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Converting PLC instruction sequence into
logic circuit: implementation and evaluation
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if (condition = ’1’) then
MOVT := CONV_std_logic_vector (16#FF#, 32);
DO <= MOVT(15 downto 0);
D1 <= MOVT(31 downto 16);

end if;
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a )

if (condition = ’1’) then

CALCA := CONV_INTEGER(DO);
CALCB := CONV_INTEGER(D2);
CALCR := CALCA / CALCB;
D4 <= CONV_std_logic_vector (CALCR, 16);
end if;
/
019 0O 180a00 VHDLOO
4 N
if (condition = ’1’) then
CALCA := CONV_INTEGER(D1 & DO);
CALCB := CONV_INTEGER(D3 & D2);
CALCR := CALCA / CALCB;
CALCT := CONV_std_logic_vector (CALCR, 32);
D4 <= CALCT(15 downto 0);
D5 <= CALCT(31 downto 16);
end if;
\_ /
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6.1 Sequential Design
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4 N
<dgooboobooobooooobogoos

<0o0oooood»>
architecture RTL of SEQUENCE is
<goOooo>
begin
process (CLK)
<0gooo>
begin
if (CLK’event and CLK = ’1’) then
if (RST = ’1’) then
<gooooooods>
else
case STATE is
when 0 =>
<goog>
STATE <= STATE
when 1 =>
<1gooodgs>
STATE <= STATE
when 2 =>
L200000>
STATE <= STATE

+
[y

+
[EY

+
[EY

when p =>
<p Uoogno»>
STATE <= STATE
when p +1 =>
ggod>
STATE <= 0;

+
[EY

when others =>
STATE <= 0;
end case;
end if;
end if;
end process;

end RTL;
\_ J

030 SDO VHDLOO
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case STATE is
when 0 =>
<ggogo>
STATE <= STATE + 1;
when 1 =>
<gooi1ooooos>
<gdooi1000oas>

STATE <= STATE + 1;
when 2 =>

<QgO0O0O2000004d>

<ggdz2ooooods>

STATE <= STATE + 1;

when A =>
<O0OoOoADOO0O0O>
<0O00OADO0O0O000>

STATE <= STATE + 1;
when A +1 =>
<ggoogo>
STATE <= 0;
when others =>
STATE <= 0;

end case;
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6.3 Flat Design
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architecture RTL of SEQUENCE is
begin
process (CLK)
<gooo>
begin
if (CLK’event and CLK = ’1’) then
if (RST = ’1’) then
<gooood>
else
<Qooo»>
<1ggooos>
L00000>

<pOooog»>
<QgoOooo>
end if;
end if;
end process;

end RTL;
o %
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/--. \

architecture RTL of SEQUENCE is

cgoo>
begin
MULA1 <=

CONV_INTEGER(DO) when STATE = 1 else

CONV_INTEGER(D3 & D2) when STATE

= 20 else
0;
MULB1 <=
10#10# when STATE = 1 else
CONV_INTEGER(D5 & D4) when STATE = 20 else

0;
MUL1 <= MULA1 * MULB1;

process (CLK)

when 1 =>
if (condition = ’1’) then
D1 <= CONV_std_logic_vector (MUL1, 16);

end if;

when 20 =>
if (condition = ’1’) then
CALCT := CONV_std_logic_vector(MUL1, 32);
D6 <= CALCT(15 downto 0);
D7 <= CALCT(31 downto 16);

end if;
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Family Stratix 1T APEX20KE
Device EP2S60F672C5ES | EP20K600EBC652-3
Total ALUTs/LEs 48,3520 ALUTsO 24,3200 LEsO
Total pins 493 488
Total memory bits 2,544,192 311,296
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Quartus II Version 6.0 SP1 5.0
Optimization Balanced default™
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CPU AthlonXP 2600+ Athlon64 35004
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05 PIDODODOOOOOODDOOOD StratixIIO

0000 |00 | ooo 00 |00000 | 0000 (000 |DSPblock | 0000
ooo (MHz) (ALUTSs) | (bits) (sec.)
PLC — — — — — — — 7.98 x 1074
FPGA | SD 0o 12 108.57 486 0 24 1.11 x 107
O0x 1 12 87.63 479 0 8 1.37 x 1077
LD 0o 9 113.51 480 0 24 7.93 x 1078
O0x 1 9 88.32 475 0 8 1.02 x 107
FD 0o 1 61.90 448 0 24 1.62 x 1078
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X000 X001 O }
ANl X001 (@)
a H/"—[ Mo }— ouT MO
@ _| b MO
MO OR X002
— ADD | D0 | D1] D6 A0 00 (b)
(b) X002 D6
_| LD Mo
ADD D2
MO D3 ©
D7
(© —| |—| ApD [ D2 ] D3] D7 D X000
X000 DA (d)
(d) —| I——|DADD| D4 [k20] D8 D8
LDl X003
X003 DADD D6 ©
e) —J/f—| DADD | D6 | D8 [D10}— D8
D10
END

045 OD0OOO00O0OO0OOOOO0O0OO0OOO00

gobbboooobbbooodbbbooodobboboooobbboo

gbob vHDLOOO0ObOO0oOobOoobuooobuobooobobuoooobo
gobbboooobbbuoooobbbuoodobbboooobbbooan

20



gobbboooobbbuoooobbbuoobbboooobbbooan
gobbboooobbbuooobbbooobbbuoooobobood

e Sequential Design

library IEEE;

use IEEE.std_logic_1164.all;

use IEEE.std_logic_arith.all;
use IEEE.std_logic_unsigned.all;

entity SEQUENCE is
port (
CLK : in std_logic;
RST : in std_logic;
X000IN : in std_logic;
X001IN : in std_logic;
X002IN : in std_logic;
X003IN : in std_logic;

DOIN : in std_logic_vector(15 downto 0);
D1IN : in std_logic_vector(15 downto 0);
D2IN : in std_logic_vector(15 downto 0);
D3IN : in std_logic_vector(15 downto 0);
D4IN : in std_logic_vector(15 downto 0);
DSIN : in std_logic_vector(15 downto 0);

D100UT : out std_logic_vector(15 downto 0);
D110UT : out std_logic_vector(15 downto 0)
);
end SEQUENCE;

architecture RTL of SEQUENCE is

signal STATE : integer;
signal X000 : std_logic;
signal X001 : std_logic;
signal X002 : std_logic;
signal X003 : std_logic;

signal MO : std_logic;

signal DO : std_logic_vector(15 downto 0);
signal D1 : std_logic_vector(15 downto 0);
signal D6 : std_logic_vector(15 downto 0);
signal D2 : std_logic_vector(15 downto 0);
signal D3 : std_logic_vector(15 downto 0);
signal D7 : std_logic_vector(15 downto 0);
signal D4 : std_logic_vector(15 downto 0);
signal D5 : std_logic_vector(15 downto 0);
signal D8 : std_logic_vector (15 downto 0);
signal D9 : std_logic_vector(15 downto 0);
signal D10 : std_logic_vector(15 downto 0);
signal D11 : std_logic_vector(15 downto 0);

begin
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process (CLK)

variable CALCA : integer;

variable CALCB : integer;

variable CALCR : integer;

variable CALCT : std_logic_vector(31 downto 0);
begin

if (CLK’event and CLK = ’1’) then

if (RST = ’1’) then
STATE <= 0;

MO <= ’0°;

DO <= (others => ’0’);
D1 <= (others => ’0’);
D6 <= (others => ’07);
D2 <= (others => ’0’);
D3 <= (others => ’0’);
D7 <= (others => ’07);
D4 <= (others => ’07’);
D5 <= (others => ’0’);
D8 <= (others => ’07);
D9 <= (others => ’0’);
D10 <= (others => ’07%);
D11 <= (others => ’0’);

else
case STATE is
when 0 =>
X000 <= XO0O0O0IN;
X001 <= XO0O1IN;
X002 <= X002IN;
X003 <= X003IN;

DO <= DOIN;
D1 <= D1IN;
D2 <= D2IN;
D3 <= D3IN;
D4 <= DAIN;
D5 <= D5IN;

STATE <= STATE + 1;
when 1 =>
if ((X000 and not X001) = ’1’) then
MO <= ’1°;
else
MO <= ’0°;
end if;

STATE <= STATE + 1;

when 2 =>
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if ((MO or X002) = ’1’) then
CALCA := CONV_INTEGER(DO);
CALCB := CONV_INTEGER(D1);
CALCR := CALCA + CALCB;
D6 <= CONV_std_logic_vector (CALCR, 16);

end if;

STATE <= STATE + 1;

when 3 =>
if (MO = ’1’) then
CALCA := CONV_INTEGER(D2);
CALCB := CONV_INTEGER(D3);
CALCR := CALCA + CALCB;
D7 <= CONV_std_logic_vector (CALCR, 16);
end if;
STATE <= STATE + 1;
when 4 =>
if (X000 = ’1’) then
CALCA := CONV_INTEGER(D5 & D4);
CALCB := 10#20%#;
CALCR := CALCA + CALCB;
CALCT := CONV_std_logic_vector (CALCR, 32);
D8 <= CALCT(15 downto 0);
D9 <= CALCT(31 downto 16);
end if;
STATE <= STATE + 1;
when 5 =>
if (not X003 = ’1’) then
CALCA := CONV_INTEGER(D7 & D6);
CALCB := CONV_INTEGER(D9 & D8);
CALCR := CALCA + CALCB;
CALCT := CONV_std_logic_vector (CALCR, 32);
D10 <= CALCT(15 downto 0);
D11 <= CALCT(31 downto 16);
end if;
STATE <= STATE + 1;
when 6 =>

D100UT <= D10;
D110UT <= D1i;

STATE <= 0;

when others =>
STATE <= 0;

end case;
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end if;

end if;

end process;

end RTL;

e Levelized Design

library IEEE;
use IEEE.std_logic_1164.all;
use IEEE.std_logic_arith.all;
use IEEE.std_logic_unsigned.all;

entity SEQUENCE is

port (
CLK
RST

in

in

X000IN :

X001IN

X002IN :
X003IN :

DOIN
D1IN
D2IN
D3IN
D4IN
D5IN

std_logic;
std_logic;

in std_logic;

: in std_logic;

in std_logic;

in std_logic;

¢ in

¢ in

: in

¢ in

¢ in

: in

D100UT :
D110UT :

);

end SEQUENCE;

out

out

std_logic_vector (15
std_logic_vector (15
std_logic_vector (15
std_logic_vector (15
std_logic_vector (15
std_logic_vector (15
std_logic_vector (15
std_logic_vector (15

downto
downto
downto
downto
downto
downto
downto

downto

architecture RTL of SEQUENCE is

signal
signal
signal
signal

signal

signal

signal
signal
signal
signal
signal
signal
signal
signal
signal
signal

signal

STAT

X000 :

X001

X002 :
X003 :

MO :

DO :
D1

D6 :
D2 :
D3 :
D7 :
D4 :
D5 :
D8 :
D9 :

D10 :

E : integer;
std_logic;
std_logic;
std_logic;
std_logic;

std_logic;

std_logic_vector (15
std_logic_vector (15
std_logic_vector (15
std_logic_vector (15
std_logic_vector (15
std_logic_vector (15
std_logic_vector (15
std_logic_vector (15
std_logic_vector (15
std_logic_vector (15

downto
downto
downto
downto
downto
downto
downto
downto
downto

downto

0);
0);
0);
0);
0);
0);
0);
0);
0);
0);

0);
0);
0);
0);
0);
0);
0);
0)

std_logic_vector(15 downto 0);
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signal D11 : std_logic_vector(15 downto 0);

begin

process (CLK)

variable CALCA : integer;

variable CALCB : integer;

variable CALCR : integer;

variable CALCT : std_logic_vector(31 downto 0);
begin

if (CLK’event and CLK = ’1’) then

if (RST = ’1’) then
STATE <= 0;

MO <= ’0°;

DO <= (others => ’0’);
D1 <= (others => ’0’);
D6 <= (others => ’07);
D2 <= (others => ’0’);
D3 <= (others => ’0’);
D7 <= (others => ’07);
D4 <= (others => ’0’);
D5 <= (others => ’0’);
D8 <= (others => ’0’);
D9 <= (others => ’07);
D10 <= (others => ’07%);
D11 <= (others => ’07’);

else
case STATE is
when 0 =>
X000 <= XO0OOIN;
X001 <= XO0O1IN;
X002 <= X002IN;
X003 <= X003IN;

DO <= DOIN;
D1 <= D1IN;
D2 <= D2IN;
D3 <= D3IN;
D4 <= DAIN;
D5 <= D5IN;

STATE <= STATE + 1;

when 1 =>
if ((X000 and not X001) = ’1’) then

MO <= ’17;
else

MO <= ’0’;
end if;
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if (X000 = ’1’) then
CALCA := CONV_INTEGER(D5 & D4);
CALCB := 10#20#;
CALCR := CALCA + CALCB;
CALCT := CONV_std_logic_vector (CALCR, 32);
D8 <= CALCT(15 downto 0);
D9 <= CALCT(31 downto 16);

end if;

STATE <= STATE + 1;

when 2 =>
if ((MO or X002) = ’1’) then
CALCA := CONV_INTEGER(DO) ;
CALCB := CONV_INTEGER(D1);
CALCR := CALCA + CALCB;
D6 <= CONV_std_logic_vector (CALCR, 16);
end if;
if (MO = ’1’) then
CALCA := CONV_INTEGER(D2);
CALCB := CONV_INTEGER(D3);
CALCR := CALCA + CALCB;
D7 <= CONV_std_logic_vector (CALCR, 16);
end if;
STATE <= STATE + 1;
when 3 =>
if (not X003 = ’1’) then
CALCA := CONV_INTEGER(D7 & D6);
CALCB := CONV_INTEGER(D9 & D8);
CALCR := CALCA + CALCB;
CALCT := CONV_std_logic_vector (CALCR, 32);
D10 <= CALCT(15 downto 0);
D11 <= CALCT(31 downto 16);
end if;
STATE <= STATE + 1;
when 4 =>

D100UT <= D10;
D110UT <= D11;

STATE <= 0;

when others =>
STATE <= 0;

end case;
end if;
end if;

end process;
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end RTL;

e Flat Design

library IEEE;

use IEEE.std_logic_1164.all;
use IEEE.std_logic_arith.all;
use IEEE.std_logic_unsigned.all;

entity SEQUENCE is

port (

CLK : in
RST : in

X000IN :
X001IN :
X002IN :
X003IN :
DOIN
D1IN
D2IN
D3IN
D4IN
D5IN
D100UT :
D110UT :

);

end SEQUENCE;

architecture

begin

st

st
in
in
in

in

¢ in
: in
¢ in
¢ in
¢ in

: in

out

out

RTL

process (CLK)

variable
variable
variable

variable

variable
variable
variable

variable

variable

variable
variable
variable
variable
variable
variable

variable

CALC
CALC
CALC
CALC

X000 :
X001 :
X002 :
X003 :

MO :

DO
D1
D6 :
D2 :
D3 :
D7 :
D4 :

d_logic;

d_logic;

std_logic;
std_logic;
std_logic;
std_logic;
std_logic_vector (15
std_logic_vector (15
std_logic_vector (15
std_logic_vector (15
std_logic_vector (15
std_logic_vector (15
std_logic_vector (15
std_logic_vector (15

of SEQUENCE is

A : integer;
B : integer;

R : integer;

T : std_logic_vector(31 downto 0);

std_logic;
std_logic;
std_logic;
std_logic;

std_logic;

: std_logic_vector(15
: std_logic_vector(15

std_logic_vector (15
std_logic_vector (15
std_logic_vector (15
std_logic_vector (15
std_logic_vector (15

downto
downto
downto
downto
downto
downto
downto

downto

downto
downto
downto
downto
downto
downto

downto

0);
0);
0);
0);
0);
0);
0);
0)

0);
0);
0);
0);
0);
0);
0);
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variable D5 : std_logic_vector(15 downto 0);
variable D8 : std_logic_vector(15 downto 0);
variable D9 : std_logic_vector(15 downto 0);
variable D10 : std_logic_vector(15 downto 0);
variable D11 : std_logic_vector(15 downto 0);

begin
if (CLK’event and CLK = ’1’) then
if (RST = ’1’) then
MO := ’0’;

DO := (others => ’0’);
D1 := (others => ’0’);
D6 := (others => ’0’);
D2 := (others => ’0’);
D3 := (others => ’0’);
D7 := (others => ’0’);
D4 := (others => ’0’);
D5 := (others => ’0’);
D8 := (others => °0°);
D9 := (others => ’0’);
D10 := (others => ’07’);
D11 := (others => ’07’);

else
X000 := XOOOIN;
X001 := XO0O1IN;
X002 := X002IN;
X003 := XO003IN;

DO := DOIN;
D1 := D1IN;
D2 := D2IN;
D3 := D3IN;
D4 := D4IN;
D5 := DBIN;

if ((X000 and not X001) = ’1’) then

MO := ’1°;
else

MO := ’0’;
end if;

if ((MO or X002) = ’1’) then
CALCA := CONV_INTEGER(DO);
CALCB := CONV_INTEGER(D1);
CALCR := CALCA + CALCB;
D6 := CONV_std_logic_vector (CALCR, 16);

end if;
if (MO = ’1’) then

CALCA := CONV_INTEGER(D2);
CALCB := CONV_INTEGER(D3);
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end if;

end if;

end process;

end RTL;

CALCR

:= CALCA + CALCB;

D7 := CONV_std_logic_vector (CALCR, 16);
end if;
if (X000 = ’1’) then
CALCA := CONV_INTEGER(D5 & D4);
CALCB := 10#20%#;
CALCR := CALCA + CALCB;
CALCT := CONV_std_logic_vector (CALCR, 32);
D8 := CALCT(15 downto 0);
D9 := CALCT(31 downto 16);
end if;
if (not X003 = ’1’) then
CALCA := CONV_INTEGER(D7 & D6);
CALCB := CONV_INTEGER(D9 & D8);
CALCR := CALCA + CALCB;
CALCT := CONV_std_logic_vector (CALCR, 32);
D10 := CALCT(15 downto 0);
D11 := CALCT(31 downto 16);
end if;
D100UT <= D10;
D110UT <= D11;

e IODODOX 1

library IEEE;
use IEEE.std_logic_1164.all;
use IEEE.std_logic_arith.all;
use IEEE.std_logic_unsigned.all;

entity SEQUENCE is

port (
CLK
RST

X000IN :
X001IN :
X002IN :
X003IN :

DOIN
D1IN
D2IN
D3IN
D4IN
D5IN

D100UT :
D110UT :

in

in

in
in
in
in
¢ in
: in
¢ in
¢ in
: in
¢ in
out

out

std_logic;
std_logic;

std_logic;
std_logic;
std_logic;
std_logic;
std_logic_vector (15
std_logic_vector (15
std_logic_vector (15
std_logic_vector (15
std_logic_vector (15
std_logic_vector (15
std_logic_vector (15
std_logic_vector (15

downto
downto
downto
downto
downto
downto
downto

downto

0);
0);
0);
0);
0);
0);
0);
0)
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)

end SEQUENCE;

architecture RTL of SEQUENCE is

signal
signal
signal
signal

signal

signal

signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal

signal
signal
signal

signal

begin

STATE : integer;

X0
X0
X0
X0

MO :

DO :

D1

D6 :
D2 :
D3 :
D7 :
D4 :
D5 :
D8 :
D9 :

D1
D1

00 : std_logic;
01 : std_logic;
02 : std_logic;
03 : std_logic;

std_logic;

std_logic_vector (15 downto 0);
std_logic_vector(15 downto 0);
std_logic_vector (15 downto 0);
std_logic_vector (15 downto 0);
std_logic_vector (15 downto 0);
std_logic_vector (15 downto 0);
std_logic_vector (15 downto 0);
std_logic_vector (15 downto 0);
std_logic_vector (15 downto 0);
std_logic_vector (15 downto 0);
0 : std_logic_vector(15 downto 0);
1 : std_logic_vector(15 downto 0);

ADDA1 : integer;
ADDB1 : integer;

AD

ADDA1 <=

ADDB1 <=

D1 : integer;

CONV_INTEGER(DO) when STATE = 2 else
CONV_INTEGER(D2) when STATE = 3 else
CONV_INTEGER(D5 & D4) when STATE = 4 else
CONV_INTEGER(D7 & D6) when STATE = 5 else
0;

CONV_INTEGER(D1) when STATE = 2 else
CONV_INTEGER(D3) when STATE = 3 else
CONV_INTEGER (10#20#) when STATE = 4 else
CONV_INTEGER(D9 & D8) when STATE = 5 else
0;

ADD1 <= ADDA1 + ADDB1;

process (CLK)
variable CALCT : std_logic_vector(31 downto 0);

begin

if (CLK’event and CLK = ’1’) then
if (RST = ’1’) then

STATE <= 0;
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MO <= ’0’;

DO <= (others => ’0’);
D1 <= (others => ’0’);
D6 <= (others => ’07);
D2 <= (others => ’0’);
D3 <= (others => ’0’);
D7 <= (others => ’0’);
D4 <= (others => ’07);
D5 <= (others => ’0’);
D8 <= (others => ’0’);
D9 <= (others => ’07);
D10 <= (others => ’0’);
D11 <= (others => ’07’);

else
case STATE is
when 0 =>
X000 <= XO0OOIN;
X001 <= XO0O01IN;
X002 <= X002IN;
X003 <= X003IN;

DO <= DOIN;
D1 <= D1IN;
D2 <= D2IN;
D3 <= D3IN;
D4 <= DAIN;
D5 <= D5IN;

STATE <= STATE + 1;

when 1 =>
if ((X000 and not X001) = ’1’) then
MO <= ’1°;
else
MO <= ’0’;

end if;
STATE <= STATE + 1;

when 2 =>
if ((MO or X002) = ’1’) then
D6 <= CONV_std_logic_vector (ADD1, 16);

end if;

STATE <= STATE + 1;
when 3 =>

if (MO = ’1’) then

D7 <= CONV_std_logic_vector(ADD1, 16);

end if;
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STATE <= STATE + 1;

when 4 =>
if (X000 = ’1’) then
CALCT := CONV_std_logic_vector (ADD1, 32);
D8 <= CALCT(15 downto 0);
D9 <= CALCT(31 downto 16);

end if;

STATE <= STATE + 1;

when 5 =>
if (not X003 = ’1’) then
CALCT := CONV_std_logic_vector (ADD1, 32);
D10 <= CALCT(15 downto 0);
D11 <= CALCT(31 downto 16);

end if;

STATE <= STATE + 1;
when 6 =>

D100UT <= D10;

D110UT <= D11;

STATE <= 0;

when others =>
STATE <= 0;

end case;
end if;
end if;

end process;

end RTL;
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