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Introduction
Digital multiplication is an essential operation in today's computing systems. It plays a key role in digital signal processing, microprocessors, and many arithmetic units used in daily life.[1], [2] The effectiveness of multiplication algorithms directly affects the overall performance of these digital systems, which is why choosing the correct multiplier architectures is vital for optimising speed, power consumption, and hardware resources.
This report examines two notable multiplication techniques: Braun's and Wallace Tree. Both are designed as 8-bit unsigned multipliers using VHDL. The analysis covers the design methodology, performance evaluation, power consumption, and critical path analysis to discover the best option for various application scenarios.
[bookmark: _Toc200110402]Background Research and Current Developments
[bookmark: _Toc200110403]Evolution of Multiplier Techniques
Digital multiplication has evolved significantly over the past decades, driven by the increasing demand for high-performance computing and energy-efficient designs. Traditional array multipliers like Braun's multiplier provide straightforward implementation with predictable timing characteristics, while advanced techniques like Wallace Tree multipliers offer improved speed performance through parallel processing architectures.
Recent developments in multiplier design focus on hybrid approaches that combine the benefits of different techniques. Research has shown increasing interest in approximate multipliers for applications where slight accuracy trade-offs can yield significant power and speed improvements. Additionally, integrating machine learning algorithms for optimising multiplier configurations has gained attention in contemporary research.[3], [4]
[bookmark: _Toc200110404]Applications and Advantages
[bookmark: _Toc200110405]Braun's Multiplier Applications
· Embedded systems requiring predictable timing
· Educational implementations due to straightforward design
· Applications where silicon area is not a primary constraint
· Systems requiring simple control logic
Wallace Tree Multiplier Applications
· High-performance digital signal processing
· Graphics processing units and multimedia applications
· Arithmetic logic units in modern processors
· Real-time systems requiring fast multiplication
Braun's multiplier's advantages include simplicity of design, a regular structure that facilitates layout, and ease of testing and verification. Wallace Tree multipliers excel in speed performance, reduced critical path delay, and efficient utilisation of parallel processing capabilities. [3]
[bookmark: _Toc200110407]System Operation and Methodology
[bookmark: _Toc200110408]Design Methodology
This project implemented model-based design principles throughout the development cycle, beginning with initial prototyping and verification in Simulink before proceeding to VHDL implementation.[5]
[bookmark: _Toc200110409]Model-Based Design Approach
The implementation followed a model-based design methodology, which provides several advantages, including early verification, design space exploration, and reduced development time. This approach enabled comprehensive testing of design concepts before committing to hardware implementation.
Simulink Prototyping Phase
Initial verification used MATLAB Simulink for rapid prototyping and validating multiplier architectures. The models, built from fundamental logic gates, provided behavioural references for VHDL implementation. Custom full and half adders were designed and tested in Simulink with basic logic gates (AND, OR, XOR, NAND). This approach ensured understanding of component behaviour and confidence in the building blocks before system integration.
[bookmark: _Toc200110410]Full Adder Simulink Implementation
[image: ]
[bookmark: _Toc200110461]Figure 1 - Simulink Full Adder
- Sum output: A ⊕ B ⊕ Cin (implemented using XOR gates)
- Carry output: (A ∧ B) ∨ (Cin ∧ (A ⊕ B)) (implemented using AND, OR, XOR gates)



[bookmark: _Toc200110411]Half Adder Simulink Implementation
[image: ]
[bookmark: _Toc200110462]Figure 2 - Simulink Half Adder
- Sum output: A ⊕ B (XOR gate implementation)
- Carry output: A ∧ B (AND gate implementation)
[bookmark: _Toc200110412]Multiplier Block Diagrams and Algorithms
[bookmark: _Toc200110413]Braun's Multiplier Architecture
The Braun's multiplier employs a regular array structure where partial products are generated simultaneously and accumulated through a systematic arrangement of adders. The process follows these steps:
1. Generate partial products P[i,j] = A[i] × B[j]
2. Arrange partial products in an array format
3. Use full adders and half adders for sequential addition
4. Propagation carries through adjacent cells
5. Collect the final 16-bit product
The architecture comprises 64 AND gates for partial product generation and 56 adders (a combination of full and half adders) arranged in a triangular pattern.[6]
[bookmark: _Toc200110414]Wallace Tree Multiplier Architecture
The Wallace Tree multiplier utilises a tree-like reduction structure designed to minimise the critical path delay through parallel processing of partial products.
1. Generate partial products P[i,j] = A[i] × B[j]
2. Group partial products by weight (column)
3. Apply 3:2 compressors (full adders) to reduce three signals to two
4. Apply 4:2 compressors where applicable
5. Continue reduction until two operands remain
6. Perform final addition using carry-propagate adder[6]
[bookmark: _Toc200110415]Implementation Details
[bookmark: _Toc200110416]Model-Based Process
Each adder underwent testing in Simulink before VHDL conversion, which included verifying the truth table against theoretical expectation. This led to integration testing within larger arithmetic structures, with a 4-bit multiplier and cross-validation with manual calculations, before creating the 8-bit multipliers.  [5]
[bookmark: _Toc200110417]Model-Based Design Benefits Realised
The model-based approach facilitated early identification of critical design flaws, such as misrouted signals and omitted internal connections. This early detection streamlined the hardware debugging process and reinforced the functional integrity of the final VHDL implementation. The Simulink models also served as executable specifications that could be easily modified and retested during design iterations.
[bookmark: _Toc200110418]VHDL Creation
Simulink's HDL Workflow Advisor provides comprehensive analysis capabilities that streamline the performance evaluation process for both multiplier implementations. The integrated toolchain automatically generates timing, power, and resource utilisation reports directly from the Simulink model, eliminating the need for manual report generation and analysis. However, for the purpose of this report, the author has chosen to use the reports generated in the Vivado software.
One of Simulink's most valuable features is the ability to highlight critical paths directly on the block diagram model, however as the timing constraints for this project are arbitrary, this was not utilised to its full potential to explore pipelining. 
The VHDL was created from the verified Simulink models, which created a seamless transition from behavioural modelling to hardware description language.
The conversion from Simulink to VHDL followed a structured approach that maintained the integrity of the verified designs:
1. Component Mapping. Each Simulink basic gate was directly translated to equivalent VHDL constructs
2. Hierarchical Preservation. The modular structure established in Simulink was maintained in VHDL
3. Signal Integrity. All internal signals and their behaviours were preserved during translation
The VHDL implementation follows a hierarchical approach with separate entities for basic components (full adder, half adder) and top-level entities for complete multipliers. This structure directly mirrors the Simulink subsystem organisation:
1. Basic Gate Level: AND, XOR, OR gate implementations verified in Simulink
2. Component Level: Full adders and half adders as tested in Simulink subsystems
3. Architecture Level: Complete multiplier structures validated through Simulink system models.
4. Top Level: Integration entities with port mapping completed in Vivado, ensuring proper signal connectivity. 
This design strategy uses the Simulink models as golden references, which are behavioural benchmarks for validating VHDL implementations. This approach includes applying identical test inputs to the Simulink and VHDL implementations to ensure consistency.  The benefits of model-based design are significant. One of the main advantages is early confirmation, which enables the identification of design issues during the Simulink phase before reaching the VHDL implementation stage. This proactive approach contributes to reduced debug time, as the confidence in the VHDL implementation is built on the pre-verified models. Also, model-based design enhances design traceability, clearly mapping Simulink blocks and VHDL entities. Port mapping in Vivado ensures proper signal connectivity while maintaining design modularity and reusability, with the added confidence that all connections have been pre-verified through the Simulink modelling phase.[5]
[bookmark: _Toc200110419]FPGA Implementation Results
Both multiplier designs were successfully implemented and tested on the Digilent Basys 3 prototyping board, which features a Xilinx Artix-7 FPGA (XC7A35T-1CPG236C). This platform provided an ideal testing environment for validating the practical performance of both multiplier architectures in real hardware.
[bookmark: _Toc200110420]Performance Comparison
This analysis section compares the performance of both 8-bit multipliers, Wallace Tree and the Braun Array, once they had both been synthesised on the Basys 3 board.
[bookmark: _Toc200110421]Timing Analysis and Critical Path Evaluation
	
	Wallace Tree
	Braun's 
	Difference

	Critical Path Delay
	13.712 ns
	16.114 ns
	+2.402 ns 

	Timing Slack
	-5.737 ns
	-8.139 ns
	-2.402 ns 

	Logic Levels
	9
	12
	3

	Logic Delay
	4.410 ns (37.7%)
	4.783 ns (33.9%)
	+0.373 ns

	Routing Delay
	7.302 ns (62.3%
	9.331 ns (66.1%)
	+2.029 ns


[bookmark: _Toc200110463]Table 1 - Timing Comparison
The critical path in Braun's multiplier extends from the most significant bit inputs, through the diagonal adder chain, to the final output via all the logic levels. 
The Wallace Tree multiplier demonstrates superior performance with a critical path delay of 13.712 ns compared to the Braun Array's 16.114 ns. This represents a 17.5% speed advantage for the Wallace Tree implementation.
[bookmark: _Toc200110422]Power Consumption Analysis
	
	Wallace Tree
	Braun's 
	Difference

	Total Power
	0.085 W
	0.085W
	0 W

	Dynamic Power
	0.014 W
	0.015W
	+0.001 W

	Static Power
	0.070 W
	0.070 W
	0 W


[bookmark: _Toc200110464]Table 2 - Power Comparison
Both implementations exhibit nearly identical total power consumption at 0.085 W, with static power at 0.070 W (82.4% of total power). The key differences lie in dynamic power consumption. The Braun Array consumes 7.1% more dynamic power despite its lower operating frequency, which can be linked to its higher logic levels utilisation and therefore increased switching.


[bookmark: _Toc200110423]Resource Utilisation
	
	Wallace Tree
	Braun's 
	Difference

	LUT's Used
	138
	176
	+38

	LUT's Utilisation
	0.66%
	0.85%
	+0.19%

	Signals
	154
	193
	+39


[bookmark: _Toc200110465]Table 3 - Resource Utilisation
Once again, the Wallace Tree demonstrates its superiority by using 27.5% fewer Look Up Tables and 25.3% fewer signals than Braun’s. This translates to the Basys 3FPGA utilisation, where the Wallace Tree utilises 0.66% vs. Braun Array's 0.85% of available LUTs. However, the most significant architectural difference is evident in the logic levels. The Wallace Tree's 25% reduction in logic depth directly contributes to its improved timing performance, as it reduces the number of sequential logic operations in the critical path.
[bookmark: _Toc200110424]Recommendations for Future Improvements
[bookmark: _Toc200110425]Speed Optimisation via Pipelining
[bookmark: _Toc200110427]Pipelining is a technique that divides a complex combinational logic path into smaller stages separated by registers (flip-flops). This can be best described as an assembly line in manufacturing, rather than one worker completing an entire product, multiple workers each complete a state, which enables multiple products to be processed simultaneously.
Both multipliers fail to meet the timing constraints because of the lengthy and intricate logic path that needs to be completed within one clock cycle. Consequently, the clock period must account for this maximum delay.
However, if a degree of pipelining were introduced, this path could be split into smaller subsections. As these are smaller, a faster clock cycle could be used. Therefore, although multiple clock cycles are needed to complete the operation, a quicker overall result can be achieved as multiple operations can be processed simultaneously.[3], [5], [7]

Conclusion
This report demonstrates that Braun's and Wallace Tree multipliers offer distinct advantages depending on the application scenario. The Wallace Tree multiplier provides superior speed performance with quicker operation, making it ideal for high-performance computing applications. However, Braun's multiplier presents benefits in design simplicity, a regular structure, and the ability to extract the partial output at any of the levels.
The choice between these architectures depends on specific system requirements. The Wallace Tree multiplier represents the ideal choice for applications prioritising maximum speed and accepting higher complexity and power consumption. On the other hand, systems requiring predictable timing, similar power consumption, and simpler verification processes benefit from Braun's multiplier implementation.
Future research directions should focus on hybrid approaches that combine the benefits of both techniques, potentially through reconfigurable architectures that adapt to varying performance requirements. Additionally, integrating machine learning techniques for dynamic optimisation presents promising opportunities for next-generation multiplier designs.
The analysis confirms that understanding the fundamental trade-offs between multiplication architectures enables engineers to make informed decisions that optimise system performance for specific application domains. Both multipliers successfully demonstrate the practical application of digital arithmetic principles while highlighting the importance of architectural selection in achieving desired performance characteristics.
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[bookmark: _Toc200110466]Figure 3 - Braun Multiplier Detail showing signals
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[bookmark: _Toc200110467]Figure 4 - Braun Multiplier Full Hierarchical Diagram
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[bookmark: _Toc200110468]Figure 5 - Wallace Tree Multiplier Detail showing signals
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[bookmark: _Toc200110469]Figure 6 - Wallace Tree Multiplier Full Hierarchical Diagram
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timing_report_braun.txt
Copyright 1986-2022 Xilinx, Inc. All Rights Reserved. Copyright 2022-2023 Advanced Micro Devices, Inc. All Rights Reserved.

---------------------------------------------------------------------------------------------------------------------------------------------

| Tool Version : Vivado v.2023.1 (win64) Build 3865809 Sun May  7 15:05:29 MDT 2023

| Date         : Wed May 28 14:34:17 2025

| Host         : DESKTOP-A5BALAG running 64-bit major release  (build 9200)

| Command      : report_timing -file timing_report_braun.txt

| Design       : Eight_bit_Braun

| Device       : 7a35t-cpg236

| Speed File   : -1  PRODUCTION 1.23 2018-06-13

| Design State : Routed

---------------------------------------------------------------------------------------------------------------------------------------------



Timing Report



Slack (VIOLATED) :        -8.139ns  (required time - arrival time)

  Source:                 A0

                            (input port clocked by virtclk  {rise@0.000ns fall@5.000ns period=10.000ns})

  Destination:            P14

                            (output port clocked by virtclk  {rise@0.000ns fall@5.000ns period=10.000ns})

  Path Group:             virtclk

  Path Type:              Max at Slow Process Corner

  Requirement:            10.000ns  (virtclk rise@10.000ns - virtclk rise@0.000ns)

  Data Path Delay:        14.114ns  (logic 4.783ns (33.891%)  route 9.331ns (66.109%))

  Logic Levels:           12  (IBUF=1 LUT6=10 OBUF=1)

  Input Delay:            2.000ns

  Output Delay:           2.000ns

  Clock Uncertainty:      0.025ns



    Location             Delay type                Incr(ns)  Path(ns)    Netlist Resource(s)

  -------------------------------------------------------------------    -------------------

                         (clock virtclk rise edge)    0.000     0.000 r  

                         ideal clock network latency

                                                      0.000     0.000    

                         input delay                  2.000     2.000    

    U14                                               0.000     2.000 r  A0 (IN)

                         net (fo=0)                   0.000     2.000    A0

    U14                  IBUF (Prop_ibuf_I_O)         0.936     2.936 r  A0_IBUF_inst/O

                         net (fo=21, routed)          1.543     4.479    A0_IBUF

    SLICE_X0Y8           LUT6 (Prop_lut6_I4_O)        0.124     4.603 r  P4_OBUF_inst_i_5/O

                         net (fo=9, routed)           0.641     5.244    C3

    SLICE_X0Y9           LUT6 (Prop_lut6_I5_O)        0.124     5.368 r  P6_OBUF_inst_i_12/O

                         net (fo=2, routed)           0.976     6.344    u_Model11/XOR_out1__0

    SLICE_X0Y7           LUT6 (Prop_lut6_I1_O)        0.124     6.468 r  P6_OBUF_inst_i_6/O

                         net (fo=4, routed)           0.783     7.251    C3_2

    SLICE_X2Y9           LUT6 (Prop_lut6_I2_O)        0.124     7.375 r  P8_OBUF_inst_i_16/O

                         net (fo=3, routed)           0.471     7.846    C3_3

    SLICE_X4Y10          LUT6 (Prop_lut6_I0_O)        0.124     7.970 r  P9_OBUF_inst_i_13/O

                         net (fo=3, routed)           0.597     8.568    S1_16

    SLICE_X5Y12          LUT6 (Prop_lut6_I2_O)        0.124     8.692 r  P9_OBUF_inst_i_6/O

                         net (fo=7, routed)           0.630     9.321    C4_5

    SLICE_X4Y13          LUT6 (Prop_lut6_I2_O)        0.124     9.445 r  P12_OBUF_inst_i_7/O

                         net (fo=3, routed)           0.867    10.312    C4_6

    SLICE_X3Y18          LUT6 (Prop_lut6_I0_O)        0.124    10.436 r  P12_OBUF_inst_i_4/O

                         net (fo=2, routed)           0.646    11.082    S1_25

    SLICE_X1Y18          LUT6 (Prop_lut6_I4_O)        0.124    11.206 r  P14_OBUF_inst_i_2/O

                         net (fo=2, routed)           0.465    11.671    C2_13

    SLICE_X1Y19          LUT6 (Prop_lut6_I0_O)        0.124    11.795 r  P14_OBUF_inst_i_1/O

                         net (fo=1, routed)           1.712    13.507    P14_OBUF

    P18                  OBUF (Prop_obuf_I_O)         2.607    16.114 r  P14_OBUF_inst/O

                         net (fo=0)                   0.000    16.114    P14

    P18                                                               r  P14 (OUT)

  -------------------------------------------------------------------    -------------------



                         (clock virtclk rise edge)   10.000    10.000 r  

                         ideal clock network latency

                                                      0.000    10.000    

                         clock pessimism              0.000    10.000    

                         clock uncertainty           -0.025     9.975    

                         output delay                -2.000     7.975    

  -------------------------------------------------------------------

                         required time                          7.975    

                         arrival time                         -16.114    

  -------------------------------------------------------------------

                         slack                                 -8.139    
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1. Summary

----------



+--------------------------+--------------+

| Total On-Chip Power (W)  | 0.085        |

| Design Power Budget (W)  | Unspecified* |

| Power Budget Margin (W)  | NA           |

| Dynamic (W)              | 0.015        |

| Device Static (W)        | 0.070        |

| Effective TJA (C/W)      | 5.0          |

| Max Ambient (C)          | 84.6         |

| Junction Temperature (C) | 25.4         |

| Confidence Level         | Low          |

| Setting File             | ---          |

| Simulation Activity File | ---          |

| Design Nets Matched      | NA           |

+--------------------------+--------------+

* Specify Design Power Budget using, set_operating_conditions -design_power_budget <value in Watts>





1.1 On-Chip Components

----------------------



+----------------+-----------+----------+-----------+-----------------+

| On-Chip        | Power (W) | Used     | Available | Utilization (%) |

+----------------+-----------+----------+-----------+-----------------+

| Clocks         |     0.000 |        3 |       --- |             --- |

| Slice Logic    |     0.001 |      177 |       --- |             --- |

|   LUT as Logic |     0.001 |      176 |     20800 |            0.85 |

| Signals        |     0.002 |      193 |       --- |             --- |

| I/O            |     0.012 |       32 |       106 |           30.19 |

| Static Power   |     0.070 |          |           |                 |

| Total          |     0.085 |          |           |                 |

+----------------+-----------+----------+-----------+-----------------+





1.2 Power Supply Summary

------------------------



+-----------+-------------+-----------+-------------+------------+-------------+-------------+------------+

| Source    | Voltage (V) | Total (A) | Dynamic (A) | Static (A) | Powerup (A) | Budget (A)  | Margin (A) |

+-----------+-------------+-----------+-------------+------------+-------------+-------------+------------+

| Vccint    |       1.000 |     0.013 |       0.004 |      0.010 |       NA    | Unspecified | NA         |

| Vccaux    |       1.800 |     0.014 |       0.001 |      0.013 |       NA    | Unspecified | NA         |

| Vcco33    |       3.300 |     0.000 |       0.000 |      0.000 |       NA    | Unspecified | NA         |

| Vcco25    |       2.500 |     0.000 |       0.000 |      0.000 |       NA    | Unspecified | NA         |

| Vcco18    |       1.800 |     0.006 |       0.005 |      0.001 |       NA    | Unspecified | NA         |

| Vcco15    |       1.500 |     0.000 |       0.000 |      0.000 |       NA    | Unspecified | NA         |

| Vcco135   |       1.350 |     0.000 |       0.000 |      0.000 |       NA    | Unspecified | NA         |

| Vcco12    |       1.200 |     0.000 |       0.000 |      0.000 |       NA    | Unspecified | NA         |

| Vccaux_io |       1.800 |     0.000 |       0.000 |      0.000 |       NA    | Unspecified | NA         |

| Vccbram   |       1.000 |     0.000 |       0.000 |      0.000 |       NA    | Unspecified | NA         |

| MGTAVcc   |       1.000 |     0.000 |       0.000 |      0.000 |       NA    | Unspecified | NA         |

| MGTAVtt   |       1.200 |     0.000 |       0.000 |      0.000 |       NA    | Unspecified | NA         |

| Vccadc    |       1.800 |     0.020 |       0.000 |      0.020 |       NA    | Unspecified | NA         |

+-----------+-------------+-----------+-------------+------------+-------------+-------------+------------+





1.3 Confidence Level

--------------------



+-----------------------------+------------+--------------------------------------------------------+------------------------------------------------------------------------------------------------------------+

| User Input Data             | Confidence | Details                                                | Action                                                                                                     |

+-----------------------------+------------+--------------------------------------------------------+------------------------------------------------------------------------------------------------------------+

| Design implementation state | High       | Design is routed                                       |                                                                                                            |

| Clock nodes activity        | High       | User specified more than 95% of clocks                 |                                                                                                            |

| I/O nodes activity          | Low        | More than 75% of inputs are missing user specification | Provide missing input activity with simulation results or by editing the "By Resource Type -> I/Os" view   |

| Internal nodes activity     | Medium     | User specified less than 25% of internal nodes         | Provide missing internal nodes activity with simulation results or by editing the "By Resource Type" views |

| Device models               | High       | Device models are Production                           |                                                                                                            |

|                             |            |                                                        |                                                                                                            |

| Overall confidence level    | Low        |                                                        |                                                                                                            |

+-----------------------------+------------+--------------------------------------------------------+------------------------------------------------------------------------------------------------------------+





2. Settings

-----------



2.1 Environment

---------------



+-----------------------+--------------------------+

| Ambient Temp (C)      | 25.0                     |

| ThetaJA (C/W)         | 5.0                      |

| Airflow (LFM)         | 250                      |

| Heat Sink             | medium (Medium Profile)  |

| ThetaSA (C/W)         | 4.6                      |

| Board Selection       | medium (10"x10")         |

| # of Board Layers     | 12to15 (12 to 15 Layers) |

| Board Temperature (C) | 25.0                     |

+-----------------------+--------------------------+





2.2 Clock Constraints

---------------------



+-------+--------+-----------------+

| Clock | Domain | Constraint (ns) |

+-------+--------+-----------------+





3. Detailed Reports

-------------------



3.1 By Hierarchy

----------------



+-----------------+-----------+

| Name            | Power (W) |

+-----------------+-----------+

| Eight_bit_Braun |     0.015 |

+-----------------+-----------+
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| Tool Version : Vivado v.2023.1 (win64) Build 3865809 Sun May  7 15:05:29 MDT 2023
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---------------------------------------------------------------------------------------------------------------------------------------------



Timing Report



Slack (VIOLATED) :        -5.737ns  (required time - arrival time)

  Source:                 B2

                            (input port clocked by virtclk  {rise@0.000ns fall@5.000ns period=10.000ns})

  Destination:            P13

                            (output port clocked by virtclk  {rise@0.000ns fall@5.000ns period=10.000ns})

  Path Group:             virtclk

  Path Type:              Max at Slow Process Corner

  Requirement:            10.000ns  (virtclk rise@10.000ns - virtclk rise@0.000ns)

  Data Path Delay:        11.712ns  (logic 4.410ns (37.654%)  route 7.302ns (62.346%))

  Logic Levels:           9  (IBUF=1 LUT4=1 LUT5=1 LUT6=5 OBUF=1)

  Input Delay:            2.000ns

  Output Delay:           2.000ns

  Clock Uncertainty:      0.025ns



    Location             Delay type                Incr(ns)  Path(ns)    Netlist Resource(s)

  -------------------------------------------------------------------    -------------------

                         (clock virtclk rise edge)    0.000     0.000 r  

                         ideal clock network latency

                                                      0.000     0.000    

                         input delay                  2.000     2.000    

    W16                                               0.000     2.000 r  B2 (IN)

                         net (fo=0)                   0.000     2.000    B2

    W16                  IBUF (Prop_ibuf_I_O)         0.949     2.949 r  B2_IBUF_inst/O

                         net (fo=19, routed)          1.657     4.605    B2_IBUF

    SLICE_X1Y7           LUT6 (Prop_lut6_I1_O)        0.124     4.729 r  P4_OBUF_inst_i_4/O

                         net (fo=3, routed)           0.428     5.157    Full_Adder1_out2

    SLICE_X1Y8           LUT4 (Prop_lut4_I0_O)        0.124     5.281 r  P5_OBUF_inst_i_8/O

                         net (fo=5, routed)           0.850     6.131    Full_Adder7_out2

    SLICE_X3Y8           LUT6 (Prop_lut6_I0_O)        0.124     6.255 r  P7_OBUF_inst_i_6/O

                         net (fo=6, routed)           0.580     6.835    Full_Adder21_out2

    SLICE_X1Y10          LUT6 (Prop_lut6_I4_O)        0.124     6.959 r  P10_OBUF_inst_i_10/O

                         net (fo=1, routed)           0.943     7.902    Full_Adder34_out1

    SLICE_X0Y13          LUT6 (Prop_lut6_I1_O)        0.124     8.026 r  P10_OBUF_inst_i_4/O

                         net (fo=4, routed)           0.482     8.508    Full_Adder42_out2

    SLICE_X0Y13          LUT6 (Prop_lut6_I0_O)        0.124     8.632 r  P12_OBUF_inst_i_2/O

                         net (fo=3, routed)           0.509     9.140    Full_Adder44_out2

    SLICE_X1Y13          LUT5 (Prop_lut5_I4_O)        0.124     9.264 r  P13_OBUF_inst_i_1/O

                         net (fo=1, routed)           1.855    11.119    P13_OBUF

    R18                  OBUF (Prop_obuf_I_O)         2.593    13.712 r  P13_OBUF_inst/O

                         net (fo=0)                   0.000    13.712    P13

    R18                                                               r  P13 (OUT)

  -------------------------------------------------------------------    -------------------



                         (clock virtclk rise edge)   10.000    10.000 r  

                         ideal clock network latency

                                                      0.000    10.000    

                         clock pessimism              0.000    10.000    

                         clock uncertainty           -0.025     9.975    

                         output delay                -2.000     7.975    

  -------------------------------------------------------------------

                         required time                          7.975    

                         arrival time                         -13.712    

  -------------------------------------------------------------------

                         slack                                 -5.737    
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1. Summary

----------



+--------------------------+--------------+

| Total On-Chip Power (W)  | 0.085        |

| Design Power Budget (W)  | Unspecified* |

| Power Budget Margin (W)  | NA           |

| Dynamic (W)              | 0.014        |

| Device Static (W)        | 0.070        |

| Effective TJA (C/W)      | 5.0          |

| Max Ambient (C)          | 84.6         |

| Junction Temperature (C) | 25.4         |

| Confidence Level         | Low          |

| Setting File             | ---          |

| Simulation Activity File | ---          |

| Design Nets Matched      | NA           |

+--------------------------+--------------+

* Specify Design Power Budget using, set_operating_conditions -design_power_budget <value in Watts>





1.1 On-Chip Components

----------------------



+----------------+-----------+----------+-----------+-----------------+

| On-Chip        | Power (W) | Used     | Available | Utilization (%) |

+----------------+-----------+----------+-----------+-----------------+

| Clocks         |     0.000 |        3 |       --- |             --- |

| Slice Logic    |    <0.001 |      138 |       --- |             --- |

|   LUT as Logic |    <0.001 |      138 |     20800 |            0.66 |

| Signals        |     0.002 |      154 |       --- |             --- |

| I/O            |     0.012 |       32 |       106 |           30.19 |

| Static Power   |     0.070 |          |           |                 |

| Total          |     0.085 |          |           |                 |

+----------------+-----------+----------+-----------+-----------------+





1.2 Power Supply Summary

------------------------



+-----------+-------------+-----------+-------------+------------+-------------+-------------+------------+

| Source    | Voltage (V) | Total (A) | Dynamic (A) | Static (A) | Powerup (A) | Budget (A)  | Margin (A) |

+-----------+-------------+-----------+-------------+------------+-------------+-------------+------------+

| Vccint    |       1.000 |     0.012 |       0.003 |      0.010 |       NA    | Unspecified | NA         |

| Vccaux    |       1.800 |     0.014 |       0.001 |      0.013 |       NA    | Unspecified | NA         |

| Vcco33    |       3.300 |     0.000 |       0.000 |      0.000 |       NA    | Unspecified | NA         |

| Vcco25    |       2.500 |     0.000 |       0.000 |      0.000 |       NA    | Unspecified | NA         |

| Vcco18    |       1.800 |     0.006 |       0.005 |      0.001 |       NA    | Unspecified | NA         |

| Vcco15    |       1.500 |     0.000 |       0.000 |      0.000 |       NA    | Unspecified | NA         |

| Vcco135   |       1.350 |     0.000 |       0.000 |      0.000 |       NA    | Unspecified | NA         |

| Vcco12    |       1.200 |     0.000 |       0.000 |      0.000 |       NA    | Unspecified | NA         |

| Vccaux_io |       1.800 |     0.000 |       0.000 |      0.000 |       NA    | Unspecified | NA         |

| Vccbram   |       1.000 |     0.000 |       0.000 |      0.000 |       NA    | Unspecified | NA         |

| MGTAVcc   |       1.000 |     0.000 |       0.000 |      0.000 |       NA    | Unspecified | NA         |

| MGTAVtt   |       1.200 |     0.000 |       0.000 |      0.000 |       NA    | Unspecified | NA         |

| Vccadc    |       1.800 |     0.020 |       0.000 |      0.020 |       NA    | Unspecified | NA         |

+-----------+-------------+-----------+-------------+------------+-------------+-------------+------------+





1.3 Confidence Level

--------------------



+-----------------------------+------------+--------------------------------------------------------+------------------------------------------------------------------------------------------------------------+

| User Input Data             | Confidence | Details                                                | Action                                                                                                     |

+-----------------------------+------------+--------------------------------------------------------+------------------------------------------------------------------------------------------------------------+

| Design implementation state | High       | Design is routed                                       |                                                                                                            |

| Clock nodes activity        | High       | User specified more than 95% of clocks                 |                                                                                                            |

| I/O nodes activity          | Low        | More than 75% of inputs are missing user specification | Provide missing input activity with simulation results or by editing the "By Resource Type -> I/Os" view   |

| Internal nodes activity     | Medium     | User specified less than 25% of internal nodes         | Provide missing internal nodes activity with simulation results or by editing the "By Resource Type" views |

| Device models               | High       | Device models are Production                           |                                                                                                            |

|                             |            |                                                        |                                                                                                            |

| Overall confidence level    | Low        |                                                        |                                                                                                            |

+-----------------------------+------------+--------------------------------------------------------+------------------------------------------------------------------------------------------------------------+





2. Settings

-----------



2.1 Environment

---------------



+-----------------------+--------------------------+

| Ambient Temp (C)      | 25.0                     |

| ThetaJA (C/W)         | 5.0                      |

| Airflow (LFM)         | 250                      |

| Heat Sink             | medium (Medium Profile)  |

| ThetaSA (C/W)         | 4.6                      |

| Board Selection       | medium (10"x10")         |

| # of Board Layers     | 12to15 (12 to 15 Layers) |

| Board Temperature (C) | 25.0                     |

+-----------------------+--------------------------+





2.2 Clock Constraints

---------------------



+-------+--------+-----------------+

| Clock | Domain | Constraint (ns) |

+-------+--------+-----------------+





3. Detailed Reports

-------------------



3.1 By Hierarchy

----------------



+-------------------+-----------+

| Name              | Power (W) |

+-------------------+-----------+

| Eight_bit_Wallace |     0.014 |

+-------------------+-----------+
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