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ab 1: Data Dependent Rotations

LIBRARY [EEE;

ILEE IEEE.STD _LOGIC_1164 ALL;

IL5E IEEE.STD_LOGIC_ILMSIGNED AL,

EMNTITY  leftrotate IS

PORT ( A N STD_LOGIC_WVECTCR(31 DCWNTC O);

b N STD_LOGIC VECTOR(31 DCWMNTO 0);
skey 1 in STD_LOGIC VECTOR(Z1 DCWMNTO 0);
0 cout STD_LOGIC_WECTOR(31 DOWNTC 0));

ErC leftrotate;

ARCHITECTILRE rtl OF leftrotate 1S
SIGNAL ab_xor  STD_LOGIC_WECTCOR(31 DOWMNTO 07
SIGHNAL ab_rot ; STD LOGIC WVECTCR(31 DCWMNTO O);
BEGIMN
ab_xor <=a ¥OR b;

WITH bi4 DOWMNTO O) SELECT
ab_rot<=ab_xor(30 DOWNTO 0 & ab_xor(31) WHEMN "00001",




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

ab_xor(29 DOWNTO 0) & ab_xor(31 DOWNTO 30) WHEN "00010",
ab_xor(28 DOWNTO 0) & ab_xor(31 DOWNTO 297 WHEN "00011",
ab_xor(27 DOWNTO 0) & ab_xor(31 DOWNTO 28) WHEN "00100",
ab_xor(26 DOWNTO 0) & ab_xor(31 DOWNTO 27) WHEN "00101",
ab_xor(25 DOWNTO 0) & ab_xor(31 DOWNTO 26) WHEN "00110",
ab_xor(24 DOWNTO 0) & ab_xor(31 DOWNTO 257 WHEN "00111",
ab_xor(23 DOWNTO 0) & ab_xor(31 DOWNTO 24) WHEN "01000",
ab_xor(22 DOWNTO 0) & ab_xor(31 DOWNTO 23) WHEN "01001",
ab_xor(21 DOWNTO 0) & ab_xor(31 DOWNTO 22) WHEN "01010",
ab_xor(20 DOWNTO 0) & ab_xor(31 DOWNTO 213 WHEN "01011",
ab_xor(19 DOWNTO 0) & ab_xor(31 DOWNTO 207 WHEN "01100",
ab_xor(18 DOWNTO 0) & ab_xor(31 DOWNTO 19) WHEN "01101",
ab_xor(17 DOWNTO 0) & ab_xor(31 DOWNTO 18) WHEN "01110",
ab_xor(16 DOWNTO 0) & ab_xor(31 DOWNTO 17) WHEN "01111",
ab_xor(15 DOWNTO 0) & ab_xor(31 DOWNTO 16) WHEN "10000",
ab_xor(14 DOWNTO 0) & ab_xor(31 DOWNTO 15) WHEN "10001",
ab_xor(13 DOWNTO 0) & ab_xor(31 DOWNTO 14) WHEN "10010",




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

ab_xor(12 DOWNTO 0) & ab_xor(31 DOWNTO 13) WHEN "10011",
ab_xor(11 DOWNTO 0) & ab_xor (31 DOWNTO 12) WHEN "10100"
ab_xor(10 DOWNTO 0) & ab_xor (31 DOWRTO 11) WHEN "10101",
ab_xor(9 DOWNTC 0) & ab_xor( 31 DOWNTO 10) WHEN "10110",
ab_xor(8 DOWMNTO 0) & ab_xor( 31 DOWNTS 9) WHER "10111",
ab_xor(7 DOWNTO 0) & ab_xor( 31 DOWNTS 8) WHER "1 1000",
ab_xor(6 DOWNTO 0) & ab_xor( 31 DOWNTO 7) WHEN "11001",
ab_xor(5 DOWNTO 0) & ab_xor( 31 DOWNTO 6) WHEN "11010",
ab_xor(4 DOWMNTO 0) & ab_xor( 31 DOWNTS S WHER "11011",
ab_xor(3 DOWNTO 0) & ab_xor( 31 DOWNTO 4) WHEN "11100",
ab_xor(2 DOWNTO 0) & ab_xor( 31 DOWNTO 3) WHEN "11101",
ab_xor(1 DOWMNTO 0) & ab_xor( 31 DOWNTS 20 WHER "11110",
ab_xor(0) & ab_xor(31 DOWNTO 1) WHEMN "11111",

ab_xor WHEN OTHERS;

o<=ab_rot + skey;
ErC rtl;




i Exercise 1

= Simulate Left Rotate VHDL Model
= Functional Simulation using ModelSim

= Synthesize the Design
= Perform Timing Simulation

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




i Functional Simulation

= Create project folder
= C:\ee4313\projl

= Save your VHDL code In project folder
=« leftrotate.vhd

s Start ModelSim




i Functional Simulation

= In ModelSim console window, type
following commands In sequence

cd {c. feed313/projl;

vlib worls — create g work library

voom lefrotate whd — “compile” vour design

vsim lefirotate — simulate your design

View wave — start waveform wiewer

add wave a b skey o — add input/out signals in the waveform viewer

— assign input signals (use hexadecimal, time unit ns)

force a 168#915FBE41 O, 168635510A0 100, 168 ABCOOE7E 200
force b 16846198251 0, 168#AS01CESL 100, 16#5265F 149 200
force skey 16#783348E7 O, 16#5AEBOFZF 100, 168#07BE169 200
nJan 300 — simulate 300ns




= wave - default
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FPGA Synthesis and
Implementation

= Start Xilinx Project Navigator
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FPGA Synthesis
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FPGA Synthesis
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FPGA Synthesis
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* FPGA Synthesis
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* FPGA Synthesis
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FPGA Synthesis

s View RTL Schematic
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FPGA Synthesis

EMNTITY  leftrotate 1S
PCRT{(a :inSTD_LOGIC WVECTOR(31 DOWNTO O);
b inSTD_LOGIC_VECTCR(31 DOWNTCS O3
skey: in STD_LOGIC_VECTOR(31 DOWNTO 0);
o out STD LOGIC_VECTOR(31 DOWNTO 0)):

EMC leftrotate;

— a<31:0>

/ — b<31:0>
Double click

— skey<31.0>

0<31:0>




FPGA Synthesis

/ Double click
I m SHIFT
\\ .
/ circular
bid:0 / Seill<3110-

ab_xor <= a XOR b;

0 <= ab_rot + skey;

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;




i FPGA Synthesis
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i Timing Simulation

= Make sure timing simulation models are
successfully generated

= leftrotate _sim.vhd and leftrotate sim.sdf
» sdf stands for “standard delay format”

s Start ModelSIm



Timing Simulation

= In ModelSim console window, type In
following commands in sequence

cd 4 feed313/projl;

vlib wiork — create a work library

— map simprim 1o pre-compiled standard library

Wmap simprim ¢ /modeltech_5 6dxilinx/simprim

veom lefrotate_sim .vihd — “compile” simulation model

— run timing simulation with delay information [ leftrotate_sim.sdf)
wsim -sdftyvp /=E:/Courses/EE4313/lefrotate_sim .sdf work lefrotate
View waye — start waveform viewer

add wave a b skev o — add input/out signals in the waveform viewer
— assign input signals (use hexadecimal, time unit ns)

force a 16R915FBE4L 0, 16863551049 100, 16#ABCDOSTE 200
force b 16446198251 0, 16#AS01CES] 100, 16#5260F 149 200
force skey 16#783348E7 0, 16#5AEBOF2F 100, 16#07B169 200
force 300 — simulate 300ns




iTiming Simulation

=i wave - default

File Edit “iew Insert Format Tools  Window
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i Results

= Timing — 27ns delay (from ModelSim)

s Area
e Logic Utilization: Number of 4 input LUTs: 188 out of 24,576 1%
e 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 LUTSs: 188 out of 24,576 1%
 Number of bonded I0Bs: 128 out of 404 31%
e Total equivalent gate count for design: 1,314



i FPGA Architecture
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‘L FPGA Architecture
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FPGA Architecture

-
@ [ »—]ia T A Ho—

h, [ Ve
‘\-\-1
- I
a3 [>— i o LA ——
Gz H LUT ) INIT
(R ] I 10 WE Dl g CI_::}'-,-’Q
o ] —EC
Ey 1 [ Urey
BY . T
| =
FSin FB*
7 Y FiJ F5
CK  wso BY DG —, Lx\] =X
WE 1 =l *
a4 weH ||ex o | L‘\ NIT
. i 1 e
A 12 WE Cl
2 12 o T Prev
2 H LUT |
Fio U
0 }
e 1
SR |
CLK
CE |

&)
=

crimaielmd e



i 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




