61 are the power summaries for both multipliers. The Brauns multiplier has a total on-chip power usage of 0.081W. The Wallace Tree multiplier has a total on-chip power usage of 0.075W. Both multipliers had the same design power budget of 2W. With this information it can be deduced that the Wallace Tree multiplier is also more efficient in its power usage than the Brauns multiplier. This again occurs because the Wallace Tree multiplier is more efficient in its hardware usage compared to the Brauns multiplier but is also more structurally efficient. Again, due to there being a lower number of Ripple-Carry adders within the Wallace Tree multiplier compared to the Brauns multiplier, less full adders are being used to conduct a single operation, making the Wallace Tree multiplier more structurally and power efficient.
Finally, the report utilisations above in Figures 50-51 and 62-63 show the number of used and available LUTs (look-up tables) for both multipliers. Both multipliers have 20800 LUTs and 106 I/Os available to them. Although they both use the same amount of I/Os (can also be seen in the pinouts above), the Brauns multiplier uses 87 (or 0.42%) of its LUTs whereas the Wallace Tree multiplier uses 81 (or 0.39%) of its LUTs. This demonstrates that even if it's by a small amount, the Wallace Tree multiplier is more efficient in hardware usage compared to the Brauns multiplier. In addition to this, it also shows that spatially the Wallace Tree multiplier is more efficient when implemented in an FPGA.

[bookmark: _Toc195781315]Testing Details & Recommendations for Future Improvements
Recommendations for future improvements are as follows:
· Potentially scale multipliers up to 32 bit
· Analyse combinational delays in further detail by calculating a mean time difference between the two multipliers
· Conduct further research into the implementation of Brauns and Wallace Tree multipliers
· Conduct further research into different adders and multipliers
[bookmark: _Toc195781316]Conclusion
It can be concluded that the Wallace Tree multiplier is faster in operational speed, power and space efficiency when compared to that of the Brauns multiplier. This is due to the Wallace Tree multiplier's structure and use of adders, as well as its utilisation of partial products. It does not over rely on adders chained together like the Brauns multiplier and sends its partial product outputs throughout its tree. The evidence gained from testing has proven this throughout the report.
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21 ; Full_Adder Braunsz port map (ARIBO , BOAIBL , Clasl , S9532 , Couts>2):
£2.0 ¢ Ha1Z hdder Brauns2 port map (AMOBZ , 8352, Se> P(2) , Couts>Cy

P31 5 Tull Adder Brauns2 port map (A0 , BAIBL , CIRSSCZ , 5533, Coutexcd)
P32 + Ful) hader Sraunsd port map (ReRIB2 | Be>S3 , CiawC9 , S50 , Comemscid)
P30 ¢ Half_adder Brauns2 port mep (MBS, BoS10 , S=> B(3) , Cousercin;

Bel : Full Adder Braunsd porc map (MBS0 , BRI , CinesC3 , S54, CoutmsCl)
P42 : FullAdder Brauns2 port map (RAZSZ , B34 , ClasLO , S=>SIL , Couts>Cli)
P45+ Ful) Aader Sraunsd port map (RIS | B>SIl , Cinmiclr , SeSis , Comeescis):
P40 : Hall Mdder Brauns2 pors map (RAOBY | BeSIS , Se> B(4) , Couce><2s);

51 : Full Adder Braume2 port map (RSB0 , BeOMBL , CineCA , S-S5, Coute>cS)
52 : Full Adder Brauns? port map (3MIB2 | Bo>SS , ClasCll , S512 , Couts>Cla)
a1 ader Sraunsd port map (Rek283 | Be>si2 , Cinmicis, SIS, Couemscis):

P50 ¢ Half_nader Braunsz port mep (RROES , 5526 , 55> B(5) | Coucs><ad);

© Full Adder Brauns2 pore map (RAGB0 , BASBL , CinesCs , S35 , Coutesce)
Pe2 + Full Aader Braumsd port map (WASI | BSE , CLnmCLZ , S=bSI3 | Courmscld):
PE: : Full Adder Sraunsd port map (RIS | B>SI3 | CiamiClS , $520 , ComemsC20):
PEt : FullAdder Brauns2 port map (AAIB4 , B>S20 | ClaexC26 , $5327 , Couts>Ca):
Dot + mul) Aader Sraunsd port map (AISS | BeS2) | CineiC33 | Sl | Coueescai)
PE.0 : Hall Mdder Brauns pors map (AMOBG | BeS3 , Se> B(E) , CouresCtl);

P71 ¢ Full Mdder Braumed port map (BRSO , BeOMBL , CineCE , w57, Couse>CT):
P72+ Full Adder Brauns2 port map (RSRSBZ , B>S7 , CiasCL3 , S=>S13 , CourmsCld);
275+ Ful) Aader Sraunsd port map (MBS | BSIe | Cinmic20 , S521 , Cowesscal):
B74 + Full Adder Sraunsd port map (RAIB4 | B>S2L | CiamxC2T , S528 | Comoesc28);
P75 : FullAdder Brauns2 port map (ASAZS , B33 | ClamiCld , 55335 , Cours>C3s):
276 + Ful) Aader Sraunsd port map (eAISE | BesS3s | CineiCl | SSi2 | Coucesci2)
7.0 ¢ Hal? Mdder Brauns pors map (RMET | BoSi2 , Se> B(7) , Coueres);

251 & Half Mdder Brauns2 port map (RIS , BeXC , SeSE , Coute>Cd);
Full Adder_Brauns2 port nap (ARGB2 | B>SE , CiassCld , SoSIS , CoutsiCls)s
D55+ ful) Aader Sraumsd port mep (ASES | BSIS | Cineical , S5l , Coweescad):
Full Adder Srauas? port map (ReMBE | Be>SZ2 | CinexC28 , $e>525 | Coucesc2S);
25 ¢ FuIl Aader_Braunsd port mep (RORSS | D523 | Cineic3s | 5553 | CoutsiCae):
P26+ Full hader Sraunsd porc map (AISE | BeS35 | CinmiCA2 | SeSA3 | Comeescds):
250 ¢ Full Bdder Brauns? port mep (ReALET , BesS43 , CinesCHS , Se B(5) , CouresCS0)
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P91 : Full Adder Brauns2 port mep (A=>ATB2 , Be=>CS , Cine>ClS , 5=>S16 , Cout=3C16)
292 : Fall Adder_Brauns2 port map (ReVAEB3 , BeSIE , CinexC22 , Se>s23 , CousesC23):
293 : Full_Adder_Brauns2 port map (AASBA , Be>S23 , CloexC29 , Se>S30 , Couse>C30);
254 : Full_Adder_Brauns2 port map (AAMBS , B>S30 , Clne>C36 , Se>S37 , Cout=>C3n);
295 : Full_Adder Brauns2 port map (AAJBE , BS37 , Cins>Ce3 , So>S44 , Cours>Cad):
250 ¢ Tull_Adder_Brauns2 port map (5287 , Bo>Sid , CinexCS0 , S=> B(9) , Cour=>Csl):

L0 : Full Adder Brauns? porc map (M>RTB3 , BeClS , Cine>C23 , Se>S24 , Cousw>C2d)
102 : Full hader Brauns? porc map (MRS , B>S24 , Cinw>C30 , SeS31, Cousw>C3D):
103 : Full hader Brauns2 port map (R>RSBS , B>SIL , Cine>CI7 , S5S38 , Cour=>C38):
P104 : Full Adder Brauns? port map (A>MB6 , B=>S38 , Cin>C4d , SS45 , Cour=>Ces):
P10_0 : Full Adder_Brauns2 porc map (AAIBT , BSIS , Cins>Csl , S=> P(10) , Couts>C2);

LI+ Full Adder Brauns? porc map (MSRTBL , BexC2d , Cine>CIL , Se3S32 , Cousw>C32):
112 : Full Aader Brauns? porc map (Re>RESS , B>SI2 , Cinw>CIE | Se3S35 , Courw>C39):
113 : Full Aader Brauns2 port map (RSASBS , B>S39 , Cine>CiS , S=>S46 , Cour=>Ci6);
P10 : Full Adder_Brauns2 porc map (AABT , BSIS , Cine>Cs2 , S=> P(l1) , Couts>CS3);

2121+ Full Adder Brauns2 porc map (MRS , BexC32 , Cine>CI9 , SeSU0 , Cousm>Ci0):
122 : Full hdder Brauns? porc map (Re>REBS , Be>SI0 , Cine>CiE , Se>S47 , Cousm>CaT):
2120 : Fall Adder Brauns? port map (A=ASET , Be>SAT , CinwxC33 , Se> 2(12) , CoutsCS4);

PI3L : Full Adder Brauns? port map (A)ATB6 , B=>CH0 , Cins>C47 , S>S48 , CoursyCes);
P13.0 5 Full Adder_Brauns2 porc map (AAGBT , B>SUS , Cins>CSd , S=> PUI3) , Cout=>CS5):

14 & Full Adder Brauns2 port map (AATET , BXCHE , CineCSS , Se> P(14) , CoutedCS6):

15 ¢ ps) <56

end Behavioral
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- Company:
-- Engineer:

- Create Date: 14.04.2025 13:
- Design Name.

- Module Neme: Wallace 528 Main - Behavioral
- Project Name:

- Revision:

- Revision 0.01 - File Created
- Additional Comments:

Library IEEE;
use TEEE.STD_LOGIC_1164.ALL;

- Uncomment the following library declaration if using
- aritmmetic functions with Signed or Unsigned values
—-use IEEE.NUMERIC STD.ALL:
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Uncomment the following library declaration if instantiating
any Xilinx leaf cells in this code.

Library UNISIM;

use UNISIM.VComponents.all;

entity Wallace_sxs Main is
Bort (A : in STD_LDGIC VECTOR (7 downto 0);
5 :in STD_LOGIC VECTOR (7 downto 0);
® :out STD_LOGIC VECTOR (15 downto 0));
end Wallace_sxs Main;

architecture Behavioral of Wallace_8xg Main is

component Full_Adder_Wallace is
Port (A : in STD_LOGIC;
B :in STD_LOGIC;
Cin : in STD_LOGIC;
S :our STD_LOGIC;
Cout : out STD_LOGIC);
end component;

in smoote;
S ow s et
e $7_10610);

end component;




image18.png
signal S2,53,54,55, 56, 57, S8, 59, 510, 511, 512, 513, 514, 515, 516, 517, 518, 519, 520, 521, 522, 523, 524, 525, 526, 527, 528, 529, 530, 531, 532, 533, 534, 535, 53¢, 537, 538, 539, 540, 541, 542, 543, 544, 545, 54¢€, 547, 548 : std logic;
signal C1,C2,C3,C4,C5,C6,C7,C8,C9,CLo, C11,C12, C13, C14,C15, C16, C17, C18, C19, €20, C21, €22, €23, C24, €25, C26, €27, C28, €29, €30, C31, €32, C33, €34, C35, €36, C37, C38, €39, C40, C41, C42, €43, C44, €45, C4€, C47, C48, C49, €50, C51, €52, C53, C54, €55, C56.
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signal AlBO
signal acs1
signal 2280  sta ]
signal Aisi : std_logics
sigmal 20E  sta)
signal 2380 : std_logics
signat a2s1

signal 3122 sta )
signal ACBS : std_logics
signal aiso

signal a1
signa a8z
sigmal 31s ¢ sta)
signal ACB : std_logics
respey

signal ads1
signa a3z
signal a283
signa a1¢
signa acee
sigmal Ace  sta)
signal ASEL : sta_logics
signal ais2

signal A3
signa x2si
signal Aiss
signa acse
signat 1780
signal acsl
sgnat xsez ¢
signal adss
signal Ame
signa azse
signal Aise
signa1 acs7
signat w781
signal acs2
signan xses
signal aist
stgna asms
signat azse
signal x187
signa1 a7z
signal A€B3
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std_logic:
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2180 <= A
081 <= A

3280 <= A
H8L < A
082 <= B

230 <= B3
a1 < A2
12 <= A
2083 <= &)

282 <= A(2) end BL2);

<@
135 <= A
2086 <= &)

2730 <= A end BO):

ena B(1);
ena B(2)
ena B(3)
ana B(8)
ana B(5)
ana B(e):
and BN
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B0 B(O) <= A(D) and B(O):

hall : Half_Adder Wallace
e12 ¢ Fall Addes allace
Ze13 ¢ Full_Addes Wallace
fald ¢ Full_Adder Wallace
a6 o Fall hades fallace
Zel6 : Full_Addes Wallace

Za17 ¢ Full_Adder_Wellace
ALt Balf_Addes Wallace

ond sta

Hale_Aades_allace
Full_Addes_allace
Full_Adder_Wallace
Fall_Adder_Wallace
Full_Addes allace

2626 ¢ Full_Adder_Wellace

2227 ¢ Fall_Adder Wallace

o6 : Full_Addes Wallace

Thixa Stag
asl : Half Addes Wellace

2632 ¢ Full_Adder_Wellace
2233 ¢ Full_Adder Wallace
o34 : Fall Addes Wallace

2635 ¢ Full_Adder_Wallace
fa36 : Full Adder Wallace
2237 ¢ Fall Addes Wallace

2e38 ¢ FuLl_Addes&

ad) : Hale Addes §
fa2 : Full_Adder Wallace
245 ¢ Fall Addes allace
Zess ¢ Full_Addes Wallace
fass : Full_Adder_Wallace

a6 ¢ Fall Addes fallace
Ze47 ¢ Full_Addes Wallace
fadg : Full Adder Wallace

port
porc
pore
port
porc
pore
port
porc

porc
pore
port
pore
pore
port
pore
pore

pore
port
pore
pore
port
pore
pore
port

pore
pore
porc
pore
port
porc
pore
port

nap
nap

nap
nap
nap
nap

(A=>A180, B=>A0BL, 5252 (1) , Cout=>C1) ;
(=3280, BesRIBL, CinmoR082, 52552, Coutmsc)
(R=>A3B0, Be>R2BL, CinmsAIB2, 52553, Coutm>c3)
(A=>A4B0, B>A3BL, Cinm>A282, 52534, Cout=>C4
(= RSB0, B RABL, CinmoR382, 52555, Coutmsc)
(Re>AEB0, Be>RSBL, CinmsAdB2, 5=35€, Coutm>CE) |
(A=>A7B0, B>AEBL, Cinm>AS82, 5=>31, Cout=>CT)
(A=>ATB1, Bo>R6B2, 5=558, Cout=>C) :

(A=552,B03C1, SR (2), Cout=rCh) -
(Re>2083,Be>S3, Cinm>C2, 545510, Coutm>Clo)
(A=>A1B3, B=>54, C1n=>C3, 35511, Cout=>CL)
(A=>A2B3, B=>S5, Cin=>CH, $=>512, Cout=>C12)
(Re>2383,Be>SE, Cinm>CS, Se>513, Coutm>Cld)
(A=>A4B3, Bo>37, Cin=>Ce, 325314, Cout=>C14) ;.
(A=>ASB3, Bo>SE, Cin=>CT, S=>515, Cout=>C15)

(Re>AB3, Be>RTER, CinmsCh, Se3S16, CoutmdCLE)

(Re>510, 8455, Se>2 (3), CongmsC1T
(A=>30B¢,Bo>S11,Cln=>C10, 3=5318, Cout=>C1e)
(R=A1B E=>S12,CinmsClL, 525519, Cout=>Cle) £
(Re>A2B4,B>S13, Cin=>CL2, S=5520, Cout=>C20)
(A=>A3B, Bo>S14,Cln=>C13, 5=5321, Cout=>C21)
(A=>ABA, Bo>S1S, Cin=>CLe, $=5522, Cout=>C22)
(Re>35BE, Be>S1E, Cine>CLs, 545523, Coute>c2)
(A=>R6BE, Bo>RTES, Cinm>C1e, =552, Cout=>c24) ;

(a=>318,B=5C17, 5252 (4) , Cout=>25) ;.
(=>2085, B=>518, Cin=>C1, 3=5526, Cout=>C26)
(A=SA1BS, B->520, Cin=>CL9, S=5527, Coutm>C2T)
(Re>32B5, B>521, Cine>C20, 5=3526, Cout=>C2)
(A=>A385, B=>522, Cin=>C2l, 325529, Cout=>C29)
(e A4BS, Be>523, CinesC22, 525530, Contm>C30)

(Re>25BS, B>524, Cine>C23, 5=3S3L, Coute>Cal)
(A=>AGBS, B=>A7B4, Cin=>C24, 5=>532, Cout=>C32)
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---Fifth Stage
haSl : Half_Adder_Wallace
52 : Full_Adder_Wallace
253 : Full Adder Wallace
54 : Full Adder Wallace
255 : Full Adder Wallace
56 : Full_Adder_Wallace
57 : Full_Adder_Wallace
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h Stage
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Full_Adder Wallace
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B(15) <aCS6;

2nd Behavioral:

port
port
port.
port
port
port.
port
port.

port
port
port.
port
port.
port
port.
port

port
port.
port
port
port
port.
port.
port

map
map
map
nap
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map
map
map

map
map
map
map
map
map
map
map

map
map
map

map
map
map
nap

(R=5526,B=>C25, S=>B(5) , Cout=>C33) ;

(A=>A0BE, Be>527, Cinm>C26, S=>534, Coutm>C34) ;
(R=>R1BE, B=>528, Cin=>C27, =535, Cout=>C35) ;
(3=>228¢, B=>528, Cinm>C2z, 5=>53¢, Cout=>C36) :
(R=>R3B€, B=>530, Cin=>C28, 525537, Cout=>C37) :
(R=>R4BE, B=>S31, Cinm>C30, S=>532, Coutm>C3s) ;
(A=>RSBE, B=>S32, Cin=>C31, $=5538, Cout=>C39)
(A=>R7B5, B=>A6B6, Cin=>C32, $=>540, Cout=>C40) ;

(R=>534,B=>C33, 5=>B(6) , Cout=>C4l) ;
(A=>A0B7, B=>S35, C1n=>C34, $=>542, Cout=>C42) ;
(B=>R1B7, B=>536, Cinm>C35, 5=>543, Cout=>Ca3) :
(3=>R287, B=>537, Cin=>C3¢, S=>544, Cout=>Cad) :
(R=>R3B7,B=>538, Cin=>C37, 52545, Cout=>Cas) ;
(A=>A4BT, Be>S39, Cinm>C38, Sw>S4€, Coutm>Cae) ;
(R=>RSB7, B=>540, Cin=>C38, 5=>547, Cout=>C47) :
(B=>R7B¢, Bo>R687, Cinms04D, =542, Cout=>Cas) ;

(A=>542,B=>C41, S=>B(7) , Cout=>C49) ;
(A=>543,B=>C42, Cin=>C45, =5 (8) ,Cout=>C50) ;

(B=>544,B=>C43, Cin=>C50, 5=58(3) , Cout=>C51) ;

(R=>545,B=>C44, Cin=>CS1, 5=>P(10) ,Cout=>C52) ;
(R=546,B=>C4S, Cin=>C52, S=>B(11), Cout=>C53) ;
(R=547, B=>C46, Cinm>CS3, 5=> (12) , Cout=>C54) ;
(A=>548,B=>C47, Cin=>C54, S=>B(13) ,Cout=>C55) ;
(B=>RTB7, B=>C48, Cin=>CSS, S=>P (14) , Cout=>C56) ;
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create_clock -period 41.000 -name virtual clk -waveform {0.000 20} 500}

# Set delays based on analytical calculations
set_input_delay -clock virtual clk -max 1.000 [get_ports A*]
set_input_delay -clock virtual clk -max 1.000 [get_ports B+]
set_output_delay -clock virtual clk -max 2.000 [get_ports P+]

# Set max delay for the critical path (longest delay)
set_max_delay -from [get_ports A*] To [get_ports P+] 41.000

set_operating_conditions -design power_budget 2.0

set_operating conditions -design power_budget 2.0
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Project Summary x| Device  x Timing Constraints x| Wallace Constraints.xdc
CiUsers/s2104593/Deskop/Electronics 2 Assignment/Wallace 8XeMWallace TreeMWallace 88 Mult

% B B X / B Q

create_clock -period 29.000 -name virtual clk -waveform {0.000 14.500}

# Set delays based on analytical calculations
set_input_delay -clock virtual clk -max 1.000 [get ports A*]
set_input_delay -clock virtual clk -max 1.000 [get ports B*]
set_output_delay -clock virtual clk -max 2.000 [get_ports P4]

# Set max delay for the critical path (longest delay)
set_max_delay from [get_ports A*] to [get_ports PA] 29.000

set_operating_conditions -design power_budget 2.0

set_property I0STANDARD LVCMOS33 [get_ports (2[2]}]
set_property I0STANDARD LVCMOS33 [get_ports (P[1]}]
set_property I0STANDARD LVCMOS33 [get_ports {P[0]}]
set_property I0STANDARD LVCMOS33 [get_ports {P[3]}]
set_property I0STANDARD LVCMOS33 [get_ports (P[4]}]
set_property I0STANDARD LVCMOS33 [get_ports {P(51}]
set_property I0STANDARD LVCMOS33 [get_ports {P[6]}]
set_property I0STANDARD LVCMOS33 [get_ports (A[7]}]
set_property I0STANDARD LVCMOS33 [get_ports (A[6]}]
set_property I0STANDARD LVCMOS33 [get_ports (A[S1}]
set_property I0STANDARD LVCMOS33 [get_ports (A[4]}]
set_property I0STANDARD LVCMOS33 [get_ports (A[3]}]
set_property I0STANDARD LVCMOS33 [get_ports (A[2]}]
set_property I0STANDARD LVCMOS33 [get_ports (A[1]}]
set_property I0STANDARD LVCMOS33 [get_ports (A[0]}]
set_property I0STANDARD LVCMOS33 [get_ports {B[71}]
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set_property IOSTANDARD LVCMOS33 [get ports {B[6]}]
set_property I0STANDARD LVCMOS33 [get_ports {B[S1}]
set_property I0STANDARD LVCMOS33 [get_ports (B[4]}]
set_property T0STANDARD LVCMOS33 [get_ports {B[2]}]
set_property I0STANDARD LVCMOS33 [get_ports {B[31}]
set_property I0STANDARD LVCMOS33 [get_ports (B[1]}]
set_property I0STANDARD LVCMOS33 [get_ports {B[0]}]
set_property I0STANDARD LVCMOS33 [get_ports {2[15]}]
set_property T0STANDARD LVCMOS33 [get_ports {2[14]}]
set_property I0STANDARD LVCMOS33 [get_ports {2[13]}]
set_property I0STANDARD LVCMOS33 [get_ports {2[12]}]
set_property I0STANDARD LVCMOS33 [get_ports {P[11]}]
set_property T0STANDARD LVCMOS33 [get_ports {2[10]}]
set_property I0STANDARD LVCMOS33 [get_ports {P[51}]
set_property I0STANDARD LVCMOS33 [get_ports {P[8]}]
set_property I0STANDARD LVCMOS33 [get_ports (P[7]}]

create_clock -period 29.000 -name Wallace Clock -waveform [0.000 14.500}
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