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[bookmark: __RefHeading___Toc1671_3736547599][bookmark: _heading=h.n5d6k198zlbf]Abstract
In this report the author demonstrates Wallace and Braun multiplier developed in Vivado. The author also demonstrates the similarities and difference of the Braun and Wallace multiplier. The authors results show that Wallace has a faster operation and as such is best used in high speed computation while Braun uses less LUTs and as such is better used in space dependent FPGA boards.
[bookmark: _heading=h.6m1v6ojk6hvi][bookmark: _heading=h.6m1v6ojk6hvi]
[bookmark: __RefHeading___Toc1669_3736547599][bookmark: _heading=h.gjdgxs]Introduction
This report will demonstrate how to design, implement and simulate two binary multipliers using Vivado, an integrated development environment produced by Xilinx now owned by AMD. these multipliers will be of 8×8 size and simulated on a basys3 development board

binary multipliers are regularly used in microcontrollers, computers and FPGA's anywhere where the user will need to perform multiplication calculations. From the earliest computers capable of multiplication such as the “mark-1 from the USA”[7] the mark1 was developed in 1943 when Wallace multipliers were not developed as such this machine likely used Bruan multipliers. Computers capable of multiplication needed a form of multiplier. There are two focused on in this report Braun and Wallace. Braun and Wallace multipliers take unsigned number inputs and produce a multiplied output. 

The Braun multiplier was first implemented in a “mechanical calculator made by Anton Braun” [8] these are the basis of modern electronic Braun binary multipliers. 

The Wallace multipliers were first devised by Chris Wallace in 1964 when he was asked to provide suggestions on high speed multiplication methods. His methods used operand reduction in parallel layers. [9]

Literature Review
This literature review examines two texts that inform on VHDL design “Fundamentals Of Digital Logic With VHDL Design 3rd Edition” [5] and “free range VHDL” [6].
“Fundamentals Of Digital Logic With VHDL Design 3rd Edition” [5]
This book provides a from the ground up approach to how to design logic circuits in VHDL.
This book goes through the design basics, the implementation technologies and numeric representation of arithmetic circuits.
The author of this book provides a good foundation for novices. This was useful for the author of this report. They provide numerous snippets of VHDL code as well as touching on multipliers. The multipliers section assisted the author of this report with checking their designs.
in comparison with a book like free range VHDL it provides a more circuit based look at VHDL design and focuses more on the circuits rather than the VHDL code that free VHDL looks at.

The author of the book has a from basics up approach with a start at basic logic and logic gates working its way up to sequential circuits. This approach benefits learners but will be less efficient to those with strong fundamentals such as experts in the field.

“free range VHDL” [6]
Free range VHDL is a book focused on the VHDL and how to best design VHDL code such as its syntax applications and best practices. This book helped the author best understand how to layout their VHDL code according to best practices and how to prepare for the design process.
Unlike fundamentals of digital logic with VHDL" changed to "This contrasts with Brown and Vranesic's (2008) 'Fundamentals of Digital Logic with VHDL Design,' which adopts a more circuit-centric approach.


[bookmark: __RefHeading___Toc1667_3736547599][bookmark: _heading=h.1fob9te]Design
In this section the author designs the block diagrams for the Wallace and Braun multiplier and the logic circuits.

[bookmark: __RefHeading___Toc1673_3736547599][bookmark: _heading=h.hvdf39cieof5]logic circuit design

half adder logic 
The half adder is a logic circuit comprised of an and an or logic gate that produces a sum and a carry from two inputs 
its circuit looks as below

Figure 1: half adder logic

the half adder has a truth table demonstrated below


	A
	B
	sum
	carry

	0
	0
	0
	0

	0
	1
	1
	0

	1
	0
	1
	0

	1
	1
	0
	1



you can simplify the truth table into two k maps shown below
sum 
	ba
	0
	1

	0
	0
	1

	1
	1
	0


(A or B)= sum
carry 
	ba
	0
	1

	0
	0
	0

	1
	0
	1


(A and B)=carry



full adder logic
the full adder logic circuit comprising the gates shown below. 

Figure 2: full adder logic


It produces two outputs: a carry and a sum from three inputs. 
the truth table is as below

	a
	b
	c
	sum
	carry

	0
	0
	0
	0
	0

	0
	0
	1
	1
	0

	0
	1
	0
	1
	0

	0
	1
	1
	0
	1

	1
	0
	0
	1
	0

	1
	0
	1
	0
	1

	1
	1
	0
	0
	1

	1
	1
	1
	1
	1



The full adder truth table can be simplified into the two maps below
	abc
	00
	01
	11
	10

	0
	0
	1
	0
	1

	1
	1
	0
	1
	0


sum = (A XOR B XOR c)

carry
	abc
	00
	01
	11
	10

	0
	0
	0
	1
	0

	1
	0
	1
	1
	1


carry = AB+AC+BC


After identifying the outputs and logic design of the half and full adder the author designed them in VHDL to reduce the time taken later these were to be defined as components of the system.

[bookmark: __RefHeading___Toc1687_3736547599][bookmark: _heading=h.vssqjta1rpls]Multiplier block diagrams

The author drew the multipliers out ahead of producing the VHDL code for the multiplier to allow them to better visualise the paths the circuit would take and how the VHDL would need to be written.

The 8×8 Braun multiplier is as shown below
[image: [1] ]Figure 3: Braun multiplier logic diagram [2]


In the authors 8×8 Braun multiplier they map out all the internal signals that the latter implementations will use to reduce development time.

The Wallace multiplier is drawn similarly; the only difference is that the drawing used as a base by the author combined the last set of adders into a single block called vector merging that was broken out into its respective adders by the author as shown below.
[image: ]Figure 4: Wallace logic diagram

[bookmark: _heading=h.qiz3vep382fi][bookmark: _heading=h.qiz3vep382fi]
[bookmark: __RefHeading___Toc1665_3736547599][bookmark: _heading=h.3znysh7]Implementation
Using the drawings made in the design the author produced an 8×8 Braun multiplier the variables are named P, C, S, AB these decided on based on the names on the drawing. The P is the internal output of the sums from each half and full adder with the first number after the P being the row or bank of the adder and the second being where it is in the bank.
C follows the same format as P only that C is for Carries. 
S is the final sum and only appears at the bottom of the multiplier.  
AB are the outputs of the Ands taken from the A, B input with the first number being what bank and the second being where in the bank it is located AB0 is bank 0.
These are defined as vectors giving them 0 to 7 and 15 in the case of the 8×8 this allows the AB to iterate through the A parts in the multiplier.

Mapping as vectors reduces the number of logic statements the author has to make and allows for easier coding. This allows the author to reference different logics outputs using c1(0) this means in the authors code carry bank1 array value 1.

The Wallace multiplier the author designed is defined in the same way as the Braun multiplier allowing for the use of the same inputs and outputs in the constraints file.
[bookmark: __RefHeading___Toc1685_3736547599][bookmark: _heading=h.hppw1bi44iue]RTL design
Braun

[image: ]Figure 5: Braun RTL

Wallace
[image: ]Figure 6: Wallace RTL


[bookmark: __RefHeading___Toc1683_3736547599][bookmark: _heading=h.ckn05it72x3n]constraints

for a half adder the delay is 1 nano second.
for a full adder the delay is 2 nanoseconds

For the constraints file the author defined the minimum input delay for both the A port and B ports; they also defined the max input delay for both. The author defines the max as 1 microsecond as this is the longest it should take for an input to be registered on the author's process. This is different from the max time to input which would cause errors if there was no input at all.

the author defined the virtual clock on the constraints to have a 20 microsecond period 

The author defined the output of S port to have a max of 2 micro second and a min of 0. 
The author then defined the minimum delay from port A to Port B For Braun to 0 and the max as 47 microseconds; this is the max length the process should take to get through the longest route. The author calculated the Wallace multiplier as 0 to 26 as it passes through 13 full adders.
Code in appendix 3 
Below is how the author calculated the maximum length for both Wallace and Braun.
Braun
[image: ]Figure 7: Braun multiplier longest path [2]

Wallace
[image: ]Figure 8: Wallace multiplier longest path

[bookmark: __RefHeading___Toc1681_3736547599][bookmark: _heading=h.whrwvfha5lrz]I/O planning 
The author defined pins A1 to B2 as the inputs and B3 to C4 as the outputs these were then set to have their standard for IO set as LVCMOS18 this is a standard that works at 1.8 V this decision was made to minimise power usage and to follow the advice of the program that the user should not leave the program to default. This advice is given to the author to allow the author to look at the next component in the circuit and check what it needs as an output. In the case of this program it will be powering a simulation or a led these are not power intensive parts.

LVCMOS comes in many versions the most common are 33 25 18 the difference is listed in the sysIO document[3]  from lattice Corporation they indicate that the main differences are slew rate max voltage and amperage with 33 maxing at 24mA and 18 maxing at 12mA[3].

Braun
[image: ]Figure 9: io planning Braun


Wallace
[image: ]Figure 10: io planning Wallace




[bookmark: __RefHeading___Toc1679_3736547599][bookmark: _heading=h.m8qniek8txqg]Implementation schematic
Braun
[image: ]Figure 11: implementation diagram Braun

Wallace
[image: ]Figure 12: implementation diagram Wallace

These schematics are generated by the Vivado design software to make it easier to trace how the logic of the circuit is flowing. This particular schematic is more difficult to read than the RTL design view as it is how the circuit is implemented on FPGA rather than in concept.


[bookmark: __RefHeading___Toc1677_3736547599][bookmark: _heading=h.3kvel7qz82v8]device 
Braun
[image: ]Figure 13: device implantation Braun

Wallace 
[image: ]Figure 14: device implementation Wallace

This shows how the circuit is allocated across the FPGA from pin to logic bit this is not something the user controls in Vivado as the software looks to avoid the user causing inefficiency inside the circuit.
Below is the setup of both Wallace and Braun in their constraints and design.
Braun 
LUT’S used
[image: ]Figure 15: Braun LUT usage

pin setup
[image: ]Figure 16: Braun pin out 1

[image: ]Figure 17: Braun pin out 2

timing
[image: ]Figure 18: timing Braun synthesised


[image: ]Figure 19: Braun utilisation timing and power implemented

[image: ]Figure 20: Braun timing implemented

[image: ]Figure 21: Braun power 1

[image: ]Figure 22: Braun power 2

Wallace
LUT’S used
[image: ]Figure 23: Wallace LUT usage

pin setup
[image: ]Figure 24: Wallace pinout 1

[image: ]Figure 25: Wallace pinout 2

timing
[image: ]Figure 26: Wallace timing synthesised

[image: ]Figure 27: Wallace power utilisation and timing implemented


power
[image: ]Figure 28: Wallace power


[bookmark: __RefHeading___Toc1675_3736547599][bookmark: _heading=h.36419o2iwfl]hardware implementation

Braun
[image: ]Figure 29: Braun basys test calculator [5]

[image: ]Figure 30: Braun on basys3 board test

read right to left on the led's 
an and b inputs are swapped between v2 w13

Wallace works the same this is the program working below
[image: ]Figure 31: Wallace basys3 test calculator [5]

[image: ]Figure 32: Wallace basys3 test





all code is in appendix 1
[bookmark: __RefHeading___Toc1663_3736547599][bookmark: _heading=h.2et92p0]Testing 
Braun
[image: ]Figure 33: Braun SIM test 1

34=52
52=82
14a8=4264
[image: ]Figure 34: Braun SIM test Calc 1[5]

[image: ]Figure 35: Braun SIM test 2 

85=133
39=57
1d9d=7581
[image: ]Figure 36: Braun SIM test Calc 2 [5]


[image: ]Figure 37: Braun SIM test 3

9e =158
1f =31
1322 =4898
[image: ]Figure 38: Braun SIM test Calc 3 [5]

[image: ]Figure 39: Braun SIM test 4

f6=246
fa=175
a82a= 43050
[image: ]Figure 40: Braun SIM Calc 4 [5]

Wallace 
all code in appendix 2

[image: ]Figure 41: Wallace SIM test 1 

the author set the program to clock and input of ab and 00 for A CD and 00 for B this outputs 88ef
when converting this to unsigned decimal the author got the same answer.
ab is 171
CD is 205
88ef is 35055
[image: ]Figure 42: Wallace Calc test 1 [5]


Figure 43: Wallace SIM test 2

The author set the program to clock and input of ff and 00 for A 11 and 00 for B this outputs 10ef
when converting this to unsigned decimal the author got the same answer.
ff is 255
11 is 17
10ef is 4335
[image: ]Figure 43: Wallace SIM Calc 2 [5]


[image: ]Figure 44: Wallace SIM test 3

fa = 250
fb= 251
f51e = 62750
[image: ]Figure 45: Wallace SIM Calc 3 [5]


[image: ]Figure 46: Wallace SIM test 4

44 = 68
86 = 134
2198 = 9112
[image: ]Figure 47: Wallace SIM Calc 4[5]


[bookmark: __RefHeading___Toc1661_3736547599][bookmark: _heading=h.g5560kjrjef8]Evaluation
The author in this section evaluates the Braun and Wallace multipliers from design to final results of their testing as well as a critical evaluation of their VHDL development in Vivado

[bookmark: __RefHeading___Toc1703_3736547599][bookmark: _heading=h.cwh1g7s7jhls]design and implementation
During the design phase the author started by designing the components of their VHDL this makes it easier to develop later and allows the author to have a greater understanding of the adders before creating the block diagram for the Wallace and barn. 

The block diagram for Wallace and Braun showcases how the author used their knowledge of the adders to map the outputs and inputs to assist with early development. 

This focus on the adder VHDL made the k maps the author made less relevant as they used the truth table and the VHDL code for their adders to develop their block diagram.

[bookmark: __RefHeading___Toc1701_3736547599][bookmark: _heading=h.429yo7fvtzt2]timing
The authors calculated the longest route in their block diagram. They then calculated the time of these longest routes using assumed times for a half and full adder. For Wallace the longest delay was 26ns and for Braun it was 47ns. This is then visible in the timing tests as Braun is shown in both synthesis and implemented designs to be slower by nearly double of Wallace. This matches the longest route being nearly double Wallace's. 


[bookmark: __RefHeading___Toc1699_3736547599][bookmark: _heading=h.40if58t3je0a]power consumption
the author gives a power budget of 15w for both Wallace and Braun they use most of their power in their io with 0.95 for Wallace used on logic and 1.408 for signals the board uses 11w at maximum this is similar to Braun with it also using around 11w and most of its power in its signals this data is shown in figs [] [] above.

[bookmark: __RefHeading___Toc1697_3736547599][bookmark: _heading=h.4q6pedlt1xxl]speed and power efficiency

Due to the speed Wallace processes at the and its lower power usage in the authors implementation it is by far the most power efficient and fastest. although the differences in power are very minimal so most of its efficiency comes from its speed.

[bookmark: __RefHeading___Toc1695_3736547599][bookmark: _heading=h.5830ofhot32b]LUTs 
The Wallace uses 5 more LUTs than the Braun in its slice LUTs and the same amount of bonded io as that's the input output  of the circuit this increase in LUTs would be consistent as y increase the size of the multiplier to 16x16 or 32x32 and in a space limited implementation would limit its usage. This is shown in figure[] and figure [] above for both Braun and Wallace and can be seen on the device image for both above figure[] figure[]

[bookmark: __RefHeading___Toc1693_3736547599]FPGA implementation
When implementing it on FPGA the author decided to use the switches provided and the led’s above them to input and show output respectively. This enabled them to input 8 binary numbers to A and B as well as get 16 led outputs on S port. This was simplistic and effective as a route.

[bookmark: __RefHeading___Toc1691_3736547599][bookmark: _heading=h.tobmnruzhuo1]tests
The test method of inputting a hex value to the simulation to test the device made it quick and simple to identify bugs. After these tests demonstrating it on FPGA showed that it was not just the software informing that it was functional and that it worked on physical hardware.

[bookmark: __RefHeading___Toc1689_3736547599][bookmark: _heading=h.3tj8hq5cngm]tools and techniques
The author used Vivado as an industry standard tool and developed their knowledge of VHDL development the authors use of Vivado. shows an understanding of FPGA development and VHDL syntax. 

When implementing Braun and Wallace in Vivado it is similar in approach the components are the same; the difference between the two comes in the inputs and outputs of the components. in Braun the components in each bank feed their carry’s to the final adder and then down and their sums move down to the next bank. whereas Wallace moves its carry’s down as well as its sums enabling it to shorten the route of the logical operations. 

[bookmark: __RefHeading___Toc1659_3736547599][bookmark: _heading=h.tyjcwt]Conclusion
This report demonstrates a comparative analysis of Braun and Wallace multipliers and critically evaluates their function in both VHDL synthesis via the Vivado software and implementation on the basys3 board.

The analysis of Wallace and Braun multipliers revealed that the Wallace had faster operation and as such performed more  power efficiently than the Braun multiplier while the Wallace was more space efficient due to its reduced usage of LUTs utilisation. These findings indicate that the Braun multiplier would be best used for space dependent projects while the Wallace would be best used for high speed processing. while Braun also allowed the processing system to be split at any point in the system to get a valid output up to that point for example removing the last 2  b inputs and taking from adders above would give a valid output for that set of inputs whereas Wallace does not.

In conclusion this report demonstrates the trade-offs between the speed of Wallace and area efficiency Braun multipliers that must be taken into account when developing multipliers.
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[bookmark: __RefHeading___Toc1655_3736547599]Appendix 1

code
Braun
[image: ]Figure 48: Braun  code 1

[image: ]Figure 49: Braun code 2

[image: ]Figure 50: Braun code 3

[image: ]Figure 51: Braun code 4

[image: ]Figure 52: Braun code 5

[image: ]Figure 53: Braun code 5

[image: ]Figure 54: Braun code 6

[image: ]Figure 55: Braun code 7

[image: ]Figure 56: Braun code 8

[bookmark: __RefHeading___Toc1653_3736547599]Appendix 2
Wallace
[image: ]Figure 57: Wallace code 1

[image: ]Figure 58: Wallace code 2

[image: ]Figure 59: Wallace code 3

[image: ]Figure 60: Wallace code 4

[image: ]Figure 61: Wallace code 5

[image: ]Figure 62: Wallace code 6

[image: ]Figure 63: Wallace code 7

[image: ]Figure 64: Wallace code 8

[image: ]Figure 65: Wallace code 9

[image: ]Figure 66: Wallace code 10


[bookmark: __RefHeading___Toc1651_3736547599]Appendix 3
the section below changes slightly between Braun and Wallace implementation and synthesis with brans max delay on line 10 changing to 47.00
[image: ]Figure 67: constants code 1

[image: ]Figure 68: constants code 2

[bookmark: _heading=h.qop4s9olko0t][bookmark: _heading=h.qop4s9olko0t]
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166
167
168
169
170

FAL 4: full_adder_vhdl _code port map( A => ABO(S),
2B1(4),
cin = c1(3),
cout => C1(4),
s => P1(4));

B =

FAL S: full_adder_vhdl _code port map( A => ABO(6),

171 B => 2B1(S),
172 cin => c1(4),
173 cout => c1(5),
174 s=> 21(5)

175
176
177
178
179
180
181
182

FAL 6: full_adder_vhdl _code port map( A => ABO(7),
2B1(6),
cin => c1(s),
cout => C1(6),
s = 21(6));

HAS: half_adder_vhdl_code port map( & => C1(6),

183 B = aBL(7),
184 cout => c1(7),
185 2L(T));
186

187 | --bankz

1880 HA2: half adder_vhdl_code port map(a => P1(1),

189 B=> 282(0),

150 cout=> c2(0),
191 s=> 22(0));

192

1930 FA2_1: full_adder vhdl_code port map( A => P1(2),
194 B = aB2(1),
195 cin = c2(0),
196 cout => c2(1),
197 22(1));
198

19560 FA2 2: full_adder_vhdl code port map( A => P1(3),
200 B => 282(2),
201 cin = c2(1),
202 cout => c2(2),
203 s = p2(2));
204

2050 FA2_3: full_adder_vhdl_code port map( A => P1(4),
206 B = aB2(3),
207 cin = c2(2),
208 cout => c2(3),
209 s =22(3));
210

2110 FA2_4: full_adder_vhdl_code port map( A => P1(S),
212 B => aB2(4),
213 cin = c2(3),
214 cout => c2(4),
215 s = p2(4));
2160 FA2_5: full_adder_vhdl_code port map( A => P1(6),
217 B = aB2(5),

218

cin => c2(4),
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FA3_1:

FA3_2:

O Fa3_3:

FA3_4:

FA3_S:

FA3_6:

X B B X / @

~bank3
HA3: half_adder_vhdl_code port map( & =>

£ull_adder_vhdl_code

£ull_adder_vhdl_code

£ull_adder_vhdl_code

£ull_adder_vhdl_code

£ull_adder_vhdl_code

£ull_adder_vhdl_code

port

port

port

port

port

port

B
cout

s =

Q

282(5),
c2(4),
= c2(5),
22(5));

FA2_6: full_adder_vhdl_code port map( A => P1(7),

2B2(6),
= c2(5),
c2(6),
p2(6));

FA2_7: full_adder_vhdl_code port map( A => C1(7),

B => 2B2(7),
cin => c2(6),
cout => c2(7),
s = 22(7));
P2(1),
283(0),
= c3(0),
23(0));

map( A => 2(2),

B =
cout

=

283(1),
c3(0),
= c3(1),
P3(1));

map( A => P2(3),

B =

cout

w
I

map ( 23

283(2),
e3(),
= c3(2),
£3(2));

p2(4),

B=> 2B3(3),
cin => c3(2),
cout=> C3(3),

s =

map( & =
B =

cout

map( & =
B =
cout

s =

map( & =
B =

cout

£3(3));

> 22(5),
283 (4),
c3(3),
= c3(4),
P3(4));

> p2(6),
283 (5),
c3(e),
= c3(5),
23(5));

> 22(7),
2B3(6),
c3(s),
= c3(6),
23(6));
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cout => C3(6),
s = 23(6));

FA3 7: full_adder_vhdl_code port map( A => C2(7),

—-banké

HA4: half_adder_vhdl_code port map( A

FA4 1:

FAL 2:

FA4_3:

FA4_4:

FA4_S:

FA4 6

FAL_7:

£ull_adder_vhdl_code

£ull_adder_vhdl_code

£ull_adder_vhdl_code

£ull_adder_vhdl_code

£ull_adder_vhdl_code

£ull_adder_vhdl_code

£ull_adder_vhdl_code

port

port

port

port

port

port

port

283(7),
c3(e),
c3(n),
23(7));

P3(1),
B => 2B4(0),
cout => C4(0),
s => 24(0));

map( A => P3(2),
2B4(1),
ca(0),
ca),
p4(1));

map( A => 23(3),

B => 2B4(2),
cin => ca(1),
cout => C4(2),

s => pa(2));

map( A => P3(4),
284(3),
ca(2),
ca(3),
P4(3));

map( A => P3(5),

B => 2B4(4),
cin => ca(3),
cout => c4(4),

s => pa(4));

map( A => P3(6),
2B4(5),
ca(4),
ca(5),
p4(5));

map( A => 23(7),

B => 2B4(6),
cin => c4(s),
cout => C4(6),

s => 24(6));

map( & => C3(7),
2B4(7),
ca(e),
ca(n,
B4(7)) 5
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FAS 1: full adder_vhdl_code

FAS 2: full adder_vhdl_code

FAS_3: full_adder_vhdl_code

FAS_4: full adder_vhdl_code

FAS_S: full adder_vhdl_code

FAS_6: full adder_vhdl_code

FAS_7: full_adder_vhdl_code

~banké

port

port

port

port

port

port

port

X B B X / @

Q

cout => c4(7),
s => pa(T));

B

cout

map( &

HAS: half_adder_vhdl_code port map( & => B4(1),

285(0),
= c5(0),
25(0));

= p4(2),

B => 2BS (1),

e5(0),
t => c5(1),

s = B5(1));

map( &
B

= p4(3),
> 2BS (2),
es (1),

cout => C5(2),

map( &

©5(2));

= pa(4),

B => 2B5(3),

es(2),
= 05(3),

s => 25(3));

map( &
B

= p4(s),
> 2BS (4),
e5(3),

cout => C5(4),

map( &

B5(4));

= pa(6),

B => 2BS(S),

c5(4),

cout => ¢5(5),

> 25(5)) ;

map( A => 24(7),

B

> 2BS (6),
es5(5),

cout => C5(6),

B5(6));

map( A => C4(7),

B =

> 2BS (7),
cs(6),

cout => C5(7),

HAG: half_adder_vhdl_code port map( & =>

B =
cout
s =

> B5(7));

PS(1),
2B6(0),
= c6(0),
26(0));

FAG_1: full adder_vhdl_code port map( A => P5(2),
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279 1

2800 FAE 1: full adder_vhdl_code

381 1

282 |

283 | cout => 6(1),
3840 s => P6(1));
285

2860 FAE 2: full_adder_vhdl_code port map( A => P5(3),
387 1 B => aBE(2),
288 | i ce(n),
289 | cout => C6(2),
3900 s => P6(2));
391

292 FAE_3: full adder_vhdl_code port

393 1

394

395 | cout => C6(3),
3960 s => P6(3));
397 1

3980 FAE_4: full_adder_vhdl_code port map( A => P5(S),
399 1 B => BBE(4),
200 ! i c6(3),
201 | cout => C6(4),
4020 s => P6(4));
203 !

204©) FAE_S: full adder_vhdl_code port

405 |

206 |

207 | cout => c6(5),
4080 s => P6(5));
209 !

4100 FAE_6: full adder_vhdl_code port map( A => P5(7),
411 1 B => ABE(6),
212 cin => c6(3),
a13 ] cout => C6(6),
4140 s => P6(6));
215

4160 FAE_7: full adder_vhdl_code port map( A => C5(7),
417 1 B => aB6(7),
218 cin => c6(),
419 | cout => c6(7),
4200 s => P6(7));
221 | —-Bank7

2220 HA7: half_adder_vhdl_code port map( A =>P6(1),

423 1 B => aB7(0),
224 cout = c©7(0),
250 s = 27(0));
426 |

2270 FA7_1: full_adder_vhdl_code port map( A => P6(2),
228 | B = 287(1),
429 1 cin => c7(0),
230 cout => €7(1),
310 s = P71

432 1

4330 FA7_2: full_adder_vhdl_code port map( A => P6(3),
234 B = 287(2),
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-~ Mmulitplier output
5(0)<= 2B0(0) ;
s(1)<= P1(0);
s(2)<= p2(0);
s(3)<= p3(0);
s(4)<= p4(0);
s(5)<= B5(0);
s(6)<= P6(0);
s(7)<= 27(0);
s(8)<= PT(1);

s(9)<= P7(2);
5(10)<= 27(3);
s(11)<= 27(4);
s(12)<= 27(5)7
5(13)<= 27(6);
s(14)<= P7(7)

s(15)<= c7(7)
488 O end Gate_Level;

FA7_3: full_adder_vhdl_code

FA7_4: full_adder_vhdl_code

FA7_S: full_adder_vhdl_code

FA7_6: full_adder_vhdl_code

FA7_7: full_adder_vhdl_code

X B B X / @ ©Q

FA7_2: full_adder_vhdl_code port map( A => P6(3),

B => 2B7(2),
e,
e7(2),

27(2));

cout =

port

> c7(3),
27(3));

port map( A => P6(5),
B => 2B7(4),
e7(3),
c7(4),
27(4));

cout =

port

> c7(5),
27(5));

port map( A => P6(7),
B => 2B7(6),
> C7(5),
cout => C7(6),
27(6));

port

> c7(7),
B7(7)) 5
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=
2| -- Company:

3! - Engineer:

P

5| -- Creats Date: 20.02.2025 16:12:49

61 -

7= Wallace multipliersbit - Behavioral
8 | -- Project Name:

S| - Target Devices:

10 | -- Tool Versions:

11| - Description:

12 -

13 | - Dependencies:

1e ) -

15 | - Revision:

16 | - Revision 0.01 - File Created

17 | - Additional Comments:

18 1 —

198

20

21

22 | library IEEE;

23 | use IEEE.STD_LOGIC_1164.ALL;

24 |

25Q) -- Uncomment the following library declaration if using
26 | - arithmetic funotions vith Signed or Unsigned values
27| -—use IEEE.NUMERIC 57D.AIL;

28

29 | - Uncomment the following library declaration if instantiating
30 | = any Xilinx leaf oells in this code.

31| --library vNISIM;

320 --use UNISIM.VComponents.all;

33

3¢ entity Wallace multipliersbit is

EEN Port (A : in STD_LOGIC_VECTOR(7 downto O

36 1 B : in STD_LOGIC_VECTOR(7 downto 0)

L S : out STD_LOGIC_VECTOR(1S downto 0));
280 end Wallace multipliersbit;

391

20 architecturs Gate_Level of Wallace multipliersbit is
410 - componuts

42() - Full adder 1bit Component Decalaration

43 component full adder_vhdl_code

2¢ | port (a,B: in STD_LOGIC

45 | Cin: in STD_LOGIC;

6 Cout: out STD_LOGIC;

a7 s: out STD_L0GIC);

28 ¢ end component

o

| - malf adder 1bic Component Decalaration
510 component Half_adder_vhdl_code

! port ( A,B: in STD_LOGIC

: Cout: out STD_LOGIC;

| S: out STD_LOGIC) ;

& end component.

<
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Signal AB0,AB1,AB2,AB3,AB4,ABS,AB6,AB7 :STD_LOGIC_VECTOR(7 downto 0
signal C0,C1,C2,03,C4,C5,C6:STD_LOGIC_VECTOR(7 downto 0) ;
Signal 20,21,22,23,24,P5,26:STD_LOGIC_VECTOR(7 downto 0) ;
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109 | ABS(2) <= A(2) and B(5);

110 | ABS(3) <= A(3) and B(S);

111 | ABS(4) 2A(4) and B(S);

112 | 2BS(5) <= A(5) and B(S);

113 | ABS(6) <= A(6) and B(S);

114 | AB5(T) A(7) and B(S);

115 | --bank7

116 | 2B6(0) <= A(0) and B();

117 | ABE(1) A(1) and B(6);

118 | 2B6(2) <= A(2) and B(§);

115 | AB6(3) <= A(3) and B(6);

120 | ABE(4) A(4) and B(6);

121 | AB6(5) <= A(5) and B(6);

122 | AB6(6) <= A(6) and B(6);

123 | ABE(7) <= A(7) and B(€);

12¢ | --banks

125 | ABT(0) <= A(0) and B(T);

126 | ABT(1) A(1) and B(7);

127 | AB7(2) <= A(2) and B(T);

128 | ABT(3) <= A(3) and B(T);

125 | AB7(4) A(4) and B(7);

130 | AB7(5) <= A(5) and B(T);

131 | ABT(6) <= A(6) and B(T);

122 | ABT(T) A(7) and B(7);

133 |

134 |

135 | --bankl

1360 HAL 1: half_adder_vhdl_code port map( A => ABO(1),
137 | 281(0),
FEL => co(0),
1396 p0(0));
140 |

1410 FAl_1: £ull_adder_vhdl_code port map( A => ABO(2),
142 1 B = 2B1(1),
143 | cin => 2B2(0),
144 | cout => cO(1),
1456 s = 20(1));
146 |

1470 FAl_2: £ull_adder_vhdl_code port map( A => AB1(2),
148 1 B = aB2(1),
145 | cin => 2B3(0),
150 | cout => €0(2),
1516 s = 20(2));
152 |

1530 FAl_3: full_adder_vhdl_code port map( A => AB2(2),
154 1 B => 2B3(1),
1s5 | cin => 2B4(0),
156 | cout => €0 (3),
1576 s = 20(3);

158
1590 FAl 4: full_adder_vhdl_code port map( & => AB3(2),

160 | B => aBe(1),
161 ! cin => aB5(0),
162 | cout => CO(4),
1636 20(4));
164 |
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FAL 3: full_adder vhdl code
FAL 4: £ull_adder vhdl code
FAL S: £ull_adder vhdl code
FAL_€: full_adder vhdl code
HAL 8: half_adder_vhdl code
~-pankz

HA2: half_adder_vhdl_code port map( A

FA2_1:

FA2_2:

FA2_3:

port

port

port

port

port

B => 2B2(1),
cin => 2B3(0),
co(2),
s => 20(2));

cout

map( A => AB2(2),
B => 2B3(1),
cin => 2B4(0),

co(3),

20(3));

cout

map( A => AB3(2),
B => 2B (1),
cin => 2B5(0),
co(4e),
s => 20(4));

cout

map( A => AB4(2),
B => 2BS (1),
cin => 2BE(0),

co(s),

20(5));

cout

map( A => AB5(2),
B => 2B6(1),
cin => 2B7(0),
co(e),
s => 20(6));

cout

map( A => AB6(2),
287(1),
cout => CO(7),
20(7)) 5
c0(0),
B => 20(1),
cout => C1(0),
p1(0));

B =

p0(2),
cin => 2B0(3),
cout => C1(1),
P1(1));

f£ull_adder_vhdl_code port map( A => CO(2),

f£ull_adder_vhdl_code port map( A

B => 20(3),
cin => 2B1(3),
cout => C1(2),
P1(2));
> c0(3),
B => 20(4),

cin => 2B2(3),
cout => C1(3),
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Fa2_3: full_adder vhdl code
FA2_4: £ull_adder vhdl code
Fa2_5: full_adder vhdl code
Fa2_€: full_adder vhdl code
Fa2_7: £ull_adder_vhdl_code
~-pank3

port

port

port

port

port

map( A => c0(3),
B = 20(4),
cin => 2B2(3),
cout => C1(3),
s = 21(3);
map( A => cO(4),
20(5),
cin => 2B3(3),
cout => c1(4),
s = P1(9);
map( A => coO(S),
20(6),
cin => 2B4(3),
cout => c1(5),
s = P1(5);
map( A => CO(6),
B = p0(7),
cin => 2B5(3),
cout => C1(6),
s = 21(6);
map( A => cO(7),

2B6(3),

cin => 2B7(2),
cout => C1(7),

HA3: half_adder_vhdl_code port map( A

FA3_1:

FA3_2:

FA3_3:

FA3_4:

£ull_adder_vhdl_code

£ull_adder_vhdl_code

£ull_adder_vhdl_code

£ull_adder_vhdl_code

port

port

port

port

= PL(7));

= c1(0),
P1(1),

cout => c2(0),

map (
B

B2(0));

a = ci1),
= p1(2),

cin => 2BO(4),
cout => c2(1),

map (
B

= p2(1));

a = c1(2),
P1(3),

cin => 2B1(4),
cout => C2(2),

map (
B

£2(2));

a = c1(3),
= p1(4),

cin => 2B2(4),
cout => c2(3),

map (
B

= p2(3));

a = c1(4),
= p1(5),
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253
254
255
256
257 ¢
258
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260
261
262
263 ¢
264
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266

FA3 4: full adder_vhdl_code port map( A => C1(4),
B => 21(5),
cin => 2B3(4),
cout => c2(4),

P2(4));

) FA3_S: full_adder_vhdl _code port map( A => C1(5),
B => 21(6),
cin => aB4(4),
cout => C2(5),

) s => 22(5));

) FA3_6: full_adder_vhdl _code port map( A => C1(6),
B => pl(7),

267 cin => AB5(4),
268 cout => C2(6),
2690 22(6));
270

2710 FA3_7: full adder vhdl code port map( A => CL(7),
272 B => ABE(4),
273 cin => AB7(3),
274 cout => C2(7),
2750 s => P2(7));
276 | --banks

277 HA4: half adder_vhdl code port map( & => C2(0),
278 B => P2(1),
279 cout => €3(0),
280 s => p3(0));
201

2820 FA4_1: full_adder_vhdl_code port map( A => C2(1),
283 B = 22(2),
284 cin => ABO(5),
285 cout => €3(1),
286 s = p3(1));
287

2880 FA4 2: full adder vhdl code port map( A => C2(2),
289 B = 22(3),
290 cin => AB1(5),
291 cout => C3(2),
292 s => 23(2));
293 |

294 ) FA4_3: full_adder_vhdl_code port map( A => C2(3),
295 B = p2(4),
296 cin => AB2(5),
297 cout => 3(3),

298
299
300
301
302
303
304
305 |
306 FA4_S: full_adder_vhdl_code port map( A => C2(5),
307 p2(6),

308 cin => 2B4(5),

s = 23(3));

FA4_4: full adder_vhdl_code port map( A => C2(4),
P2(5),
cin => 2B3(5),
cout => c3(4),
s => 23(4));
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307 B => P2(6),
308 cin => 2B4(5),
309 cout => c3(5),
3108 P3(5));

311

312© FA4_6€: full_adder_vhdl_code port map( A => C2(6),

328
325 €
330
331
332
333 ¢
334
335C
336
337
338
339
340
341C
342
343
344
345
346
347C
348
349
350
351
352
353C
354
355
356
357
358
359 €
360
361
362

) FAS_1: full_adder_vhdl_code port

p3(2),
cin => 2BO(6),
cout => c4(1),
p4(1));

313 B =>p2(7),
314 cin => AB6(5),
315 cout => C3(6),
3166 s => 23(6));
317 |

2180 Fa¢_7: full_adder_vhdl_code port map( A => C2(7),
219 B => aB6(S),
320 | cin => aB7(4),
321 1 cout. c3(7),
3228 23(7));
323 | --bank5

3260 HAS: half_adder_vhdl_code port map( A => c3(0),
225 B = 23(1),
326 | cout => C4(0),
3270 p4(0));

FAS_2: full_adder_vhdl_code port map( A => C3(2),
B => 23(3),

> 2B1(6),

cout => C4(2),

P4(2));

FAS_3: full adder_vhdl_code port

P3(4),
cin => 2B2(6),
cout => C4(3),
P4(3));

FAS_4: full adder_vhdl_code port map( A => C3(4),
B => 23(5),

> 2B3(6),

cout => c4(4),

p4(4));

FAS_S: full adder_vhdl_code port

P3(6),
cin => 2B4(6),
cout => C4(5),
p4(5));

FAS_6: full_adder_vhdl_code port map( A => C3(6),
B => 23(7),

> 2BS (6),

cout => C4(6),
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—-banké

HAG: half_adder_vhdl_code port map( A

FAG 1:

FAG_3:

FAE_S:

FAE_7:

£ull_adder_vhdl_code

£ull_adder_vhdl_code

£ull_adder_vhdl_code

£ull_adder_vhdl_code

£ull_adder_vhdl_code

£ull_adder_vhdl_code

£ull_adder_vhdl_code

port

port

port

port

port

port

port

cin => 2B5(6),
cout => C4(6),
p4(6));

: full adder_vhdl_code port map( & => C3(7),

B => 2BG(6),

cin => AB7(5),

cout => c4(7),
B4(7)) 5
ca(0),

B => pe(1),

cout => C5(0),
s => p5(0));

map( A => ca(1),
pa(2),
280(7),
es (1),
B5(1));

ca(2),
Pa(3),
cin => 2B1(7),
es(2),
s => 25(2));

cout

map( A => c4(3),
Pa(a),
2B2(4),
e5(3),
P5(3));

ca(4),
P4(5),
cin => 2B3(7),
c5(4),
s => 25(4));

cout

map( & => C4(5),
Pa(6),
2B4(7),
es5(5),
B5(5));

ca(e),
Pa(7),
cin => 2BS(7),
cs(6),
s => 25(6));

cout

map( & => ca(7),
2B6(7),
287(6),
es(7),
B5(7));
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417
418 €
419
420
421
422
423
424
425
426
427
428
429

s = B5(7));
~bank7
HA7: half_adder_vhdl_code port map( & => C5(0),
B => 25(1),
cout => c6(0),
s => p6(0));

FA7_1: full_adder_vhdl_code port map( A => C5(1),
B => 25(2),
cin => c6(0),
cout => c6(1),
s => p6(1));

FA7_2: full_adder_vhdl_code port map( A => C5(2),

430 B = 25(3),
431 cin => c6(1),
432 cout => C6(2),

433
43¢
435
436
437
438
439
440
441

s => p6(2));

FA7_3: full_adder_vhdl_code port map( A => C5(3),
PS5 (4),
cin => c6(2),
cout => CE(3),
s => p6(3));

B =

FA7_4: full_adder_vhdl_code port map( A => C5(4),

442 B => 25(5),
443 cin => c6(3),
e cout => c6(4),

445
446
447
448
445
450
451
452
453

s => p6(4));

FA7_S: full_adder_vhdl_code port map( A => C5(5),
PS5 (6),
cin => c6(4),
cout => c6(5),
s => p6(S));

B =

FA7_6: full_adder_vhdl_code port map( A => C5(6),

454 B = 25(7),
455 cin => c6(5),
456 cout => c6(6),

457
458
459
460
461
462
463
s

s => p6(6));

FA7_7: full_adder_vhdl_code port map( A => C5(7),
c6(6),
cin => AB7(7),
cout => c6(7),
s => p6(T);

B =
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464

ses | —our

466 | S(0) <= ABO(0);
467 | (1) <=p0(0);
265 | s(2) <=p1(0);
465 | 8(3) <=p2(0);
270 | s(4) <=p3(0);
271 s(5) <=pa(0);
472 | S(6) <=p5(0);
273 | 5(7) <=p6(0);
276 | s(8) <=p6(1);
475 | 8(9) <=p6(2);
276 | 5(10) <=p6 (3
477 | s(11) <=p6 (4
478 | S(12) <=p6 (S
275 | 5(13) <=pe(6);
480 | s(14) <=p6 (T
481 1 8(15) <=C6(7

2520 end Gate_tevel;
483 |
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Q x B B X 4 @ Q

1! # Create a virtual clock (needed for timing analysis)

2!

3| #oreate clock -period 20.000 -name virtual clk -waveform {0.000 10.000}

.

5| # Set delays based on analytical calculations

6

7

8!

9. # Set max delay for the critical path (longest delay)
10 | set_max_delay -from [get_ports A*] —to [get _ports S*] 26.000
11| set_min delay ~from [get_ports A*] —to [get ports S*] 0.000
12}

131

1¢ ]

15

161

17 | set_property PACKAGE_PIN Al [get_ports (A[71}]

15| set property PACKAGE_PIN 23 [get ports (A[€]}]

19 | set_property PACKAGE PIN A4 [get_ports [A[51}]

20 | set_property PACKAGE PIN A5 [get_ports [A[4]}]

21| set property PACKAGE_PIN A6 [get ports (A[3]}]

22 | set_property PACKAGE PIN A8 [get_ports [A[2]}]

23 | set_property PACKAGE PIN A9 [get_ports [A[11}]

2¢ | set property PACKAGE_PIN A10 [get ports (A[0]}]

25 | set_property PACKAGE PIN All [get ports (B[71}]

26 | set_property PACKAGE_PIN Al3 [get ports (B[61}]
27| set_property PACKAGE_PIN Al [get ports (3[5]}]

28 | set_property PACKAGE PIN AlS [get ports (B[41}]

29 | set_property PACKAGE PIN Al6 [get ports (B[31}]
30| set _property PACKAGE_PIN A18 [get ports (8[2]}]
31| set_property PACKAGE PIN Bl [get_ports (B[11}]

32 | set_property PACKAGE PIN B2 [get_ports (B[0]}]

35| set _property PACKAGE_PIN B3 [get ports (S[15]}]

3¢ | set_property PACKAGE PIN B4 [get_ports (S[141}]

35 | set_property PACKAGE PIN BE [get_ports (S[131}]

3¢ | set property PACKAGE_PIN B7 [get ports (S[12]}]

37 | set_property PACKAGE PIN BS [get_ports (S[111}]

28 | set_property PACKAGE PIN BS [get_ports (S[101}]
35| set _property PACKAGE_PIN B11 [get ports (S[5]}]

20 | set_property PACKAGE PIN B12 [get ports (S[81}]

41 | set_property PACKAGE PIN B13 [get ports (S[71}]
42| set property PACKAGE_PIN B14 [get ports (S[6]}]

43 | set_property PACKAGE PIN B16 [get ports (S[51}]

24 | set_property PACKAGE PIN B17 [get ports (S[41}]
45| set _property PACKAGE_PIN B18 [get ports (S[3]}]

46 | set_property PACKAGE PIN C1 [get_ports (S[2]}]

47 | set_property PACKAGE PIN C2 [get_ports (S[11}]

45 | set property PACKAGE_PIN C4 [get ports (S[0]}]

49 | set_property IOSTANDARD LVCMOS1S [get_ports (S[6]}]
50 | set_property IOSTANDARD LVCMOS1S [get ports (S[51}]
51 set property TOSTANDARD LVCMOSLS [get ports (S[4]}]
52 | set_property IOSTANDARD LVCMOS1S [get ports (S[31}]
53 | set_property IOSTANDARD LVCMOS1S [get ports (S[2]}]
S¢ | set property TOSTANDARD LVCMOSLS [get ports (S[1]}]
55 | set_property IOSTANDARD LVCMOS1S [get_ports (S[0]}]
56 | set_property IOSTANDARD LVCMOS1S [get_ports (S[71}]
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t=reaad
{s[e11]
{s[511]
{s[101}]
{s[1211]
{s[1111]
{s[131}]
{s[141}]
{s[151}]
A[711]
{a[61}]
{a[51}]
(a[411]
{a[31}]
ar211]
{a[111]
{a[01}]
{B[71}]
{B[61}]
{B[51}]
{B[41}]
{B[31}]
{8[21}]
{B[11}]
{8[01}]

CONFIG_VOLTAGE 1.5 [current design]
CFGBVS GND [current_design]

set_operating_conditions —design_power_budget 15.0
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Name Direction Neg Diff Pair  Package Pin Fixed Bank /0 std Voo Vref  Drive Strength Slew Type Pull Type Off-Chip Termination  IN_TERM
' Allports (32)

v BA® N ¥ (Muliple) LVCMOS15* ~ 1500 NONE v NONE v
B2 AT IN Al v o 35 LVCMOS15* ~ 1500 NONE v NONE v
B Al6] IN A3 v 35 LVCMOSIS* ~ 1500 NONE v NONE v
B Al5] IN AL v 35 LVCMOSIS* ~ 1500 NONE v NONE v
B A4l IN As v 35 LVCMOSIS* ~ 1500 NONE v NONE v
B A3l IN A6 v 35 LVCMOSIS* ~ 1500 NONE v NONE v
B A2I IN A v 16 LVCMOSIS* ~ 1500 NONE v NONE v
B Alll IN A9 v 16 LVCMOS1S* ~ 1500 NONE v NONE v
B Al0] IN A10 v 16 LVCMOS1S* ~ 1500 NONE v NONE v
10 N (Multiple) LVCMOSTS*  ~ 1500 NONE v NONE v
© B[ IN ATt v 15 LVCMOS1S* ~ 1500 NONE v NONE v
© BI6] IN A13 v 15 LVCMOS1S* ~ 1500 NONE v NONE v
© BIS] IN A14 v 15 LVCMOS1S* ~ 1500 NONE v NONE v
© B4l IN A15 v 15 LVCMOS1S* ~ 1500 NONE v NONE v
© B3] IN A16 v 15 LVCMOS1S* ~ 1500 NONE v NONE v
© B2 IN A18 v 15 LVCMOS1S* ~ 1500 NONE v NONE v
© B[] IN B1 v 35 LVCMOSIS* ~ 1500 NONE v NONE v
2 BIO] IN B2 v 35 LVCMOSI5* ~ 1500 NONE v NONE v





image17.png
v € 5(16)
@ shs)
@ sn4
@ s3]
asn2)
asnn
4@ sno
@ sio1
4 si8l
@ sm
@ siel
4@ sIs]
4 si41
@ si31
@ sl21
@ s
4 slo1

out
out
out
out
out
out
out
out
out
out
out
out
out
out
out
out
out

B11
B12
B13
B14
B16
B17
B18
cl

c4

€ € €< ¢ < <K<K K

AR RRNRNRE

v
v
v
v
v

(Multiple)
35
35
35
35
16
16
15
15
15
15
15
15
15
35
35
35

LVCMOS15%
LVCMOS15%
LVCMOS15%
LVCMOS15%
LVCMOS15%
LVCMOS15%
LVCMOS15%
LVCMOS15%
LVCMOS15%
LVCMOS15%
LVCMOS15%
LVCMOS15%
LVCMOS15%
LVCMOS15%
LVCMOS15%
LVCMOS15%
LVCMOS15%

1500
1500
1500
1500
1500
1500
1500
1500
1500
1500
1500
1500
1500
1500
1500
1500
1500

12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12

€€ ¢C<C<C<C <K<K

€€ ¢C<C<C<C <K<K

NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE

€€ ¢C<C<C<C <K<K

FP_VTT_50
FP_VTT_50
FP_VTT_50
FP_VTT_50
FP_VTT_50
FP_VTT_50
FP_VTT_50
FP_VTT_50
FP_VTT_50
FP_VTT_50
FP_VTT_50
FP_VTT_50
FP_VTT_50
FP_VTT_50
FP_VTT_50
FP_VTT_50
FP_VTT_50

€€ ¢C<C<C<C <K<K




image18.png
Tel Console | Messages
Q Cc u

General Information
Timer Settings
Design Timing Summary
Methodology Summary
Check Timing (0)
Intra-Clock Paths
Inter-Clock Paths

> = Other Path Groups

- User lanored Paths.
Timing Summary - timing_1

Log

Reports

Design Runs  Timing

: Design Timing Summary
-~
Setup Hold
Worst Negative Slack (WNS): 32.518 ns Worst Hold Slack (WHS): 1709 ns
Total Negative Slack (TNS): 0000 ns Total Hold Slack (THS): 0000 ns
Number of Failing Endpoints: 0 Number of Failing Endpoints: 0
Total Number of Endpoints: 16 Total Number of Endpoints: 16

Al user specified timing constraints are met.

Pulse Width

Worst Pulse Width Slack (WPWS): NA
Total Pulse Width Negative Slack (TPWS): NA
Number of Failing Endpoints: NA
Total Number of Endpoints:





image19.png
Project Summary
Overview | Dashboard + Add Gadget = &
Utilization (synth_1, Synth Design) sEOOX
/O 7 15%
LUT {7 1%
0 25 5 75 10 125 15 175
Power (impl_1, Route Design) sEOOX

Total Power {7 e 11423

PL Static | 0.153

1/0) | S 8645

Logic == 1.116
Signals {1509
0 25 5 75 10 125
DRC smeOx

Data for selected statistics unavailable/hidden

200X

Timing (impl_1, Route Design) smeOx
Report WNS  WHS
(3 impl_1, Timing Summary - Route Design 26439 2999

Utilization (impl_1, Place Design) sEOOX

/00 | S S e 15%

LUT o 1%
0 25 5 75 10 125 15 175
Methodology sEOOX

Data for selected statistics unavailable/hidden




image2.png




image20.png
TelConsole | Messages |Log |Reports |DesignRuns |Timing x Power | PackagePins |I1/0 Ports

Q = 2 : Design Timing Summary
General Information A
Timer Settings Setup Hold Pulse Width
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Intra-Clock Paths Total Number of Endpoints: 16 Total Number of Endpoints: 16 Total Number of Endpoints: NA

Inter-Clock Paths
> = Other Path Groups

Al user specified timing constraints are met.
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Engineer:

Create Date: 19.02.2025 16:29:20

: braunmultifx8 - Behavioral

Project Name:
Targst Devices:
Tool Versions:

Descriptio:

Dependencies:

Revision:
Revision 0.01 - File Created
Additional Comments:

22 | library IEEE;
23 | use IEEE.STD_LOGIC_1164.ALL;

2¢

25Q) -- Uncomment the following library declaration if using

26 | - arithmetic funotions vith Signed or Unsigned values

27 | --use IEEE.NUMERIC S5TD.ALL;

28

29 | - Uncomment the following library declaration if instantiating
30 | - any Xilinx leaf cells in this code.

31| --library vNISIM;

320 --use UNISIM.VComponents.all;

33

3¢ entity braunmultisx8 is

35| pert ( A: in STD_LOGIC VECTOR (7 downto 0);

36 1 B: in STD_LOGIC_VECTOR (7 downto 0);

L S: out STD_LOGIC_VECTOR (15 downto 0)

280 end braunmultiBxs;

390 architecture Gate Level of braunmulti8x8 is

20 | -- Full Adder 1bit Component Decalaration

410 component full adder_vhdl_code

42 | port ( A,B: in STD_LOGIC,

a3 Cin: in STD_LOGIC;

ae ) Cout: out STD_LOGIC;

s s: out sTD_roGIC)

46 end component

a7

48 | - Half Adder 1bit Component Decalaration

49 component half_adder_vhdl_code

50 | pert ( A,B: in STD_LOGIC

510 Cout: out STD LoGIC;

52 s: out STD_L0GIC);

536 end component

54 | - Intermediate declaration

55 | signal ABO, AB1, AB2, AB3,AB4,ABS,AB6,AB7: STD_LOGIC VECTOR (7 downto 0);
56 | signal €1, C2, C3,C4,CS,C6,C7: STD_LOGIC_VECTOR (7 downto 0) ;——carry

3
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signal Cl, €2, C3,C4,C5,C6,C
signal P1, P2, P3,P4,P5,26,27: STD_LOGIC_VECTOR (7 downto 0);

begin

X B B X / @ ©Q

signal AB0, AB1, AB2, AB3,AB4,ABS,ABG,AB7: STD_LOGIC_VECTOR (7 downto 0);

STD_LOGIC_VECTOR (7 downto 0)

- multiplier input

--and Bankl
280(0) <= A(0)
280(1) <= A(1)
280(2) <= A(2)
280(3) <= A(3)
280 (4) <= A(4)
280(S) <= A(S)
280(6) <= A(6)
280(7) <= A(7)
--and BankZ

281(0) <= A(0)
2B1(1) <= a(1)
281(2) <= A(2)
281(3) <= A(3)
2B1(4) <= A(4)
2B1(5) <= A(S)
2B1(6) <= A(6)
2B1(7) <= A(7)
--and Bank3

282(0) <= a(0)
282(1) <= a(1)
282(2) <= A(2)
282(3) <= A(3)
2B2(4) <= A(4)
282(5) <= A(S)
282(6) <= A(6)
282(7) <= A(7)
--and Bank4

283(0) <= a(0)
283(1) <= a(1)
283(2) <= a(2)
283(3) <= A(3)
2B3(4) <= A(4)
283(5) <= A(5)
283(6) <= A(6)
283(7) <= A(7)
--and Banks

284(0) <= 2a(0)
284 (1) <= a(1)
284(2) <= a(2)
284(3) <= a(3)
2B4(4) <= A(4)
284 (5) <= A(5)
284 (6) <= A(6)
284 (7) <= A(7)

--and Banké
285(0) <= A(0)

285 (1)
285 (2)

<=

<=

a1
2(2)

and
and
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and
and
and
and

and

and
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