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Lab 1



Lab 1: Data Dependent Rotations



O =(A XOR B) <<<B + SKEY



O =(A XOR B) <<<B + SKEY



Exercise 1

Simulate Left Rotate VHDL Model
Functional Simulation using ModelSim

Synthesize the Design
Perform Timing Simulation

Draw and Discuss the Synthesized Circuit
Understand use of  “select” VHDL statement



Functional Simulation

Create project folder
C:\ee4313\proj1

Save your VHDL code in project folder
leftrotate.vhd

Start ModelSim



Functional Simulation

In ModelSim console window, type 
following commands in sequence



Functional Simulation

No delay



FPGA Synthesis and 
Implementation
Start Xilinx Project Navigator



FPGA Synthesis
File->New Project…



FPGA Synthesis
Next>



FPGA Synthesis
Next>



FPGA Synthesis
Next>Simulation Model Properties



FPGA Synthesis



FPGA Synthesis

Double click

View RTL Schematic



FPGA Synthesis

Double click



FPGA Synthesis

ab_xor <= a XOR b;

WITH b(4 DOWNTO 0) SELECT
ab_rot<=ab_xor(30 DOWNTO 0) & ab_xor(31) WHEN "00001",

ab_xor(0) & ab_xor(31 DOWNTO 1) WHEN "11111",
……
ab_xor WHEN OTHERS;

o <= ab_rot + skey;

Double click



FPGA Synthesis

Double click

1-bit XOR

32-bit XOR



Timing Simulation

Make sure timing simulation models are 
successfully generated

leftrotate_sim.vhd and leftrotate_sim.sdf
sdf stands for “standard delay format”

Start ModelSim



Timing Simulation
In ModelSim console window, type in 
following commands in sequence



Timing Simulation

27 ns delay
glitches



Results

Timing – 27ns delay (from ModelSim)
Area
• Logic Utilization:  Number of 4 input LUTs:  188 out of 24,576  1%
• Logic Distribution: Number of occupied Slices: 104 out of 12288 1%
• Number of Slices containing only related logic: 104 out of 104 100%
• Number of Slices containing unrelated logic: 0 out of  104 0% 
• Number of 4 input LUTs:       188 out of 24,576    1%
• Number of bonded IOBs:            128 out of 404    31%
• Total equivalent gate count for design:  1,314



FPGA Architecture



FPGA Architecture



FPGA Architecture



Exercise 2

Modify the previous model to implement 
O=((B - SKEY) >>>A) XOR A;

Simulate the Model
Synthesize the Design
Draw and Explain the Synthesized Design


