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Abstract

The objective of the lab was to create a VHDL testbench for the RC5 module.  This testbench requires no user interaction and should automatically determine whether the RC5 module is functioning correctly.  
Procedure

To create the testbench, the completed RC5 module was used from the previous lab.  The test bench was reduced in complexity by only programming a stimulus for the testbench.  The tester was omitted from the lab.  The function of the stimulus was to run round key generation, encryption, and then decryption.  This was done by having the stimulus provide the necessary inputs needed for each function to be performed in the RC5 module.  The testbench, by definition provides no input or output.  A plaintext of all 0s is encrypted, and the result is decrypted.  The final result should ideally be all 0s.  
Data and Observations
The testbench input the necessary inputs to the module under test to allow round keys to be generated and those round keys were used to encrypt the plaintext word.  The result of performing the encryption portion in the testbench is shown in the function simulation below.
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As can be seen in the function simulation, the encryption resulted in a cipher text of EEDBA5216D8F4B15.  This result was then decrypted resulting in the original plaintext of 0000000000000000.  The timing simulation of the testbench can be seen below.  
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It can be seen that initially, there is some glitching due to delay at the start of the run of the testbench totaling 30 ns.  Some delay is also present in dout whenever the value changes.  
According to the timing and area reports the following components on the chip were utilized in the RC5 module.  

Number of Slices:                    2047  out of  12288    16%  

 Number of Slice Flip Flops:          1224  out of  24576     4%  

 Number of 4 input LUTs:              3891  out of  24576    15%  

 Number of bonded IOBs:                198  out of    408    48%  

 Number of GCLKs:                        1  out of      4    25%  

According to the timing report, the total delay present in the design is 15.859 nanoseconds, through 3 levels of logic, with 49.7% of the time spent on logic, and 50.3% spent on route.  The total size of the program was 146340 kilobytes.  


This must be observed through the rc5 module since area and timing reports are not available for the testbench.

AREA AND TIMING REPORTS
Release 5.2i - xst F.28

Copyright (c) 1995-2002 Xilinx, Inc.  All rights reserved.

--> Parameter TMPDIR set to __projnav

CPU : 0.00 / 1.51 s | Elapsed : 0.00 / 2.00 s

--> Parameter xsthdpdir set to ./xst

CPU : 0.00 / 1.51 s | Elapsed : 0.00 / 2.00 s

--> Reading design: rc5.prj
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=========================================================================

*                      Synthesis Options Summary                        *

=========================================================================

---- Source Parameters

Input File Name                    : rc5.prj

Input Format                       : VHDL

Ignore Synthesis Constraint File   : NO

---- Target Parameters

Output File Name                   : rc5

Output Format                      : NGC

Target Device                      : xcv1000-4bg560

---- Source Options

Entity Name                        : rc5

Automatic FSM Extraction           : YES

FSM Encoding Algorithm             : Auto

RAM Extraction                     : Yes

RAM Style                          : Auto

ROM Extraction                     : Yes

ROM Style                          : Auto

Mux Extraction                     : YES

Mux Style                          : Auto

Decoder Extraction                 : YES

Priority Encoder Extraction        : YES

Shift Register Extraction          : YES

Logical Shifter Extraction         : YES

XOR Collapsing                     : YES

Resource Sharing                   : YES

Complex Clock Enable Extraction    : YES

Multiplier Style                   : lut

Automatic Register Balancing       : No

---- Target Options

Add IO Buffers                     : YES

Global Maximum Fanout              : 100

Add Generic Clock Buffer(BUFG)     : 4

Register Duplication               : YES

Equivalent register Removal        : YES

Slice Packing                      : YES

Pack IO Registers into IOBs        : auto

---- General Options

Optimization Criterion             : Speed

Optimization Effort                : 1

Keep Hierarchy                     : NO

Global Optimization                : AllClockNets

RTL Output                         : Yes

Write Timing Constraints           : NO

Hierarchy Separator                : _

Bus Delimiter                      : <>

Case Specifier                     : lower

Top module area constraint         : 100

Top module allowed area overflow   : 5

---- Other Options

read_cores                         : YES

cross_clock_analysis               : NO

=========================================================================

=========================================================================

*                          HDL Compilation                              *

=========================================================================

Compiling vhdl file C:/win32/projnav/testbench/../../rc5_pkg.vhd in Library work.

Compiling vhdl file C:/win32/projnav/testbench/../../key_exp.vhd in Library work.

Entity <key_exp> (Architecture <kgen>) compiled.

Compiling vhdl file C:/win32/projnav/testbench/../../rc5_enc.vhd in Library work.

Entity <rc5_enc> (Architecture <rtl>) compiled.

Compiling vhdl file C:/win32/projnav/testbench/../../rc5_dec.vhd in Library work.

Entity <rc5_dec> (Architecture <rtl>) compiled.

Compiling vhdl file C:/win32/projnav/testbench/../../rc5.vhd in Library work.

Entity <rc5> (Architecture <struct>) compiled.

=========================================================================

*                            HDL Analysis                               *

=========================================================================

Analyzing Entity <rc5> (Architecture <struct>).

Entity <rc5> analyzed. Unit <rc5> generated.

Analyzing Entity <key_exp> (Architecture <kgen>).

WARNING:Xst:790 - C:/win32/projnav/testbench/../../key_exp.vhd line 38: Index value(s) does not match array range, simulation mismatch.

WARNING:Xst:790 - C:/win32/projnav/testbench/../../key_exp.vhd line 189: Index value(s) does not match array range, simulation mismatch.

Entity <key_exp> analyzed. Unit <key_exp> generated.

Analyzing Entity <rc5_enc> (Architecture <rtl>).

WARNING:Xst:790 - C:/win32/projnav/testbench/../../rc5_enc.vhd line 95: Index value(s) does not match array range, simulation mismatch.

WARNING:Xst:790 - C:/win32/projnav/testbench/../../rc5_enc.vhd line 136: Index value(s) does not match array range, simulation mismatch.

Entity <rc5_enc> analyzed. Unit <rc5_enc> generated.

Analyzing Entity <rc5_dec> (Architecture <rtl>).

WARNING:Xst:790 - C:/win32/projnav/testbench/../../rc5_dec.vhd line 60: Index value(s) does not match array range, simulation mismatch.

WARNING:Xst:790 - C:/win32/projnav/testbench/../../rc5_dec.vhd line 99: Index value(s) does not match array range, simulation mismatch.

WARNING:Xst:819 - C:/win32/projnav/testbench/../../rc5_dec.vhd line 140: The following signals are missing in the process sensitivity list:

   dec_readin, din<63>, din<62>, din<61>, din<60>, din<59>, din<58>, din<57>, din<56>, din<55>, din<54>, din<53>, din<52>, din<51>, din<50>, din<49>, din<48>, din<47>, din<46>, din<45>, din<44>, din<43>, din<42>, din<41>, din<40>, din<39>, din<38>, din<37>, din<36>, din<35>, din<34>, din<33>, din<32>.

WARNING:Xst:819 - C:/win32/projnav/testbench/../../rc5_dec.vhd line 149: The following signals are missing in the process sensitivity list:

   dec_readin, din<31>, din<30>, din<29>, din<28>, din<27>, din<26>, din<25>, din<24>, din<23>, din<22>, din<21>, din<20>, din<19>, din<18>, din<17>, din<16>, din<15>, din<14>, din<13>, din<12>, din<11>, din<10>, din<9>, din<8>, din<7>, din<6>, din<5>, din<4>, din<3>, din<2>, din<1>, din<0>.

WARNING:Xst:819 - C:/win32/projnav/testbench/../../rc5_dec.vhd line 158: The following signals are missing in the process sensitivity list:

   key_rdy.

Entity <rc5_dec> analyzed. Unit <rc5_dec> generated.

=========================================================================

*                           HDL Synthesis                               *

=========================================================================

Synthesizing Unit <rc5_dec>.

    Related source file is C:/win32/projnav/testbench/../../rc5_dec.vhd.

    Found finite state machine <FSM_0> for signal <state>.

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

    | States             | 3                                              |

    | Transitions        | 8                                              |

    | Inputs             | 5                                              |

    | Outputs            | 4                                              |

    | Reset type         | asynchronous                                   |

    | Encoding           | automatic                                      |

    | State register     | d  flip-flops                                  |

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

    Found 32-bit 26-to-1 multiplexer for signal <$n0003> created at line 99.

    Found 4-bit subtractor for signal <$n0041> created at line 188.

    Found 32-bit xor2 for signal <a>.

    Found 32-bit subtractor for signal <a_post>.

    Found 32-bit register for signal <a_reg>.

    Found 32-bit shifter rotate right for signal <a_rot>.

    Found 32-bit subtractor for signal <askey_minus>.

    Found 32-bit xor2 for signal <b>.

    Found 32-bit subtractor for signal <b_post>.

    Found 32-bit register for signal <b_reg>.

    Found 32-bit shifter rotate right for signal <b_rot>.

    Found 32-bit subtractor for signal <bskey_minus>.

    Found 4-bit register for signal <i_cnt>.

    Found 64 1-bit 2-to-1 multiplexers.

    Summary:


inferred   1 Finite State Machine(s).


inferred   5 Adder/Subtracter(s).


inferred  32 Multiplexer(s).


inferred   2 Combinational logic shifter(s).

Unit <rc5_dec> synthesized.

Synthesizing Unit <rc5_enc>.

    Related source file is C:/win32/projnav/testbench/../../rc5_enc.vhd.

    Found finite state machine <FSM_1> for signal <state>.

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

    | States             | 4                                              |

    | Transitions        | 8                                              |

    | Inputs             | 4                                              |

    | Outputs            | 4                                              |

    | Reset type         | asynchronous                                   |

    | Encoding           | automatic                                      |

    | State register     | d  flip-flops                                  |

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

    Found 32-bit 26-to-1 multiplexer for signal <$n0001> created at line 95.

    Found 32-bit adder for signal <a>.

    Found 32-bit adder for signal <a_pre>.

    Found 32-bit register for signal <a_reg>.

    Found 32-bit shifter rotate left for signal <a_rot>.

    Found 32-bit xor2 for signal <ab_xor>.

    Found 32-bit adder for signal <b>.

    Found 32-bit adder for signal <b_pre>.

    Found 32-bit register for signal <b_reg>.

    Found 32-bit shifter rotate left for signal <b_rot>.

    Found 32-bit xor2 for signal <ba_xor>.

    Found 4-bit up counter for signal <i_cnt>.

    Summary:


inferred   1 Finite State Machine(s).


inferred   1 Counter(s).


inferred  64 D-type flip-flop(s).


inferred   4 Adder/Subtracter(s).


inferred  32 Multiplexer(s).


inferred   2 Combinational logic shifter(s).

Unit <rc5_enc> synthesized.

Synthesizing Unit <key_exp>.

    Related source file is C:/win32/projnav/testbench/../../key_exp.vhd.

    Found finite state machine <FSM_2> for signal <state>.

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

    | States             | 4                                              |

    | Transitions        | 7                                              |

    | Inputs             | 2                                              |

    | Outputs            | 41                                             |

    | Reset type         | asynchronous                                   |

    | Encoding           | automatic                                      |

    | State register     | d  flip-flops                                  |

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

    Found 1-bit register for signal <key_rdy>.

    Found 32-bit 26-to-1 multiplexer for signal <$n0004> created at line 38.

    Found 32-bit 4-to-1 multiplexer for signal <$n0005> created at line 45.

    Found 32-bit adder for signal <$n0049>.

    Found 32-bit register for signal <a_reg>.

    Found 32-bit adder for signal <a_tmp1>.

    Found 32-bit adder for signal <ab_tmp>.

    Found 32-bit register for signal <b_reg>.

    Found 32-bit adder for signal <b_tmp1>.

    Found 32-bit shifter rotate left for signal <b_tmp2>.

    Found 5-bit up counter for signal <i_cnt>.

    Found 2-bit up counter for signal <j_cnt>.

    Found 7-bit up counter for signal <k_cnt>.

    Found 128-bit register for signal <l_arr>.

    Found 832-bit register for signal <s_arr_tmp>.

    Found 128 1-bit 2-to-1 multiplexers.

    Summary:


inferred   1 Finite State Machine(s).


inferred   3 Counter(s).


inferred 193 D-type flip-flop(s).


inferred   4 Adder/Subtracter(s).


inferred  64 Multiplexer(s).


inferred   1 Combinational logic shifter(s).

Unit <key_exp> synthesized.

Synthesizing Unit <rc5>.

    Related source file is C:/win32/projnav/testbench/../../rc5.vhd.

    Found 65 1-bit 2-to-1 multiplexers.

Unit <rc5> synthesized.

=========================================================================

HDL Synthesis Report

Macro Statistics

# FSMs                             : 3

# Registers                        : 38

  32-bit register                  : 36

  4-bit register                   : 1

  1-bit register                   : 1

# Counters                         : 4

  4-bit up counter                 : 1

  5-bit up counter                 : 1

  2-bit up counter                 : 1

  7-bit up counter                 : 1

# Multiplexers                     : 12

  32-bit 26-to-1 multiplexer       : 3

  2-to-1 multiplexer               : 8

  32-bit 4-to-1 multiplexer        : 1

# Logic shifters                   : 5

  32-bit shifter rotate right      : 2

  32-bit shifter rotate left       : 3

# Adders/Subtractors               : 13

  32-bit subtractor                : 4

  4-bit subtractor                 : 1

  32-bit adder                     : 8

# Xors                             : 4

  32-bit xor2                      : 4

=========================================================================

Optimizing FSM <FSM_2> with One-Hot encoding and d flip-flops.

Optimizing FSM <FSM_1> with One-Hot encoding and d flip-flops.

Optimizing FSM <FSM_0> with One-Hot encoding and d flip-flops.

=========================================================================

*                         Low Level Synthesis                           *

=========================================================================

Library "C:/Xilinx/data/librtl.xst" Consulted

Optimizing unit <rc5> ...

Optimizing unit <rc5_dec> ...

Optimizing unit <key_exp> ...

Optimizing unit <rc5_enc> ...

Mapping all equations...

Loading device for application Xst from file 'v1000.nph' in environment C:/Xilinx.

Building and optimizing final netlist ...

Found area constraint ratio of 100 (+ 5) on block rc5, actual ratio is 18.

FlipFlop u1_i_cnt_0 has been replicated 21 time(s)

FlipFlop u1_b_reg_0 has been replicated 3 time(s)

FlipFlop u1_i_cnt_2 has been replicated 1 time(s)

FlipFlop u1_i_cnt_1 has been replicated 1 time(s)

FlipFlop u1_i_cnt_4 has been replicated 1 time(s)

FlipFlop u1_i_cnt_1 has been replicated 1 time(s)

FlipFlop u1_i_cnt_2 has been replicated 1 time(s)

FlipFlop u1_i_cnt_3 has been replicated 1 time(s)

FlipFlop u1_i_cnt_4 has been replicated 1 time(s)

FlipFlop u1_i_cnt_2 has been replicated 1 time(s)

FlipFlop u1_i_cnt_1 has been replicated 1 time(s)

FlipFlop u2_b_reg_1 has been replicated 1 time(s)

FlipFlop u1_state_FFD3 has been replicated 1 time(s)

FlipFlop u1_state_FFD2 has been replicated 2 time(s)

FlipFlop u2_state_FFD3 has been replicated 1 time(s)

=========================================================================

*                            Final Report                               *

=========================================================================

Final Results

RTL Top Level Output File Name     : rc5.ngr

Top Level Output File Name         : rc5

Output Format                      : NGC

Optimization Criterion             : Speed

Keep Hierarchy                     : NO

Macro Generator                    : macro+

Design Statistics

# IOs                              : 199

Macro Statistics :

# Registers                        : 137

#      1-bit register              : 129

#      32-bit register             : 8

# Counters                         : 1

#      5-bit up counter            : 1

# Multiplexers                     : 4

#      32-bit 26-to-1 multiplexer  : 3

#      32-bit 4-to-1 multiplexer   : 1

# Logic shifters                   : 5

#      32-bit shifter rotate left  : 3

#      32-bit shifter rotate right : 2

# Adders/Subtractors               : 16

#      32-bit adder                : 8

#      32-bit subtractor           : 4

#      4-bit adder                 : 3

#      4-bit subtractor            : 1

Cell Usage :

# BELS                             : 6133

#      BUF                         : 3

#      GND                         : 1

#      LUT1                        : 29

#      LUT2                        : 341

#      LUT2_D                      : 14

#      LUT2_L                      : 144

#      LUT3                        : 826

#      LUT3_D                      : 28

#      LUT3_L                      : 84

#      LUT4                        : 1883

#      LUT4_D                      : 18

#      LUT4_L                      : 524

#      MUXCY                       : 1474

#      MUXF5                       : 369

#      VCC                         : 1

#      XORCY                       : 394

# FlipFlops/Latches                : 1224

#      FDC                         : 80

#      FDCE                        : 624

#      FDCPE                       : 99

#      FDP                         : 5

#      FDPE                        : 416

# Clock Buffers                    : 1

#      BUFGP                       : 1

# IO Buffers                       : 198

#      IBUF                        : 133

#      OBUF                        : 65

=========================================================================

Device utilization summary:

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

Selected Device : v1000bg560-4 

 Number of Slices:                    2047  out of  12288    16%  

 Number of Slice Flip Flops:          1224  out of  24576     4%  

 Number of 4 input LUTs:              3891  out of  24576    15%  

 Number of bonded IOBs:                198  out of    408    48%  

 Number of GCLKs:                        1  out of      4    25%  

=========================================================================

TIMING REPORT

NOTE: THESE TIMING NUMBERS ARE ONLY A SYNTHESIS ESTIMATE.

      FOR ACCURATE TIMING INFORMATION PLEASE REFER TO THE TRACE REPORT

      GENERATED AFTER PLACE-and-ROUTE.

Clock Information:

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

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

Clock Signal                       | Clock buffer(FF name)  | Load  |

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

clk                                | BUFGP                  | 1224  |

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

Timing Summary:

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

Speed Grade: -4

   Minimum period: 51.961ns (Maximum Frequency: 19.245MHz)

   Minimum input arrival time before clock: 20.798ns

   Maximum output required time after clock: 18.960ns

   Maximum combinational path delay: 14.859ns

Timing Detail:

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

All values displayed in nanoseconds (ns)

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

Timing constraint: Default period analysis for Clock 'clk'

Delay:               51.961ns (Levels of Logic = 60)

  Source:            u1_i_cnt_3

  Destination:       u1_l_arr_0_29

  Source Clock:      clk rising

  Destination Clock: clk rising

  Data Path: u1_i_cnt_3 to u1_l_arr_0_29

                                Gate     Net

    Cell:in->out      fanout   Delay   Delay  Logical Name (Net Name)

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

     FDCPE:c->q           15   1.372   2.970  u1_i_cnt_3 (u1_i_cnt_3)

     LUT4:i2->o           16   0.738   3.080  u1_mmux__n0004_inst_lut4_4301 (u1_mmux__n0004_inst_lut4_430)

     LUT4_L:I0->LO         1   0.738   0.000  u1_mmux__n0004_inst_lut4_4431 (u1_mmux__n0004_inst_lut4_443)

     MUXCY:s->o            1   0.842   0.000  u1_mmux__n0004_inst_cy_417 (u1_mmux__n0004_inst_cy_417)

     MUXCY:ci->o           1   0.057   0.000  u1_mmux__n0004_inst_cy_418 (u1_mmux__n0004_inst_cy_418)

     MUXCY:ci->o           1   0.057   0.000  u1_mmux__n0004_inst_cy_419 (u1_mmux__n0004_inst_cy_419)

     MUXCY:ci->o           1   0.057   0.000  u1_mmux__n0004_inst_cy_420 (u1_mmux__n0004_inst_cy_420)

     MUXCY:ci->o           1   0.057   0.000  u1_mmux__n0004_inst_cy_421 (u1_mmux__n0004_inst_cy_421)

     MUXCY:ci->o           1   0.057   0.000  u1_mmux__n0004_inst_cy_422 (u1_mmux__n0004_inst_cy_422)

     MUXCY:ci->o           1   0.057   0.000  u1_mmux__n0004_inst_cy_423 (u1_mmux__n0004_inst_cy_423)

     MUXCY:ci->o           1   0.057   0.000  u1_mmux__n0004_inst_cy_424 (u1_mmux__n0004_inst_cy_424)

     MUXCY:ci->o           1   0.057   0.000  u1_mmux__n0004_inst_cy_425 (u1_mmux__n0004_inst_cy_425)

     MUXCY:ci->o           1   0.057   0.000  u1_mmux__n0004_inst_cy_426 (u1_mmux__n0004_inst_cy_426)

     MUXCY:ci->o           1   0.057   0.000  u1_mmux__n0004_inst_cy_427 (u1_mmux__n0004_inst_cy_427)

     MUXCY:ci->o           4   0.057   1.760  u1_mmux__n0004_inst_cy_428 (u1__n0004<0>)

     LUT2_L:I0->LO         1   0.738   0.000  u1_madd__n0049_inst_lut2_471 (u1_madd__n0049_inst_lut2_47)

     MUXCY:s->o            1   0.842   0.000  u1_madd__n0049_inst_cy_47 (u1_madd__n0049_inst_cy_47)

     XORCY:ci->o           1   0.538   1.265  u1_madd__n0049_inst_sum_48 (u1__n0049<1>)

     LUT2_L:I1->LO         1   0.738   0.000  u1_madd_a_tmp1_inst_lut2_481 (u1_madd_a_tmp1_inst_lut2_48)

     MUXCY:s->o            1   0.842   0.000  u1_madd_a_tmp1_inst_cy_48 (u1_madd_a_tmp1_inst_cy_48)

     MUXCY:ci->o           1   0.057   0.000  u1_madd_a_tmp1_inst_cy_49 (u1_madd_a_tmp1_inst_cy_49)

     MUXCY:ci->o           1   0.057   0.000  u1_madd_a_tmp1_inst_cy_50 (u1_madd_a_tmp1_inst_cy_50)

     MUXCY:ci->o           1   0.057   0.000  u1_madd_a_tmp1_inst_cy_51 (u1_madd_a_tmp1_inst_cy_51)

     MUXCY:ci->o           1   0.057   0.000  u1_madd_a_tmp1_inst_cy_52 (u1_madd_a_tmp1_inst_cy_52)

     MUXCY:ci->o           1   0.057   0.000  u1_madd_a_tmp1_inst_cy_53 (u1_madd_a_tmp1_inst_cy_53)

     MUXCY:ci->o           1   0.057   0.000  u1_madd_a_tmp1_inst_cy_54 (u1_madd_a_tmp1_inst_cy_54)

     MUXCY:ci->o           1   0.057   0.000  u1_madd_a_tmp1_inst_cy_55 (u1_madd_a_tmp1_inst_cy_55)

     MUXCY:ci->o           1   0.057   0.000  u1_madd_a_tmp1_inst_cy_56 (u1_madd_a_tmp1_inst_cy_56)

     MUXCY:ci->o           1   0.057   0.000  u1_madd_a_tmp1_inst_cy_57 (u1_madd_a_tmp1_inst_cy_57)

     MUXCY:ci->o           1   0.057   0.000  u1_madd_a_tmp1_inst_cy_58 (u1_madd_a_tmp1_inst_cy_58)

     MUXCY:ci->o           1   0.057   0.000  u1_madd_a_tmp1_inst_cy_59 (u1_madd_a_tmp1_inst_cy_59)

     MUXCY:ci->o           1   0.057   0.000  u1_madd_a_tmp1_inst_cy_60 (u1_madd_a_tmp1_inst_cy_60)

     MUXCY:ci->o           1   0.057   0.000  u1_madd_a_tmp1_inst_cy_61 (u1_madd_a_tmp1_inst_cy_61)

     MUXCY:ci->o           1   0.057   0.000  u1_madd_a_tmp1_inst_cy_62 (u1_madd_a_tmp1_inst_cy_62)

     MUXCY:ci->o           1   0.057   0.000  u1_madd_a_tmp1_inst_cy_63 (u1_madd_a_tmp1_inst_cy_63)

     MUXCY:ci->o           1   0.057   0.000  u1_madd_a_tmp1_inst_cy_64 (u1_madd_a_tmp1_inst_cy_64)

     MUXCY:ci->o           1   0.057   0.000  u1_madd_a_tmp1_inst_cy_65 (u1_madd_a_tmp1_inst_cy_65)

     MUXCY:ci->o           1   0.057   0.000  u1_madd_a_tmp1_inst_cy_66 (u1_madd_a_tmp1_inst_cy_66)

     MUXCY:ci->o           1   0.057   0.000  u1_madd_a_tmp1_inst_cy_67 (u1_madd_a_tmp1_inst_cy_67)

     MUXCY:ci->o           1   0.057   0.000  u1_madd_a_tmp1_inst_cy_68 (u1_madd_a_tmp1_inst_cy_68)

     MUXCY:ci->o           1   0.057   0.000  u1_madd_a_tmp1_inst_cy_69 (u1_madd_a_tmp1_inst_cy_69)

     MUXCY:ci->o           1   0.057   0.000  u1_madd_a_tmp1_inst_cy_70 (u1_madd_a_tmp1_inst_cy_70)

     MUXCY:ci->o           1   0.057   0.000  u1_madd_a_tmp1_inst_cy_71 (u1_madd_a_tmp1_inst_cy_71)

     MUXCY:ci->o           1   0.057   0.000  u1_madd_a_tmp1_inst_cy_72 (u1_madd_a_tmp1_inst_cy_72)

     MUXCY:ci->o           1   0.057   0.000  u1_madd_a_tmp1_inst_cy_73 (u1_madd_a_tmp1_inst_cy_73)

     MUXCY:ci->o           1   0.057   0.000  u1_madd_a_tmp1_inst_cy_74 (u1_madd_a_tmp1_inst_cy_74)

     MUXCY:ci->o           1   0.057   0.000  u1_madd_a_tmp1_inst_cy_75 (u1_madd_a_tmp1_inst_cy_75)

     XORCY:ci->o          85   0.538   7.095  u1_madd_a_tmp1_inst_sum_76 (u1_a_tmp1<29>)

     LUT2_D:I1->LO         1   0.738   0.000  u1_madd_ab_tmp_inst_lut2_471 (N97046)

     MUXCY:s->o            1   0.842   0.000  u1_madd_ab_tmp_inst_cy_47 (u1_madd_ab_tmp_inst_cy_47)

     XORCY:ci->o          65   0.538   5.995  u1_madd_ab_tmp_inst_sum_48 (u1_ab_tmp<1>)

     LUT2_L:I0->LO         1   0.738   0.000  u1_madd_b_tmp1_inst_lut2_481 (u1_madd_b_tmp1_inst_lut2_48)

     XORCY:li->o           4   0.433   1.760  u1_madd_b_tmp1_inst_sum_48 (u1_b_tmp1<1>)

     LUT4:i2->o            3   0.738   1.628  lut_359991408 (u1_mshift_b_tmp2_sh1)

     LUT4:i3->o            1   0.738   0.000  u1_ker5595411_f (n95826)

     MUXF5:i0->o           4   0.562   1.760  u1_ker5595411 (u1_n55956)

     LUT4:i1->o            1   0.738   1.265  u1_ker557621_sw1 (u1_mshift_b_tmp2_sh310)

     LUT3_D:I1->O          1   0.738   1.265  u1_mshift_b_tmp2_sh371 (u1_mshift_b_tmp2_sh37)

     LUT3_D:I2->O         10   0.738   2.420  u1_ker559141 (u1_n55916)

     LUT4:i2->o            1   0.738   0.000  u1_mmux__n0042_i2_result11_f (n94771)

     MUXF5:i0->o           1   0.562   0.000  u1_mmux__n0042_i2_result11 (u1__n0042<29>)

     FDCE:d                    0.765          u1_l_arr_0_29

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

    Total                     51.961ns (19.698ns logic, 32.263ns route)

                                       (37.9% logic, 62.1% route)

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

Timing constraint: Default OFFSET IN BEFORE for Clock 'clk'

Offset:              20.798ns (Levels of Logic = 4)

  Source:            dec_readin

  Destination:       u3_state_ffd2

  Destination Clock: clk rising

  Data Path: dec_readin to u3_state_ffd2

                                Gate     Net

    Cell:in->out      fanout   Delay   Delay  Logical Name (Net Name)

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

     IBUF:i->o            97   0.989   7.755  dec_readin_ibuf (dec_readin_ibuf)

     BUF:i->o             98   0.738   7.810  dec_readin_ibuf_1 (dec_readin_ibuf_1)

     LUT4:i3->o            1   0.738   1.265  u3_state_xx_ffd2_sw0 (n82076)

     LUT4:i1->o            1   0.738   0.000  u3_state_xx_ffd2 (u3_state_xx_ffd2)

     FDC:d                     0.765          u3_state_ffd2

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

    Total                     20.798ns (3.968ns logic, 16.830ns route)

                                       (19.1% logic, 80.9% route)

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

Timing constraint: Default OFFSET OUT AFTER for Clock 'clk'

Offset:              18.960ns (Levels of Logic = 35)

  Source:            u3_a_reg_0_0

  Destination:       dout<63>

  Source Clock:      clk rising

  Data Path: u3_a_reg_0_0 to dout<63>

                                Gate     Net

    Cell:in->out      fanout   Delay   Delay  Logical Name (Net Name)

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

     FDCPE:c->q           44   1.372   4.840  u3_a_reg_0_0 (u3_a_reg_0_0)

     LUT2:i0->o            1   0.738   0.000  u3_msub_a_post_inst_lut2_151 (u3_msub_a_post_inst_lut2_15)

     MUXCY:s->o            1   0.842   0.000  u3_msub_a_post_inst_cy_15 (u3_msub_a_post_inst_cy_15)

     MUXCY:ci->o           1   0.057   0.000  u3_msub_a_post_inst_cy_16 (u3_msub_a_post_inst_cy_16)

     MUXCY:ci->o           1   0.057   0.000  u3_msub_a_post_inst_cy_17 (u3_msub_a_post_inst_cy_17)

     MUXCY:ci->o           1   0.057   0.000  u3_msub_a_post_inst_cy_18 (u3_msub_a_post_inst_cy_18)

     MUXCY:ci->o           1   0.057   0.000  u3_msub_a_post_inst_cy_19 (u3_msub_a_post_inst_cy_19)

     MUXCY:ci->o           1   0.057   0.000  u3_msub_a_post_inst_cy_20 (u3_msub_a_post_inst_cy_20)

     MUXCY:ci->o           1   0.057   0.000  u3_msub_a_post_inst_cy_21 (u3_msub_a_post_inst_cy_21)

     MUXCY:ci->o           1   0.057   0.000  u3_msub_a_post_inst_cy_22 (u3_msub_a_post_inst_cy_22)

     MUXCY:ci->o           1   0.057   0.000  u3_msub_a_post_inst_cy_23 (u3_msub_a_post_inst_cy_23)

     MUXCY:ci->o           1   0.057   0.000  u3_msub_a_post_inst_cy_24 (u3_msub_a_post_inst_cy_24)

     MUXCY:ci->o           1   0.057   0.000  u3_msub_a_post_inst_cy_25 (u3_msub_a_post_inst_cy_25)

     MUXCY:ci->o           1   0.057   0.000  u3_msub_a_post_inst_cy_26 (u3_msub_a_post_inst_cy_26)

     MUXCY:ci->o           1   0.057   0.000  u3_msub_a_post_inst_cy_27 (u3_msub_a_post_inst_cy_27)

     MUXCY:ci->o           1   0.057   0.000  u3_msub_a_post_inst_cy_28 (u3_msub_a_post_inst_cy_28)

     MUXCY:ci->o           1   0.057   0.000  u3_msub_a_post_inst_cy_29 (u3_msub_a_post_inst_cy_29)

     MUXCY:ci->o           1   0.057   0.000  u3_msub_a_post_inst_cy_30 (u3_msub_a_post_inst_cy_30)

     MUXCY:ci->o           1   0.057   0.000  u3_msub_a_post_inst_cy_31 (u3_msub_a_post_inst_cy_31)

     MUXCY:ci->o           1   0.057   0.000  u3_msub_a_post_inst_cy_32 (u3_msub_a_post_inst_cy_32)

     MUXCY:ci->o           1   0.057   0.000  u3_msub_a_post_inst_cy_33 (u3_msub_a_post_inst_cy_33)

     MUXCY:ci->o           1   0.057   0.000  u3_msub_a_post_inst_cy_34 (u3_msub_a_post_inst_cy_34)

     MUXCY:ci->o           1   0.057   0.000  u3_msub_a_post_inst_cy_35 (u3_msub_a_post_inst_cy_35)

     MUXCY:ci->o           1   0.057   0.000  u3_msub_a_post_inst_cy_36 (u3_msub_a_post_inst_cy_36)

     MUXCY:ci->o           1   0.057   0.000  u3_msub_a_post_inst_cy_37 (u3_msub_a_post_inst_cy_37)

     MUXCY:ci->o           1   0.057   0.000  u3_msub_a_post_inst_cy_38 (u3_msub_a_post_inst_cy_38)

     MUXCY:ci->o           1   0.057   0.000  u3_msub_a_post_inst_cy_39 (u3_msub_a_post_inst_cy_39)

     MUXCY:ci->o           1   0.057   0.000  u3_msub_a_post_inst_cy_40 (u3_msub_a_post_inst_cy_40)

     MUXCY:ci->o           1   0.057   0.000  u3_msub_a_post_inst_cy_41 (u3_msub_a_post_inst_cy_41)

     MUXCY:ci->o           1   0.057   0.000  u3_msub_a_post_inst_cy_42 (u3_msub_a_post_inst_cy_42)

     MUXCY:ci->o           1   0.057   0.000  u3_msub_a_post_inst_cy_43 (u3_msub_a_post_inst_cy_43)

     MUXCY:ci->o           1   0.057   0.000  u3_msub_a_post_inst_cy_44 (u3_msub_a_post_inst_cy_44)

     MUXCY:ci->o           0   0.057   0.000  u3_msub_a_post_inst_cy_45 (u3_msub_a_post_inst_cy_45)

     XORCY:ci->o           1   0.538   1.265  u3_msub_a_post_inst_sum_46 (_n0079<63>)

     LUT3:i1->o            1   0.738   1.265  mmux_dout_i0_result1 (dout_63_obuf)

     OBUF:i->o                 5.652          dout_63_obuf (dout<63>)

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

    Total                     18.960ns (11.590ns logic, 7.370ns route)

                                       (61.1% logic, 38.9% route)

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

Timing constraint: Default path analysis

Delay:               14.859ns (Levels of Logic = 3)

  Source:            enc

  Destination:       dout<0>

  Data Path: enc to dout<0>

                                Gate     Net

    Cell:in->out      fanout   Delay   Delay  Logical Name (Net Name)

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

     IBUF:i->o            69   0.989   6.215  enc_ibuf (enc_ibuf)

     LUT3:i0->o            1   0.738   1.265  mmux_dout_i63_result1 (dout_0_obuf)

     OBUF:i->o                 5.652          dout_0_obuf (dout<0>)

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

    Total                     14.859ns (7.379ns logic, 7.480ns route)

                                       (49.7% logic, 50.3% route)

=========================================================================

CPU : 422.42 / 424.26 s | Elapsed : 422.00 / 424.00 s

--> 

Total memory usage is 146340 kilobytes

STIMULUS.VHD
-- stimulus.vhd

LIBRARY IEEE;

USE IEEE.STD_LOGIC_1164.ALL;

USE IEEE.STD_LOGIC_TEXTIO.ALL;

ENTITY stimulus IS

PORT(


clr
: OUT STD_LOGIC;


clk
: OUT STD_LOGIC;


enc
: OUT STD_LOGIC;


key_vld
: OUT STD_LOGIC;


data_vld: OUT STD_LOGIC;


din 
: OUT STD_LOGIC_VECTOR(127 DOWNTO 0);


dec_readin: OUT STD_LOGIC

);

END stimulus;

ARCHITECTURE sti_arch OF stimulus IS


SIGNAL       clk_tmp : STD_LOGIC;


CONSTANT  ClkPeriod : Time := 100 ns;

BEGIN

  sti_clr: PROCESS

  BEGIN


clr<='0';


WAIT FOR 200 ns;


clr<='1';


WAIT;

  END PROCESS; 

--  start<='1', '0' AFTER 300 ns, '1' AFTER 350 ns, '0' AFTER 850 ns;

  sti_clk: PROCESS

  BEGIN


clk_tmp<='0';


LOOP


WAIT FOR (ClkPeriod/2);   


clk_tmp<=NOT clk_tmp;


END LOOP;

  END PROCESS;

  clk<=clk_tmp;

  sti_din: PROCESS

  BEGIN


din<=X"00000000000000000000000000000000";  


WAIT FOR 6000 ns;


din<=X"00000000000000000000000000000000";  


WAIT FOR 3500 ns;


din<=X"0000000000000000EEDBA5216D8F4B15";


WAIT;

  END PROCESS;

  sti_enc: PROCESS

  BEGIN

  
enc<='1';

  
WAIT FOR 10800 ns;

  
enc<='0';

  
WAIT;

  END PROCESS;

  sti_dec_readin: PROCESS

  BEGIN

  
dec_readin<='0';

  
WAIT FOR 10500 ns;

  
dec_readin<='1';

  
WAIT FOR 300 ns;

  
dec_readin<='0';

  
WAIT;

  END PROCESS;

  sti_key_vld: PROCESS

  BEGIN

  
key_vld<='0';

  
WAIT FOR 300 ns;

  
key_vld<='1';

  
WAIT FOR 7700 ns;

  
key_vld<='0';

  
WAIT;

  END PROCESS;

  sti_data_vld: PROCESS

  BEGIN

  
data_vld<='0';

  
WAIT FOR 6000 ns;

  
data_vld<='1';

  
WAIT;

  END PROCESS;


END sti_arch;
TESTBENCH.VHD

-- testbench.vhd

LIBRARY IEEE;

USE IEEE.STD_LOGIC_1164.ALL;

USE IEEE.STD_LOGIC_TEXTIO.ALL;

USE STD.TEXTIO.ALL;

ENTITY testbench IS -- No I/O signals defined

END testbench;

ARCHITECTURE tb_arch OF testbench IS

-- component declarations

-- rc5_enc

COMPONENT rc5

PORT

(


clr, clk: IN STD_LOGIC;


enc: IN STD_LOGIC; --Encryption or decryption?


key_vld: IN STD_LOGIC; --Indicate the input is user key


din: IN STD_LOGIC_VECTOR(127 downto 0); --???


data_vld: IN STD_LOGIC; --Indicate the input is user data


dout: OUT STD_LOGIC_VECTOR(63 downto 0); --???


data_rdy: OUT STD_LOGIC; --Indicate the output data is ready


dec_readin: IN STD_LOGIC

);

END COMPONENT;


-- stimulus

COMPONENT stimulus

PORT   

(


clr
: OUT STD_LOGIC;


clk
: OUT STD_LOGIC;


enc
: OUT STD_LOGIC;


key_vld
: OUT STD_LOGIC;


data_vld: OUT STD_LOGIC;


din 
: OUT STD_LOGIC_VECTOR(127 DOWNTO 0);


dec_readin: OUT STD_LOGIC

);

END COMPONENT;

-- tester

--COMPONENT tester

-- PORT(

--
dout : IN STD_LOGIC_VECTOR(63 DOWNTO 0)

--);

-- END COMPONENT;

-- signal declarations, used to wire the components

SIGNAL clr 

: STD_LOGIC;

SIGNAL clk 

: STD_LOGIC;

SIGNAL din 

: STD_LOGIC_VECTOR(127 DOWNTO 0);

SIGNAL dout

: STD_LOGIC_VECTOR(63 DOWNTO 0);

SIGNAL do_rdy

: STD_LOGIC;

SIGNAL enc

: STD_LOGIC;

SIGNAL key_vld

: STD_LOGIC;

SIGNAL data_vld
: STD_LOGIC;

SIGNAL data_rdy
: STD_LOGIC;

SIGNAL dec_readin: STD_LOGIC;

-- clr, clk, din, dout, etc

CONSTANT   ClkPeriod : Time:= 100 ns;

BEGIN

-- component instantiations

uut: rc5 PORT MAP(clr, clk, enc, key_vld, din, data_vld, dout, do_rdy, dec_readin);

sti: stimulus PORT MAP(clr, clk, enc, key_vld, data_vld, din, dec_readin );

--tst: tester PORT MAP(dout);

END tb_arch;

