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2 Buffer 4ifid i 2.1 IBUF

2 Buffer 43R ia

Buffer Z&iias, HAZATIAE. IRIEAFITIRE, w2 N #$i buffer, 15
1 LVDS (ELVDS) F1E LVDS (TLVDS). #iftl LVDS FIE LVDS ()5 5L
PLFRARINAE R R LA, VORI Se il 77 gt

2.1 IBUF
IBUF(Input Buffer), #iA\Znfas. H4gmiga R~ 2 .
EE
Verilog 7~
module rtl_ibuf (o, i);
inputi;
output o;
assigno=i;
endmodule
VHDL 7~
library IEEE;
use IEEE.STD_LOGIC_1164.ALL,;

entity rtl_ibuf is
PORT (
o: OUT std_logic;
i : IN std_logic
);
end rtl_ibuf;

architecture Behavioral of rtl_IBUF is

SUG949-1.9 3(174)




2 Buffer 4ifid i 2.2 TLVDS_IBUF

begin

0 <=1i;
end Behavioral;
i 2:
Verilog 7~ :
module ibuf (o, i);
inputi;
output o ;
buf IB (o, i);
endmodule

2.2 TLVDS_IBUF
TLVDS_IBUF(True LVDS Input Buffer), HZ/HiANLEas. 1ZHEE T
SEIL AR ZE ISR R, Hgm AL I AT T s
Verilog 7~
module tlvds_ibuf test(in1_p, in1_n, o0);
input in1_p/* synthesis syn_tlvds_io = 1%/;
input in1_n/* synthesis syn_tlvds_io = 1%/;
output reg o;
always@(in1_p orin1_n) begin
if (in1_p !=in1_n) begin
o=in1_p;
end
end
endmodule
VHDL 7~
library IEEE;
use IEEE.STD_LOGIC_1164.ALL,;

entity tlvds_ibuf_test is
PORT (
o : OUT std_logic;
in1_p : IN std_logic;
in1_n: IN std_logic

SUG949-1.9 4(174)




2 Buffer gmfid e

2.3 ELVDS_IBUF

);

attribute syn_tlvds_io:integer;

attribute syn_tlvds_io of in1_p,in1_n:signal is 1;

end tlvds_ibuf test;

architecture Behavioral of tlvds_ibuf test is

begin
process(in1_n,in1_p)begin
if(in1_p/=in1_n)then
o<=in1_p;
end if;
end process;
end Behavioral;

2.3 ELVDS_IBUF
ELVDS_IBUF(Emulated LVDS Input Buffer), 13 NGEmae. %

SUG949-1.9

JEAE B SR BL AR IR R L R, g s nTan s s

Verilog 7~

module elvds_ibuf _test (in1_p, in1_n, 0);
input in1_p/* synthesis syn_elvds_io = 1%/,
input in1_n/* synthesis syn_elvds_io = 1%/;

output reg o;
always@(in1_p or in1_n)begin
if (in1_p !=in1_n) begin
o=in1_p;
end
end
endmodule
VHDL R
library IEEE;
use IEEE.STD_LOGIC_1164.ALL,;

entity elvds_ibuf_test is
PORT (
o : OUT std_logic;
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2 Buffer 4ifid i 2.4 OBUF

in1_p : IN std_logic;
in1_n: IN std_logic
);
attribute syn_elvds_io:integer;
attribute syn_elvds_io of in1_p,in1_n:signal is 1;
end elvds_ibuf_test;

architecture Behavioral of elvds_ibuf testis
begin
process(in1_p, in1_n)
begin
if (in1_p/=in1_n) then
o<=in1_p;
end if;
end process;

end Behavioral;

2.4 OBUF
OBUF(Output Buffer), #ithZgmds. Hgmis A RH T 2 5 .
EE
Verilog 7~
module rtl_obuf (o, i);
inputi;
outputo;
assigno=1i;
endmodule
VHDL 7~
library IEEE;
use IEEE.STD_LOGIC_1164.ALL,;

entity rtl_obuf is
PORT (
o : OUT std_logic;
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2 Buffer gmfid e

2.5 TLVDS_OBUF

i : IN std_logic
);
end rtl_obuf;

architecture Behavioral of rtl_obuf is
begin

0 <=i
end Behavioral;
i 2:
Verilog 7~
module obuf (o, i);
input i ;
output o;
buf OB (o, i);
endmodule

2.5 TLVDS_OBUF

SUG949-1.9

TLVDS_OBUF(True LVDS Output Buffer), %404 tHZ2nha2 . %505

RISCEL R B INRVEL AR, g T i~ s -

Verilog 7~51:

module tlvds_obuf_test(i,out1,out2);

input i;

output out1/* synthesis syn_tlvds_io = 1%/;
output out2/* synthesis syn_tlvds_io = 1*/;
assign out1 =i;

assign out2 = ~out1;

endmodule

VHDL 7~

library IEEE;

use IEEE.STD_LOGIC_1164.ALL,;

entity tlvds_obuf_test is
PORT (
out1 : out std_logic;

7(174)




2 Buffer gmfid e

2.6 ELVDS_OBUF

out2 : out std_logic;
i - IN std_logic
);
attribute syn_tlvds_io:integer;
attribute syn_tlvds_io of out1,out2:signal is 1;
end tlivds_obuf _test;

architecture Behavioral of tivds_obuf _test is
begin

out1<=i;

out2<=not(i);

end Behavioral;

2.6 ELVDS_OBUF

SUG949-1.9

ELVDS_OBUF(Emulated LVDS Output Buffer), 7%=
G ) SEIL AR EIR B LW, Hgm b 0T W R

Verilog 7~

module elvds_obuf _test(i,out1,out2);

input i;

output out1/* synthesis syn_elvds_io = 1*/;
output out2/* synthesis syn_elvds_io = 1%/,
assign out1=i;

assign out2 = ~out1;

endmodule

VHDL 7~

library IEEE;

use IEEE.STD_LOGIC_1164.ALL,;

entity elvds_obuf_test is
PORT (
out1 : out std_logic;
out2 : out std_logic;
i : IN std_logic
);

attribute syn_elvds_io:integer;

I ST A o
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2 Buffer 4ifid i 2.7 TBUF

attribute syn_elvds_io of out1,out2:signal is 1;
end elvds_obuf _test;

architecture Behavioral of elvds_obuf _test is
begin

out1<=i;

out2<=not(i);

end Behavioral;

2.7 TBUF
TBUF(Output Buffer with Tri-state Control), =25 4%, 1K H T{ERE.
Fegwmtd e A nT R A an T 2 #7320
EE
Verilog 7~
module tbuf (i, oen, 0);
input i, oen;
output o;
assign o= ~oen ? i:1'bz;
endmodule
VHDL 7~
library IEEE;
use IEEE.STD_LOGIC_1164.ALL;

entity rtl_tbuf is
PORT (
o : OUT std_logic;
i : IN std_logic;
oen : IN std_logic
);
end rtl_tbuf;

architecture Behavioral of rtl_tbuf is
begin
process(i, oen)

SUG949-1.9 9(174)




2 Buffer 4ifid i 2.8 TLVDS_TBUF

begin
if ((oen ="'0") or (oen ='L")) then
o <= TO_XO01(i);
elsif ((oen ='1") or (oen ='H')) then
o<='Z'
else
o<='X}
end if;

end process;

end Behavioral;

WA

Verilog 7~

module tbuf (out, in, oen);
input in, oen;

output out;

bufif0 TB (out, in, oen);

endmodule

28 TLVDS_TBUF
TLVDS_TBUF(True LVDS Tristate Buffer), H %/ =824, {KHEF
flife. ZIRTER R T EZRMIEIELR, Hgmi T an T Fros:
Verilog 7~
module tlvds_tbuf test(i, oen, out1,out2);
input i;
input oen;
output out1/* synthesis syn_tlvds_io = 17/,
output out2/* synthesis syn_tlvds_io = 1%/;
assign out1 = ~oen ? i : 1'bz;
assign out2 = ~oen ? ~i : 1'bz;
endmodule
VHDL 7~
library IEEE;
use IEEE.STD_LOGIC_1164.ALL;

SUG949-1.9 10(174)




2 Buffer 4ifid i 2.9 ELVDS _TBUF

entity tlvds_tbuf test is
PORT (
out1 : out std_logic;
out2 : out std_logic;
oen : IN std_logic;
i : IN std_logic
);
attribute syn_tlvds_io:integer;
attribute syn_tlvds_io of out1,out2:signal is 1;
end tlvds_tbuf_test;

architecture Behavioral of tlvds_tbuf test is
begin
process(i,oen)begin
if(oen='0")then
out1<=i;
out2<=not(i);
else
out1<="Z",
out2<='7";
end if;

end process;
end Behavioral;

2.9 ELVDS _TBUF

ELVDS_TBUF(Emulated LVDS Tristate Buffer), 2/ =& 8%,
IR RE . B SEILHR ZR @ MEL R, Hegm gz 20nT a0 s pross:
Verilog 7~51:
module elvds_tbuf test(i, oen, out1,out2);
input i, oen;
output out1/* synthesis syn_elvds_io = 1%/;
output out2/* synthesis syn_elvds_io = 1*/;
assign out1 = ~oen ? i : 1'bz;
SUG949-1.9 11(174)




2 Buffer gmfid e

2.10 IOBUF

2.10 IOBUF

SUG949-1.9

assign out2 = ~oen ? ~i : 1'bz;
endmodule

VHDL 7=~

library IEEE;

use IEEE.STD_LOGIC_1164.ALL,;

entity elvds_tbuf_test is
PORT (
out1 : out std_logic;
out2 : out std_logic;
oen : IN std_logic;
i : IN std_logic
);

attribute syn_elvds_io:integer;

attribute syn_elvds_io of out1,out2:signal is 1;

end elvds_tbuf test;

architecture Behavioral of elvds_tbuf test is

begin
process(i,oen)begin

if(oen="0")then
out1<=i;
out2<=not(i);

else
out1<='Z",
out2<='7";

end if;

end process;

end;

|IOBUF(Bi-Directional Buffer), X{nZEe%. 24 OEN A& PR, 1A
W NZErh s OEN NARHSFI, 1B g2 ds . HgmtdE Ak H T 2
Fp 5 2
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2 Buffer 4ifid i 2.10 IOBUF

EE

Verilog 7~

module rtl_iobuf (i, oen, io, 0);
input i,oen;

output o;

inout io;

assign io= ~oen ? i :1'bz;
assign o = io;

endmodule

VHDL 7~

library IEEE;

use IEEE.STD_LOGIC_1164.ALL;

entity rtl_iobuf is
PORT (
o :0OUT std_logic;
io : INOUT std_logic;
i :IN std_logic;
oen : IN std_logic
);
end rtl_iobuf;

architecture Behavioral of rtl_iobuf is
begin
process(io, i, oen)
begin
o <= TO_X01(io);
if ((oen ="'0") or (oen ="L")) then
io <=1i;
elsif ((oen ='1") or (oen = 'H')) then
io <="'Z';
else
io <="'X
end if;
SUG949-1.9 13(174)




2 Buffer gmfid e

2.11 TLVDS_IOBUF

end process;

end Behavioral;

WA

Verilog 7~4:

module iobuf (out, io, i, oen);
input i,oen;

output out;

inout io;

buf OB (out, io);

bufifO IB (io,i,oen);
endmodule

2,11 TLVDS_IOBUF

SUG949-1.9

TLVDS_IOBUF(True LVDS Bi-Directional Buffer), 27 X[ 2z i1 4%,

2 OEN Jym Py, VENEZEMAZG S OEN NRH-FR, fEhHEZE
ot gt g . ZEIE R SCILR ISR ELIR, A% AT s

Verilog 7~
module rtl_tlvds_iobuf(o, io, iob, i, oen);
output reg o;
inout io /* synthesis syn_tlvds _io =1 */;
inout iob /* synthesis syn_tlvds _io =1 */;
input i, oen;
bufif0 ib(io, i, oen);
notifO yb(iob, i, oen);
always @(io or iob)begin

if (io != iob)begin

0 <=o;

end
end
endmodule
VHDL 7~
library IEEE;
use IEEE.STD_LOGIC_1164.ALL,;

14(174)




2 Buffer gmfid e

2.11 TLVDS_IOBUF

SUG949-1.9

entity rtl_tlvds_iobuf is
PORT (
o : out std_logic;
io : inout std_logic;
iob : inout std_logic;
i - IN std_logic;
oen : IN std_logic
);
attribute syn_tlvds_io:integer;
attribute syn_tlvds_io of io,iob:signal is 1;
end rtl_tlvds_iobuf;

architecture Behavioral of rtl_tlvds_iobuf is
begin
process(i, oen)
begin
if (oen="1") then
io<='7Z";
else
io<=i;
end if;
end process;
process(i, oen)
begin
if (oen="'1") then
iob <='Z";
else
iob<=not(i);
end if;
end process;

process(io,iob)
begin
if (io/=iob) then

15(174)




2 Buffer 4ifid i 2.12 ELVDS _IOBUF

0<=i0;

end if;
end process;
end Behavioral;

212 ELVDS _1OBUF
ELVDS_IOBUF(Emulated LVDS Bi-Directional Buffer), #4827 X[
LEhES, 24 OEN A7 i P, {9 40 i N 2B 0 58; OEN I F PR,
VE AU ZE S 2P 2% o 2SR5 B SCIL FR S @ R A, Hogm At ]
LN
Verilog 7~
module elvds_iobuf(o, io, iob, i, oen);
output o;
inout io /* synthesis syn_elvds_io =1 */;
inout iob /* synthesis syn_elvds_io =1 */;
input i, oen;
reg o;
bufif0 ib(io, i, oen);
notifO yb(iob, i, oen);
always @(io or iob)begin
if (io != iob)begin
0 <=o;
end
end
endmodule
VHDL 7~
library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
entity rtl_elvds_iobuf is
PORT (
o : out std_logic;
io : inout std_logic;
iob : inout std_logic;
i - IN std_logic;
oen : IN std_logic

SUG949-1.9 16(174)




2 Buffer gmfid e

2.12 ELVDS

IOBUF

SUG949-1.9

);
attribute syn_elvds_io:integer;
attribute syn_elvds_io of io,iob:signal is 1;
end rtl_elvds_iobuf;
architecture Behavioral of rtl_elvds_iobuf is
begin
process(i, oen)
begin
if (oen="1") then
io<='Z";
else
jo<=i;
end if;
end process;
process(i, oen)
begin
if (oen="1") then
iob <='Z";
else
iob<=not(i);
end if;
end process;

process(io,iob)
begin
if (io/=iob) then
o<=jo;
end if;
end process;
end Behavioral;
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3 CLU #mfid iy 3.1 LUT

3 CLU $mhS iy

A it B 12 %5 ¥ 55 CLU (Configurable Logic Unit) R FPGA 77 5 ()
FARIE, CLU BB RS2 MUX/LUT/ALU/FF/LATCH SR HL R ThEE

3.1 LUT

BANEHE LUT, wHE LUT JFiBA LUT2. LUT3. LUT4, HXH7E
FAREERMANAL T IAFE, Hs2B 7 8a R R U

3.1.1 ERFTER

Verilog 7~
module rtl_LUT4 (f, i0, i1,i2,i3);
parameter INIT = 16'h2345;
input i0, i1, i2,i3;
output f;
assign f=INIT[{i3,i2,i1,i0}];
endmodule
VHDL 7~
library IEEE;
use IEEE.STD_LOGIC_1164.ALL,;
use IEEE.std_logic_unsigned.all;
entity rtl_ LUT4 is
GENERIC ( INIT : std_logic_vector (15 DOWNTO 0) := X"2345" );
PORT (
f: out std_logic;
i0 : in std_logic;
i1 :in std_logic;
i2 :in std_logic;
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i3 : in std_logic
);
end rtl_LUT4;

architecture Behavioral of rtl_LUT4 is

SIGNAL addr:STD_LOGIC_VECTOR (3 DOWNTO 0);
begin

addr<=13&I2&I1&l0;

f<=INIT(conv_integer(addr));
end;

3.1.2 iZFEHBER

Verilog 7~

module rtl_LUT3 (f,a,b,sel);

input a,b,sel;

output f;

assign f=sel?a:b;

endmodule

VHDL 7~

library IEEE;

use IEEE.STD_LOGIC_1164.ALL,;

entity rtl_LUT3 is
PORT (
f: out std_logic;
a : in std_logic;
b :in std_logic;
sel : in std_logic
);
end rtl_LUTS3;

architecture Behavioral of rtl_LUT3 is
begin
process(a,b,sel)begin

if(sel="1")then
SUG949-1.9 19(174)
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f<=a;
else
f<=b;
end if;
end process;
end;
3.1.3 BB HEN

Verilog 7~4:

module top(a,b,c,d,f);

input [3:0]a,b,c,d;

output [3:0]f;

assign f=a&bé&c|d;

endmodule

VHDL 7~

library IEEE;

use IEEE.STD_LOGIC_1164.ALL,;

entity top is
PORT (

f: out std_logic;

a : in std_logic;

b :in std_logic;
c :in std_logic;
d:in std_logic
);
end top;

architecture Behavioral of top is
begin

f<=(aand b andc)ord;
end;
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3.2ALU

3.2 ALU

SUG949-1.9

ALU (2-input Arithmetic Logic Unit) 2 #i N ARIZH # 0, Lia T HA]
Plzz4 H ADD/SUB/ADDSUBINE 25158,

3.2.1 ADD IhgE

PL 4 fr4ings Al 4 A2 nas A48 ALU 1) ADD Tgg:

4 LEInAF

4 AL A AR gm S I AT prs
Verilog 7~

module add(a,b,cin,sum,cout);
input [3:0] a,b;

input cin;

output [3:0] sum;

output cout;

assign {cout,sum}=a+b+cin;
endmodule

VHDL 7~

library IEEE;

use IEEE.STD_LOGIC_1164.ALL,;
use IEEE.STD_LOGIC_UNSIGNED.ALL;

entity add is
Port(a:in STD_LOGIC_VECTOR (3 downto 0);
b:in STD_LOGIC_VECTOR (3 downto 0);
cin:in STD_LOGIC;

sum :out STD_LOGIC _VECTOR (3 downto 0);

cout:out STD_LOGIC);
end add;

architecture Behavioral of add is

signal temp_sum : STD_LOGIC_VECTOR (4 downto 0);

begin
temp_sum <= ('0'& a) + ('0' & b) + cin;
sum <= temp_sum(3 downto 0);

21(174)




3 CLU Zwfi#i i

3.2ALU

SUG949-1.9

cout <=temp_sum(4);
end Behavioral;

4 (¥ fnzs

4 2 nas Hgm i 20T an s pros:
Verilog 7~

module add(a,b,sum,cout);

input [3:0] a,b;

output [3:0] sum;

output cout;

assign {cout,sum}=a+b;
endmodule

VHDL 7~

library IEEE;

use IEEE.STD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;

entity add is
Port(a:in STD_LOGIC_VECTOR (3 downto 0);
b:in STD _LOGIC_VECTOR (3 downto 0);
sum :out STD_LOGIC_VECTOR (3 downto 0);
cout:out STD_LOGIC);
end add;

architecture Behavioral of add is

signal temp_sum : STD_LOGIC_VECTOR (4 downto 0);
begin

temp_sum <= ('0' & a) + ('0' & b);

sum <= temp_sum(3 downto 0);

cout <=temp_sum(4);
end Behavioral;
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3.2ALU

3.2.2 SUB IhfE

Verilog 7~4:

module sub(a,b,sub);

input [3:0] a,b;

output [3:0] sub;

assign sub=a-b;

endmodule

VHDL 7=~

library IEEE;

use IEEE.STD_LOGIC_1164.ALL,;

use IEEE.STD_LOGIC_UNSIGNED.ALL;

entity sub is
Port(a:in STD_LOGIC_VECTOR (3 downto 0);
b:in STD _LOGIC _VECTOR (3 downto 0);
sub :out STD _LOGIC_VECTOR (3 downto 0)
);

end sub;

architecture Behavioral of sub is
begin
sub<=a-b;

end Behavioral;

3.2.3 ADDSUB Ih&E

SUG949-1.9

Verilog 7~

module addsub(a,b,c,sum);
input [3:0] a,b;

input c;

output [3:0] sum;

assign sum=c?(a-b):(a+b);
endmodule

VHDL 7~

library IEEE;
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use IEEE.STD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;

entity addsub is
Port (
a:in STD_LOGIC_VECTOR (3 downto 0);
b:in STD _LOGIC VECTOR (3 downto 0);
c:in STD_LOGIC;
sum :out STD_LOGIC_VECTOR (3 downto 0)
);
end addsub;

architecture Behavioral of addsub is

begin
process(a,b,c)begin
if(c="1"then
sum<=a-b;
else
sum<=a+b;
end if;

end process;
end Behavioral;

3.2.4 NE IhiE

Verilog 7~

module ne(a, b, cout);

input [11:0] a, b;

output cout;

assign cout = (a!=b) ? 1'b1: 1'b0;
endmodule

VHDL R

library IEEE;

use IEEE.STD_LOGIC_1164.ALL,;

use IEEE.STD_LOGIC_UNSIGNED.ALL;
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entity ne is
Port (
a:in STD_LOGIC_VECTOR (11 downto 0);
b:in STD_LOGIC_VECTOR (11 downto 0);
cout:out STD_LOGIC
);

end ne;

architecture Behavioral of ne is

begin
process(a,b)begin
if(@=b)then
cout<='0";
else
cout<="1";
end if;

end process;
end Behavioral;

3.3 FF

il 2 R I P FEL B O 2R A e, FPGA PRI I 2 4 41 ] jd ik
FF Z5#J523, % FF 45 DFF. DFFE. DFFS. DFFSE &, HXHI7ET
A7 3 ik 77 =& T TH - Arora VI fil k2% R 1A X 5 DFFSE.DFFRE.
DFFPE. DFFCE. AilL DFFSE. DFFRE. DFFPE. DFFCE A4 %F
s WSl HoAth 25 A7 23 28 M OB I Sl ] S 51X J LR 5 17 8% - it X reg
S, BUNINVILAE, AFEZRB AR IVIGE T 5% UG288, Gowin
AP B 1 0(CEU) A P 15 o

3.3.1 DFFSE

Verilog 7~
module dffse_init1 (clk, d, ce, set, q);
input clk, d, ce, set;
output reg g=1'b1;
always @(posedge clk)begin
if (set)begin
g <= 1b1;
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end
else begin
if (ce)begin
q<=d;
end
end
end
endmodule
VHDL 7=~
library IEEE;
use IEEE.STD_LOGIC_1164.ALL,;
entity dffse_init1 IS
PORT(q:OUT std_logic;
d:IN std_logic;
set:IN std_logic;
ce:IN std_logic;
clk:IN std_logic
);
end dffse_init1;
ARCHITECTURE rtl OF dffse_init1 IS
begin
process(clk)
begin
if(clk 'event and clk ='1") then
if(set="1")then
q<="1"
elsif(ce="1")then
q<=d;
end if;
end if;
end process;
end,;
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3.3.2 DFFRE

Verilog 7~4:
module dffre_init1 (clk, d, ce, rst, q );
input clk, d, ce, rst;
output reg g= 1'b0;
always @(posedge clk)begin
if (rst)begin
g <= 1'b0;
end
else begin
if (ce)begin
q<=d
end
end
end
endmodule
VHDL 7~
library IEEE;
use IEEE.STD_LOGIC_1164.ALL,;
entity dffre_init1 IS
PORT(q:OUT std_logic;
d:IN std_logic;
rst:IN std_logic;
ce: IN std_logic;
clk:IN std_logic
);
end dffre_init1;
ARCHITECTURE rtl OF dffre_init1 IS
begin
process(clk,rst,ce)
begin
if(clk 'event and clk ='1") then
if(rst="1")then
q<='0}
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3.3 FF

3.3.3 DFFPE

SUG949-1.9

elsif(ce="1")then

q<=D;
end if;
end if;
end process;
end;

Verilog 7~ :

module dffpe_test (clk, d, ce, preset, q );

input clk, d, ce, preset;
output reg g= 1'b1;

always @(posedge clk or posedge preset )begin

if (preset)begin
q <= 1b1;
end
else begin
if (ce)begin
q<=d;
end
end
end
endmodule
VHDL 7~
library ieee;
use ieee.std_logic_1164.all;

entity dffpe_test IS

PORT(
q:OUT std_logic;
d: IN std_logic;
clk:IN std_logic;
ce: IN std_logic;
preset:IN std_logic
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3.3 FF

3.3.4 DFFCE

SUG949-1.9

);
end dffpe_test;
ARCHITECTURE rtl OF dffpe_test IS
begin
process(clk,preset,ce)
begin
if(preset="1")then
q<="1",
elsif(clk 'event and clk ='1") then
if(ce="1") then
q<=D;
end if;
end if;
end process;

end;

Verilog 7~

module dffce_test (clk, d, ce, clear, q );
input clk, d, ce, clear;

output reg g= 1'b0;

always @(posedge clk or posedge clear )begin

if (clear)begin
q <= 1'b0;
end
else begin
if (ce)begin
q<=d;
end
end
end
endmodule
VHDL 7~
library IEEE;
use IEEE.STD_LOGIC_1164.ALL,;
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3.3 FF

SUG949-1.9

entity dffce_test IS
PORT(q:OUT std_logic;
d: std_logic;
clk:IN std_logic;
ce: IN std_logic;
clear:IN std_logic
);
end dffce_test;
ARCHITECTURE rtl OF dffce_test IS
begin
process(clk,clear,ce)
begin
if(clear="1")then
q<='0}
elsif(clk 'event and clk ='1") then
if(ce="1") then
q<=d;
end if;
end if;
end process;
end;
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3.4 LATCH

34 LATCH

3.4.1 DLCE

SUG949-1.9

BT A8 — PO P AU A7 A o HL B, T EREE AN PR R
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Verilog 7~ :
module rtl_DLCE (Q, D, G, CE, CLEAR);
input D, G, CLEAR, CE;
output reg Q=1'b0;
always @(D or G or CLEAR or CE ) begin
if (CLEAR)begin
Q <= 1'b0;
end
else begin
if (G && CE)begin
Q<=D;
end
end
end
endmodule
VHDL 7~
LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL;
ENTITY rtl_DLCE IS
PORT(D:IN STD_LOGIC;
CLEAR:IN STD_LOGIC;
G:IN STD_LOGIC;
Q:OUT STD_LOGIC;
CE:IN STD_LOGIC
);
END rtl_DLCE;
ARCHITECTURE rtl OF rtl_DLCE IS
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3.4 LATCH

3.4.2 DLPE

SUG949-1.9

BEGIN
PROCESS(G,D,CE,CLEAR)
BEGIN
IF (CLEAR="1"THEN
Q<="'0}
ELSIF (G="1"'AND CE="1"\THEN
Q<=D;
END IF;
END PROCESS;
END;

Verilog 7~
module rtl_DLPE (Q, D, G, CE, PRESET);
input D, G, PRESET, CE;
output reg Q= 1'b1;
always @(D or G or PRESET or CE ) begin
if(PRESET)begin
Q <=1D1;
end
else begin
if (G && CE)begin
Q <=D;
end
end
end
endmodule
VHDL 7~
LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL;
ENTITY rtl_DLPE IS
PORT(D:IN STD_LOGIC;
G:IN STD_LOGIC;
PRESET:IN STD_LOGIC;
Q:OUT STD_LOGIC;
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3.4 LATCH

CE:INSTD_LOGIC
);
END rtl_ DLPE;
ARCHITECTURE BEH OF rtl_ DLPE IS
BEGIN
PROCESS(G,D,PRESET,CE)
BEGIN
IF (PRESET="1"THEN
Q<="1"
ELSIF(G="1"'AND CE="1"\THEN
Q<=D;
END IF;
END PROCESS;
END;

SUG949-1.9
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4 BSRAM ZmiZH#Hi7E

BSRAM HUIRE &S FENLAFiE S, HATSAINIIRE. WK EL, o
a3 N RS (SP/SPX9). Xt 155 (DPB/DPX9B). XU I
(SDPB/SDPX9B) #1H #455 (pROM/pROMX9).

4.1 DPB/DPX9B

DPB/DPX9B [{I7Ef# 25 1843 H) A 16Kbit/18Kbit, T AFAR = A X 145
3 it 1A R 1 B $45 7] 43 ) b Sr SE B S AR, v 3CRE 2 P (bypass
AN pipeline #ix0) #1 2 F 5 (normal K. write-through #=0).
AT LAt R B 40 register. WIE 152 BUEE 7 T HEAT S B

4.1.1 EHIUELZIT register

Bl 223 register i, XS RRiz b bE register Tod% Hil 45 5 4% Hl 1B 1
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TR TR s

Verilog 7~8:

module top(data_outa, data_ina, addra, clka,cea, wrea,data_outb,
data_inb, addrb, clkb,ceb, wreb);

output [7:0]data_outa,data_outb;
input [7:0]data_ina,data_inb;
input [10:0]addra,addrb;

input clka,wrea,cea;

input clkb,wreb,ceb;

reg [7:0] mem [2047:0];

reg [10:0]addra_reg,addrb_reg;

always@(posedge clka)begin
addra_reg<=addra;
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end
always @(posedge clka)begin
if (cea & wrea) begin
mem[addra] <= data_ina;
end
end

assign data_outa = mem[addra_req];

always@(posedge clkb)begin
addrb_reg<=addrb;
end

always @(posedge clkb)begin

if (ceb & wreb) begin
mem[addrb] <= data_inb;

end

end

assign data_outb = mem[addrb_req];

endmodule

VHDL 7~

library IEEE;

use IEEE.std_logic_1164.all;

use IEEE.std_logic_unsigned.all;

entity top is
generic(
DATA_WIDTH : integer := §;
ADDRESS_WIDTH : integer := 11
);

port (
data_ina, data_inb :in STD_LOGIC_VECTOR(DATA_WIDTH

- 1 downto 0);
addra, addrb: in STD_LOGIC_VECTOR(ADDRESS_WIDTH

- 1 downto 0);
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clka, cea, wrea, clkb, ceb, wreb: in STD_LOGIC;

data_outa, data_outb : out
STD_LOGIC_VECTOR(DATA_WIDTH - 1 downto 0)

);
end top;

architecture rtl of top is

type mem_type is array (2**ADDRESS_WIDTH - 1 downto 0) of
STD_LOGIC_VECTOR (DATA_WIDTH - 1 downto 0);

signal mem : mem_type;

signal
addra_reg,addrb_reg:STD_LOGIC_VECTOR(ADDRESS WIDTH - 1
downto 0);

begin
process(clka)
begin
if (rising_edge(clka)) then
addra_reg<=addra;
end if;
end process;
process(clka)
begin
if (rising_edge(clka)) then
if(cea ="1" and wrea = '1') then
mem(conv_integer(addra)) <= data_ina;
end if;
end if;
end process;

data_outa <= mem(conv_integer(addra_req));

process(clkb)
begin
if (rising_edge(clkb)) then
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addrb_reg<=addrb;
end if;
end process;

data_outb <= mem(conv_integer(addrb_req));

process(clkb)
begin
if (rising_edge(clkb)) then
if(ceb ="1" and wreb ='1") then
mem(conv_integer(addrb)) <= data_inb;
end if;
end if;
end process;
end rtl;

4.1.2 {FEHIE AR Z5T Register, #itH45T Register

B bEANZ T register B, i H A AI& T register, it —2% register B}
N bypass R ; Z4id # 2% register I A pipeline f<2X.. LA normal. pipeline.
A2 2 A DPB NI/ E S, Hogmbs T A mT i T s

Verilog 7~

module top(data_outa, data_ina, addra, clka, cea, ocea, wrea, rsta,
data_outb, data_inb, addrb, clkb, ceb, oceb, wreb, rstb);

output reg [15:0]data_outa,data_outb;

input [15:0]data_ina,data_inb;

input [9:0]addra,addrb;

input clka,wrea,cea,ocea,rsta;

input clkb,wreb,ceb,oceb,rstb;

reg [15:0] mem [1023:0];

reg [15:0] data_outa_reg=16'n0000;

reg [15:0] data_outb_reg=16'h0000;

always@(posedge clka)begin
if(rsta)begin
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data_outa <= 0;
end
else begin
if (ocea)begin
data_outa <= data_outa_reg;
end
end
end
always@(posedge clka)begin
if(rsta)begin
data_outa_reg <= 0;
end
else begin
if(cea & lwrea)begin
data_outa_reg <= mem[addra];
end
end
end
always @(posedge clka)begin
if (cea & wrea) begin
mem[addra] <= data_ina;
end
end

always@(posedge clkb )begin
if(rstb)begin
data_outb <= 0;
end
else begin
if (oceb)begin
data_outb <= data_outb_reg;
end
end
end
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always@(posedge clkb )begin
if(rstb)begin
data_outb_reg <= 0;
end
else begin
if(ceb & 'wreb)begin
data_outb_reg <= mem[addrb];
end
end
end

always @(posedge clkb)begin

if (ceb & wreb) begin
mem[addrb] <= data_inb;

end

end

endmodule

VHDL 7~

library IEEE;

use IEEE.std_logic_1164.all;

use |IEEE.std_logic_unsigned.all;

entity top is
generic(
DATA_WIDTH : integer := 16;
ADDRESS_WIDTH : integer := 10
);
port (

data_ina, data_inb : in STD_LOGIC_VECTOR(DATA_WIDTH
- 1 downto 0);

addra, addrb: in STD_LOGIC_VECTOR(ADDRESS_WIDTH
- 1 downto 0);

clka, cea, ocea,wrea,rsta, clkb, ceb, oceb,wreb,rstb: in
STD _LOGIC;

data_outa, data_outb : out
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STD_LOGIC_VECTOR(DATA_WIDTH - 1 downto 0)
);
end top;

architecture rtl of top is

type mem_type is array (2**ADDRESS_WIDTH - 1 downto 0) of
STD_LOGIC_VECTOR (DATA_WIDTH - 1 downto 0);

signal mem : mem_type;

signal data_outa_reg, data_outb_reg:
STD_LOGIC_VECTOR(DATA_WIDTH - 1 downto 0);

begin
process(clka)
begin
if (rising_edge(clka)) then
if(cea ='1" and wrea ="'1") then
mem(conv_integer(addra)) <= data_ina;
end if;
end if;
end process;
process(clka)
begin
if (rising_edge(clka)) then
if(rsta="1")then
data_outa_reg<=(others=>'0");
else
if(cea = "1" and wrea ='0') then
data_outa_reg <= mem(conv_integer(addra));
end if;
end if;
end if;
end process;
process(clka)
begin
if (rising_edge(clka)) then

if(rsta="1")then
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data_outa<=(others=>'0");

else
if(locea ='1") then

data_outa <= data_outa_reg;

end if;

end if;

end if;
end process;

process (clkb)
begin
if (rising_edge(clkb)) then
if(rstb="1")then
data_outb <= (others=>'0");
else
if(oceb ='1") then
data_outb <= data_outb_reg;
end if;
end if;
end if;
end process;
process (clkb)
begin
if (rising_edge(clkb)) then
if(rstb="1")then
data_outb_reg <= (others=>'0");
else
if(ceb ="1" and wreb ='0") then
data_outb_reg <= mem(conv_integer(addrb));
end if;
end if;
end if;
end process;
process(clkb)
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begin
if (rising_edge(clkb)) then
if(ceb ='1" and wreb ="'1") then
mem(conv_integer(addrb)) <= data_inb;
end if;
end if;
end process;
end rtl;

4.1.3 memory E X B IR4{E

memory & X I IR#){E I GowinSynthesis 37§, H. Verilog language
F1% % system Verilog. UL normal. bypass. [[: & AR 1) DPB A4
AL, Hgmid e T W R s

Verilog 7~

module top(data_outa, data_ina, addra, clka,cea, wrea,rsta,data_outb,
data_inb, addrb, clkb,ceb, wreb,rstb);

output [3:0]data_outa,data_outb;

input [3:0]data_ina,data_inb;

input [2:0]addra,addrb;

input clka,wrea,cea,rsta;

input clkb,wreb,ceb,rstb;

reg [3:0] mem [7:0]={4'h1,4'h2,4'h3,4'h4,4'h5,4'h6,4'h7,4'h8};

reg [3:0] data_outa=4'h0;
reg [3:0] data_outb=4'h0;
always@(posedge clka)begin
if(rsta)begin
data_outa <= 0;
end
else begin
if(cea & 'wrea)begin
data_outa <= mem[addra];
end
end
end
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always @(posedge clka)begin
if (cea & wrea) begin
mem[addra] <= data_ina;
end
end

always@(posedge clkb)begin
if(rstb)begin
data_outb <= 0;

end
else begin
if(ceb & 'wreb)begin
data_outb <= mem[addrb];
end
end
end

always @(posedge clkb)begin

if (ceb & wreb) begin
mem[addrb] <= data_inb;

end

end

endmodule

VHDL 7~

library IEEE;

use IEEE.std_logic_1164.all;

use |IEEE.std_logic_unsigned.all;

entity top is
generic(
DATA_WIDTH : integer := 4;
ADDRESS_WIDTH : integer := 3
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port (
data_ina, data_inb : in STD_LOGIC_VECTOR(DATA_WIDTH

- 1 downto 0);
addra, addrb: in STD_LOGIC_VECTOR(ADDRESS_WIDTH

- 1 downto 0);

clka, cea, wrea,rsta, clkb, ceb, wreb,rstb: in STD_LOGIC;

data_outa, data_outb : out
STD_LOGIC_VECTOR(DATA_WIDTH - 1 downto 0)

);
end top;

architecture rtl of top is

type mem_type is array (2**ADDRESS_WIDTH - 1 downto 0) of
STD_LOGIC_VECTOR (DATA_WIDTH - 1 downto 0);

signal mem :
mem_type:=("0001","0010","0011","0100","0101","0110","0111","1000");

begin
process(clka)
begin
if (rising_edge(clka)) then
if(cea = "1" and wrea = '1') then
mem(conv_integer(addra)) <= data_ina;
end if;
end if;
end process;
process(clka)
begin
if (rising_edge(clka)) then
if(rsta="1")then
data_outa<=(others=>'0");
else
if(cea = "1" and wrea ='0") then
data_outa <= mem(conv_integer(addra));
end if;
end if;

end if;
SUG949-1.9 44(174)




4 BSRAM #ifid#ii 4.1 DPB/DPX9B

end process;

process (clkb)
begin
if (rising_edge(clkb)) then
if(rstb="1")then
data_outb <= (others=>'0");
else
if(ceb ="1" and wreb ='0") then
data_outb <= mem(conv_integer(addrb));
end if;
end if;
end if;
end process;
process(clkb)
begin
if (rising_edge(clkb)) then
if(ceb ="1" and wreb ='1") then
mem(conv_integer(addrb)) <= data_inb;
end if;
end if;
end process;
end rtl;

4.1.4 readmemb/readmemh 75\ #)ME

readmemb/ readmemh 77 SURE A AT N B2 XA PE, L
PVENERE SRR A LA normal. bypass. [Fl & A DPB A/ 48 H:
SEE,  HgmS TR Frs:

Verilog 7~5:

module top(data_outa, data_ina, addra, clka,cea, wrea,rsta,data_outb,
data_inb, addrb, clkb,ceb, wreb,rstb);

output [3:0]data_outa,data_outb;
input [3:0]data_ina,data_inb;
input [2:0]addra,addrb;
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SUG949-1.9

input clka,wrea,cea,rsta;
input clkb,wreb,ceb,rstb;
reg [3:0] mem [7:0];

reg [3:0] data_outa=4'h0;
reg [3:0] data_outb=4'h0;

initial begin
$readmemb ("E:/dpb.mi", mem);
end

always@(posedge clka)begin
if(rsta)begin
data_outa <=0;
end
else begin
if(cea & lwrea)begin
data_outa <= mem[addra];
end
end
end

always @(posedge clka)begin
if (cea & wrea) begin
mem[addra] <= data_ina;
end
end

always@(posedge clkb)begin
if(rstb)begin
data_outb <=0;
end
else begin
if(ceb & 'wreb)begin
data_outb <= mem[addrb];
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end
end
end

always @(posedge clkb)begin
if (ceb & wreb) begin
mem[addrb] <= data_inb;
end
end
endmodule

dpb.mi H5 40T fros:

0001

0010

0011

0100

0101

0110

0111

1000
Y|
H LA windows REESCFFIERAS T BRAT ', FTEMNE LT, 41 E:\dpb.mi.

4.1.5 byte-enable IgE

byte-enable LAEHIHEKI{L Arora V BSRAM £, H4mhd e zUran B
N

Verilog 7~

module Gowin_DPB (douta, doutb, clka, cea, reseta, wrea, clkb, ceb,
resetb, wreb, ada, dina, adb, dinb, byte_ena, byte_enb);

output reg [15:0] douta;
output reg [15:0] doutb;
input clka,cea,reseta,wrea;
input clkb,ceb,resetb,wreb;
input [9:0] ada,adb;

input [15:0] dina,dinb;
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input [1:0] byte_ena,byte_enb;

reg[15:0lmem[2**10-1:0];

always@(posedge clka)begin
if(cea & wrea)begin
if(byte_ena[0])begin
mem[ada][7:0]<=dina[7:0];
end
if(byte_ena[1])begin
mem[ada][15:8]<=dina[15:8];
end
end
end
always@(posedge clka)begin
if(reseta)begin
douta<=0;
end
else begin
if(cea & lwrea)begin
douta<=mem[ada];
end
end
end

always@(posedge clkb)begin
if(ceb & wreb)begin

if(byte_enb[0])begin
mem[adb][7:0]<=dinb[7:0];

end

if(byte_enb[1])begin
mem[adb][15:8]<=dinb[15:8];

end

SUG949-1.9
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end
end
always@(posedge clkb)begin
if(resetb)begin
doutb<=0;
end
else begin
if(ceb & 'wreb)begin
doutb<=meml[adb];
end
end

end

endmodule

VHDL 7~

library IEEE;

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

entity ram is
generic(
DATA_WIDTH : integer := 16;
ADDRESS_WIDTH : integer := 10
);
port (

dina, dinb : in STD_LOGIC_VECTOR(DATA_WIDTH - 1
downto 0);

addra, addrb: in STD_LOGIC_VECTOR(ADDRESS_WIDTH
- 1 downto 0);

clka, cea, wrea,rsta, clkb, ceb, wreb,rstb: in STD_LOGIC;
byte ena,byte_enb :in STD_LOGIC_VECTOR(1 downto 0);

douta, doutb : out STD_LOGIC_VECTOR(DATA_WIDTH -1
downto 0)

end ram;
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architecture rtl of ram is

type mem_type is array (2**ADDRESS_WIDTH - 1 downto 0) of
STD_LOGIC_VECTOR (DATA_WIDTH - 1 downto 0);

signal mem : mem_type;
begin
process(clka)
begin
if (rising_edge(clka)) then
if(cea ="1" and wrea = '1') then
if(byte_ena(0)='1")then

mem(conv_integer(addra))(7 downto 0) <=
dina(7 downto 0) ;

end if;
if(byte_ena(1)="1")then

mem(conv_integer(addra))(15 downto 8) <=
dina(15 downto 8) ;

end if;
end if;
end if;
end process;
process(clka)
begin
if (rising_edge(clka)) then
if(rsta="1")then
douta<=(others=>'0");
else
if(cea = "1"' and wrea ='0') then
douta <= mem(conv_integer(addra));
end if;
end if;
end if;
end process;

process (clkb)
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begin
if (rising_edge(clkb)) then
if(rstb="1")then
doutb <= (others=>'0");
else
if(ceb ="1" and wreb ='0") then
doutb <= mem(conv_integer(addrb));
end if;
end if;
end if;
end process;

process(clkb)
begin
if (rising_edge(clkb)) then
if(ceb ="1" and wreb ='1") then
if(byte_enb(0)='1")then

mem(conv_integer(addrb))(7 downto 0) <=
dinb(7 downto 0);

end if;
if(byte_enb(1)="1")then

mem(conv_integer(addrb))(15 downto 8) <=
dinb(15 downto 8);

end if;
end if;
end if;
end process;
end rtl;

4.2 SP/SPX9

SUG949-1.9

SP/SPX9 77f# 23 [f] A 16Kbit/18Kbit, H TR A sss i, h—
A s i) B 1R/ S 454, T SCRE 2 Mt (bypass #5230 pipeline
D A3 MERR (normal £z, write-through #& R 1 read-before-write
). #5441 SPISPX9, memory (BN 2778 ) 75 2 2 /D 2

1. BRAwE MR E>=1024
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2. f#H syn_ramstyle = "block_ram".

AT LAzt B 5 20 register. #IME 152 HUEE 5 AT LU A
!
Fi 4 Arora V #4132 5 read-before-write 5 15 202w A XK .

4.2.1 UL register

SUG949-1.9

BeihE 2850 register B, AN SRR register To a5 542 M I H
ZRE X255 A H write-through #50) SP. Dl B A& register 45141
A, Hgmig e n W R AR

Verilog 7~4:

module top(data_out, data_in, addr, clk,ce, wre);
output [9:0]data_out;

input [9:0]data_in;

input [9:0]addr;

input clk,wre,ce;

reg [9:0] mem [1023:0];

reg [9:0]addr_reg=10'h000;

always@(posedge clk)begin
addr_reg<=addr;

end

always @(posedge clk)begin
if (ce & wre) begin

mem[addr] <= data_in;

end

end

assign data_out = mem[addr_req];

endmodule

VHDL 7~

library IEEE;

use IEEE.std_logic_1164.all;

use |IEEE.std_logic_unsigned.all;

entity top is
generic( DATA_WIDTH : integer := 10;
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ADDRESS_WIDTH : integer := 10);

port (

data_in :in STD_LOGIC_VECTOR(DATA_WIDTH - 1 downto
0);

addr: in STD_LOGIC_VECTOR(ADDRESS_WIDTH - 1
downto 0);

clk,ce, wre: in STD_LOGIC,;

data_out : out STD_LOGIC_VECTOR(DATA _WIDTH -1
downto 0));

end top;

architecture rtl of top is
type mem_type is array (2**ADDRESS_WIDTH - 1 downto 0) of
STD_LOGIC_VECTOR (DATA_WIDTH - 1 downto 0);
signal mem : mem_type;

signal addr_reg : STD_LOGIC_VECTOR(ADDRESS _WIDTH - 1
downto 0);

begin

data_out <= mem(conv_integer(addr_req));

process (clk)
begin
if (rising_edge(clk)) then
addr_reg<=addr;
end if;
end process;

process (clk)
begin
if (rising_edge(clk)) then
if(ce ="1'and wre = "1")then
mem(conv_integer(addr)) <= data_in;
end if;
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end if;
end process;
end rtl;

4.2.2 U E 5T Register, #iH4&T Register

B AL IS register B, Hi A ZiZe it register, it —2% register Hf
 bypass ;4L P register i pipeline #3{. Ll write-through.
bypass. [FZ S A B SPXO M AHHSEHL, H g A mT 4k Fros:

Verilog 7~4:
module top(data_out, data_in, addr, clk,ce, wre,rst);
output reg [17:0]data_out=18'h00000;
input [17:0]data_in;
input [9:0]addr;
input clk,wre,ce,rst;
reg [17:0] mem [1023:0];
always@(posedge clk )begin
if(rst)begin
data_out <= 0;
end
else begin
if(ce & wre)begin
data_out <= data_in;
end
else begin
if (ce & wre)begin
data_out <= mem[addr];
end
end
end
end
always @(posedge clk)begin
if (ce & wre)begin
mem[addr] <= data_in;
end
end
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endmodule

VHDL 7R

library IEEE;

use IEEE.std_logic_1164.all;
use |IEEE.std_logic_unsigned.all;

entity ram is

generic( DATA_WIDTH : integer := 18;
ADDRESS_WIDTH : integer := 10);

port (

data_in :in STD_LOGIC_VECTOR(DATA_ WIDTH - 1 downto
0);

addr: in STD_LOGIC_VECTOR(ADDRESS _WIDTH -1
downto 0);

clk, ce, wre,rst: in STD_LOGIC,;

data_out: out STD_LOGIC_VECTOR(DATA_WIDTH - 1
downto 0));

end ram;

architecture rtl of ram is
type mem_type is array (2**ADDRESS_WIDTH - 1 downto 0) of
STD_LOGIC_VECTOR (DATA_WIDTH - 1 downto 0);
signal mem : mem_type;
begin
process (clk)
begin
if (rising_edge(clk)) then
if(ce = '1'and wre="1")then
mem(conv_integer(addr)) <= data_in;
end if;
end if;
end process;
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process (clk)
begin
if (rising_edge(clk)) then
if(rst = '"1")then
data_out<=(others=>'0");
else
if(ce = '1")then
if(wre="1"then
data_out <= data_in;
else
data_out <= mem(conv_integer(addr));
end if;
end if;
end if;
end if;
end process;

end rtl;

4.2.3 memory E X FIRH1{E
memory & X IR ¥]{E 7 Verilog language %% system Verilog. LA
normal. bypass. [F:EE AR SP A HHSEHL, Hgmi B aTin T
B
Verilog 7~

module top(data_out, data_in, addr, clk,ce, wre,rst) /*synthesis
syn_ramstyle="block ram"*/;

output [15:0]data_out;
input [15:0]data_in;
input [2:0]addr;

input clk,wre,ce,rst;

reg [15:0] mem [7:0]={16'h0123,16'h4567,16'h89ab,16'hcdef,
16'h0147,16'h0258,16'nh789a,16'h5678};

reg [15:0] data_out=16'h0000;
always@(posedge clk )begin
if(rst)begin

data_out <= 0;
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0);

end
else begin
if(ce & 'wre)begin

data_out <= meml[addr];

end
end
end
always @(posedge clk)begin
if (ce & wre)begin
mem[addr] <= data_in;
end
end
endmodule
VHDL 7~ :
library IEEE;
use IEEE.std_logic_1164.all;
use |IEEE.std_logic_unsigned.all;

entity top is

generic( DATA_WIDTH : integer := 16;

ADDRESS_WIDTH : integer := 3);

port (

data_in : in STD_LOGIC_VECTOR(DATA_WIDTH - 1 downto

addr: in STD_LOGIC_VECTOR(ADDRESS_WIDTH - 1

downto 0);

clk,ce, wre,rst: in STD_LOGIC;

data_out : out STD_LOGIC_VECTOR(DATA_WIDTH -1

downto 0));

SUG949-1.9

end top;

architecture rtl of top is

type mem_type is array (2**ADDRESS_WIDTH - 1 downto 0) of

STD_LOGIC_VECTOR (DATA_WIDTH - 1 downto 0);
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signal mem :
mem_type :=("0000000100100011","0100010101100111","100010011010
1011","1100110111101111","0000000101000111","0000001001011000","01
11100010011010","0101011001111000");

attribute syn_ramstyle:string;
attribute syn_ramstyle of mem : signal is "block_ram";
begin
process (clk)
begin
if (rising_edge(clk)) then
if(rst="1")then
data_out <=(others=>'0");
else
if(ce ="1" and wre ='0")then
data_out <= mem(conv_integer(addr));
end if;
end if;
end if;
end process;

process (clk)
begin
if (rising_edge(clk)) then
if(ce ='1'and wre = '1")then
mem(conv_integer(addr)) <= data_in;
end if;
end if;
end process;
end rtl;

4.2.4 readmemb/readmemh 75 R E¥]{E

readmemb/ readmemh 77 BB A FH N 75 3 2 g2 B 5, G RATEA
M2 FETF. LA normal. pipeline. [FI2B A SP i A~ 24 FLS2H,
gL 2UmT an s s :

Verilog 7~

module top(data_out, data_in, addr, clk, ce, oce, wre, rst)/*synthesis
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syn_ramstyle="block_ram"*/,
output reg [7:0]data_out=8'h00;
input [7:0]data_in;
input [2:0]addr;
input clk,wre,ce,oce,rst;
reg [7:0] mem [7:0];
reg [7:0] data_out_reg=8'h00;
initial begin
$readmemh ("E:/sp.mi", mem);
end

always@(posedge clk )begin
if(rst)begin
data_out <= 0;
end
else begin
if(oce)begin
data_out <= data_out_reg;
end
end
end
always@(posedge clk)begin
if(rst)begin
data_out_reg <= 0;
end
else begin
if(ce & !wre)begin
data_out_reg <= mem[addr];
end
end
end
always @(posedge clk)begin
if (ce & wre) begin
mem[addr] <= data_in;
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end
end

endmodule

sp.mi FE#% X
12

34

56

78

9a

bc

de

ff

4.2.5 byte-enable IhigE
byte-enable DhREIHEKIIY Arora V BSRAM 2%, HmGHEml4n T fr

7N
Verilog 7~
module Gowin_SP (dout, clk, ce, reset, wre, ad, din, byte_en);
output reg[35:0] dout;
input clk,ce,reset,wre;
input [7:0] ad;
input [35:0] din;
input [3:0] byte_en;

reg[35:0Jmem[2**8-1:0];

always@(posedge clk)begin
if(ce & wre)begin
if(byte_en[0])begin
mem[ad][8:0]<=din[8:0];
end
if(byte_en[1])begin
mem[ad][17:9]<=din[17:9];

end
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if(byte_en[2])begin
mem[ad][26:18]<=din[26:18];

end

if(byte_en[3])begin
meml[ad][35:27]<=din[35:27];

end

end
end

always@(posedge clk)begin
if(reset)begin
dout<=0;
end
else begin
if(ce & 'wre)begin
dout<=mem[ad];
end
end
end
endmodule
VHDL 7~
library IEEE;
use IEEE.std_logic_1164.all;
use IEEE.std_logic_unsigned.all;

entity Gowin_SP is

generic(
DATA_WIDTH : integer := 36;
ADDRESS_WIDTH : integer := 8

);

port (
din :in STD_LOGIC_VECTOR(DATA_WIDTH - 1 downto 0);
ad: in STD_LOGIC_VECTOR(ADDRESS_WIDTH - 1 downto
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clk,ce, wre,reset: in STD_LOGIC,;
byte en:in STD _LOGIC VECTOR(3 downto 0);
dout : out STD_LOGIC_VECTOR(DATA_WIDTH - 1 downto

);
end Gowin_SP;

architecture rtl of Gowin_SP is
type mem_type is array (2**ADDRESS_WIDTH - 1 downto 0) of
STD_LOGIC_VECTOR (DATA_WIDTH - 1 downto 0);
signal mem : mem_type ;
begin
process (clk)
begin
if (rising_edge(clk)) then
if(reset="1")then
dout <=(others=>'0");
else
if(ce ="1" and wre ='0")then
dout <= mem(conv_integer(ad));
end if;
end if;
end if;
end process;

process (clk)
begin
if (rising_edge(clk)) then
if(ce ="1'and wre = "1")then
if(byte_en(0)="1")then

mem(conv_integer(ad))(8 downto 0) <= din(8
downto 0);

end if;
if(byte_en(1)="1")then

mem(conv_integer(ad))(17 downto 9) <= din(17
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downto 9);
end if;
if(byte_en(2)="1")then

mem(conv_integer(ad))(26 downto 18) <=
din(26 downto 18);

end if;
if(byte_en(3)="1")then

mem(conv_integer(ad))(35 downto 27) <=
din(35 downto 27);

end if;
end if;
end if;
end process;
end rtl;

4.3 SDPB/SDPX9B

SDPB/SDPX9B 17 % 2311 43 F A 16Kbit/18Kbit, T /FEA =X Ay £l Xk 1 4%
3, SRR 2 Fhi i (bypass #zUF pipeline #i3) Al 1 F 54 5 (normal
R . 4 SDPB/SDPX9B, memory (s Zifrge ) Fa T
RFEM 22—
1. FdEAr ae s bk R >=1024;

2. {#H] syn_ramstyle = "block_ram".

4.3.1 memory Fo¥{E
L bypass. R E AR K SDPB NI/ A HSEHL, Hgmid ]
THUR:

Verilog 7~8:

module top(dout, din, ada, adb, clka, cea, clkb, ceb, resetb);
output reg[15:0]dout=16'h0000;

input [15:0]din;

input [9:0]ada, adb;

input clka, cea,clkb, ceb, resetb;

reg [15:0] mem [1023:0];

always @(posedge clka)begin
if (cea )begin
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meml[ada] <= din;
end
end

always@(posedge clkb)begin
if(resetb)begin
dout <= 0;
end
else if(ceb)begin
dout <= mem[adb];
end
end

endmodule

VHDL 7~

library IEEE;

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

entity top is
generic(
DATA_WIDTH : integer := 16;
ADDRESS_WIDTH : integer := 10
);
port (
din :in STD_LOGIC_VECTOR(DATA_WIDTH - 1 downto 0);

ada, adb: in STD_LOGIC_VECTOR(ADDRESS_WIDTH - 1
downto 0);

clka, cea, clkb, ceb,resetb: in STD_LOGIC;

dout : out STD_LOGIC_VECTOR(DATA_WIDTH - 1 downto
0));

end top;

architecture rtl of top is

type mem_type is array (2**ADDRESS_WIDTH - 1 downto 0) of
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STD_LOGIC_VECTOR (DATA_WIDTH - 1 downto 0);
signal mem : mem_type;
begin
process(clkb)
begin
if (rising_edge(clkb)) then
if (resetb="1")then
dout <=(others=>'0");

else
if(ceb = "1")then
dout <= mem(conv_integer(adb));
end if;
end if;
end if;

end process;

process (clka)
begin
if (rising_edge(clka)) then
if(cea = "1")then
mem(conv_integer(ada)) <= din;
end if;
end if;
end process;

end rtl;

4.3.2 memory E X BT IR #{E
VL pipeline. 55 E A SDPB AFIN AR SLBIE A, Homidr R
AT 7R
Verilog 7~5:

module top(data_out, data_in, addra, addrb, clka, cea, clkb, ceb,oce,
rstb)/*synthesis syn_ramstyle="block_ram"*/;

output reg[15:0]data_out=16'h0000;
input [15:0]data_in;
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input [2:0]addra, addrb;
input clka, cea, clkb, ceb, rstb,oce;

reg [15:0] mem [7:0]={16'h0123,16'h4567,16'h89ab,16'hcdef,
16'h0147, 16'h0258,16'h789a,16'h5678};

reg [15:0] data_out_reg=16'nh0000;

always @(posedge clka)begin
if (cea )begin
mem[addra] <= data_in;
end
end

always@(posedge clkb or posedge rstb)begin
if(rstb)begin
data_out_reg <= 0;
end
else if(ceb)begin
data_out_reg<= meml[addrb];
end
end
always@(posedge clkb or posedge rstb)begin
if(rstb)begin
data_out <= 0;
end
else if(oce)begin
data_out<= data_out_reg;
end
end
endmodule
VHDL R
library IEEE;
use |IEEE.std_logic_1164.all;
use IEEE.std_logic_unsigned.all;
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entity top is
generic(
DATA_WIDTH : integer := 16;
ADDRESS_WIDTH : integer := 3
);
port (

data_in :in STD_LOGIC_VECTOR(DATA_WIDTH - 1 downto
0);

addra, addrb: in STD_LOGIC_VECTOR(ADDRESS_WIDTH
- 1 downto 0);

clka, cea, clkb, ceb,rstb: in STD_LOGIC;

data_out : out STD_LOGIC_VECTOR(DATA_WIDTH - 1
downto 0));

end top;

architecture rtl of top is
type mem_type is array (2**ADDRESS_WIDTH - 1 downto 0) of
STD_LOGIC_VECTOR (DATA_WIDTH - 1 downto 0);

signal mem :
mem_type:=("0000000100100011","0100010101100111","1000100110101
011","1100110111101111","0000000101000111","0000001001011000","011
1100010011010","0101011001111000");

attribute syn_ramstyle:string;
attribute syn_ramstyle of mem : signal is "block_ram";
begin
process(clkb,rstb)
begin
if (rstb="1")then
data_out <=(others=>'0");
else
if (rising_edge(clkb)) then
if(ceb = "1")then
data_out <= mem(conv_integer(addrb));
end if;
end if;
end if;
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end process;

process (clka)
begin
if (rising_edge(clka)) then
if(cea = "1")then
mem(conv_integer(addra)) <= data_in;
end if;
end if;
end process;

end rtl;

4.3.3 readmemb/readmemh 5 R#){E
readmemb/ readmemh J7 AUBRE AL EAT 8 FH I F 0 SRR B S, 15 LA
‘TYE R BR AT UL bypass. P B AL SDPB JFl /- A s, H
i T a0 B
Verilog 7~

module top(dout, din, ada, adb, clka, cea, clkb, ceb, resetb)/*synthesis
syn_ramstyle="block _ram"*/;

output reg[7:0]dout=8'nh00;
input [7:0]din;
input [2:0]ada, adb;
input clka, cea,clkb, ceb, resetb;
reg [7:0] mem [7:0];
initial begin
$readmemh ("E:/sdpb.mi", mem);
end

always @(posedge clka)begin
if (cea )begin
mem[ada] <= din;
end
end

SUG949-1.9 68(174)




4 BSRAM #ifid#ii 4.3 SDPB/SDPX9B

always@(posedge clkb or posedge resetb)begin
if(resetb)begin
dout <= 0;
end
else if(ceb)begin
dout <= mem[adb];
end
end

endmodule

sdpb.mi 5 #2001
12

34

56

78

Oa

bc

de

ff

434 BT FRER
L ar e e A BSRAM i & F iR &k —:
1. memory RJE>=5 H memory R E*H#E 7 5>256, H memory %! =2
B n X7 +1;
2. WINJ@MEZIR syn_sristyle="block_ram", H memory & ! =2 fn X
J7+1, memory VR E>=5,
UL bypass. [Al#E A SDPX9B /M8 Hseil, HamigRalin T
F7:
Verilog 7~
module p_segshift(clk, we, din, dout);
parameter width=18;
parameter depth=16;
input clk, we;
input [width-1:0] din;
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output [width-1:0] dout;

reg [width-1:0] regBank[depth-1:0];

always @(posedge clk) begin
if (we) begin
regBank[depth-1:1] <= regBank[depth-2:0];
regBank[0] <= din;
end

end

assign dout = regBank[depth-1];
endmodule

VHDL 7~ :

Library IEEE;

use IEEE.std_logic_1164.all;
use |IEEE.std_logic_unsigned.all;

entity p_seqshift is

generic(
width: integer := 18;
depth: integer := 16

);

port(
clk : in std_logic;
we : in std_logic;
din : in std_logic_vector(width-1 downto 0);
dout : out std_logic_vector(width-1 downto 0)

end entity;
architecture Behavioral of p_seqshift is
TYPE matrix_index is array (depth-1 downto 0) of
std_logic_vector(width-1 downto 0);

SUG949-1.9 70(174)




4 BSRAM #ifid#ii 4.3 SDPB/SDPX9B

signal regBank: matrix_index;
begin
PROCESS(clk) begin
IF(clk'event and clk = '1") then
IF (we ='1") then
foriin 1 to depth-1 loop
regBank(i) <= regBank(i-1);
end loop;
regBank(0) <= din;
end IF;
end IF;
end PROCESS;
dout <= regBank(depth-1);
END Behavioral;

4.3.5 T FRAEH
AhFFr L4 SDPB. L bypass. [R5 A=Y SDPB A/
AILSEBL, Hegmd e sCrT an s pros:
Verilog 7~
module top(dout, din, ada, clka, cea, adb, clkb, ceb, rstb);
parameter adawidth = 8;
parameter diwidth = 6;
parameter adbwidth = 7;
parameter dowidth = 12;

output [dowidth-1:0]dout;

input [diwidth-1:0]din;

input [adawidth-1:0]ada;

input [adbwidth-1:0]adb;

input clka,cea,clkb,ceb,rstb;

reg [diwidth-1:0Jmem [2**adawidth-1:0];
reg [dowidth-1:0]dout_reg;

localparam b = 2**adawidth/2**adbwidth ;
integer j ;
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always @(posedge clka)begin
if (cea)begin
mem[ada] <= din;
end
end

always@(posedge clkb )begin
if(rstb)begin
dout_reg <= 0;
end
else begin
if(ceb)begin
for(j = 05j < b;j = j+1)

dout_reg[((j+1)*diwidth-1)-: diwidth]<=
mem[adb*b+j];

end
end

end
assign dout = dout_reg;
endmodule
VHDL 7~
library IEEE;
use IEEE.std_logic_1164.all;
use IEEE.std_logic_unsigned.all;

entity top is

generic( DATA_WIDTHB : integer := 12;
ADDRESS_WIDTHB : integer := 7;
ADDRESS_WIDTHA : integer := 8;
DATA _WIDTHA : integer := 6

port (
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din : in STD_LOGIC_VECTOR(DATA_WIDTHA - 1 downto 0);
ada: in STD_LOGIC_VECTOR(ADDRESS_WIDTHA - 1 downto

clka, cea, clkb, ceb, rstb: in STD_LOGIC;
adb: in STD_LOGIC_VECTOR(ADDRESS_WIDTHB - 1 downto

dout : out STD_LOGIC_VECTOR(DATA_WIDTHB - 1 downto 0));
end top;

architecture rtl of top is

type mem_type is array (2**ADDRESS_WIDTHA - 1 downto 0) of
STD_LOGIC_VECTOR (DATA_WIDTHA - 1 downto 0);

signal mem : mem_type;
begin
process (clka)
begin
if (rising_edge(clka)) then
if(cea = "1")then
mem(conv_integer(ada)) <= din;
end if;
end if;
end process;

process(clkb)
begin
if (rising_edge(clkb)) then
if (rstb="1")then
dout <=(others=>'0");
else
if(ceb ='1")then

dout(DATA_WIDTHA*1 - 1 downto DATA_WIDTHA*0)
<= mem(conv_integer(adb&'0"));

dout(DATA_WIDTHA*2 - 1 downto DATA_WIDTHA*1)
<= mem(conv_integer(adb&'1"));

end if;
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end if;
end if;
end process;

end rtl;
4.3.6 Decoder 3\

A bypass. [F2BE A 1) SDPB AFI AL, Hgmht =] in

THR:
Verilog 7~

module top (data_out, data_in, wad, rad,rst, clk,wre)/*synthesis
syn_ramstyle="block_ram"*/;;

parameter init0 = 16'h1234;
parameter init1 = 16'h5678;
parameter init2 = 16'h9abc;
parameter init3 = 16'h0147;

output reg[3:0] data_out;
input [3:0]data_in;

input [3:0]wad,rad;

input clk,wre,rst;

reg [15:0] memO0=init0;
reg [15:0] mem1=init1;
reg [15:0] mem2=init2;
reg [15:0] mem3=init3;
always @(posedge clk)begin
if (wre) begin
mem0O[wad] <= data_in[0];
mem1[wad] <= data_in[1];
mem2[wad] <= data_in[2];
mema3[wad] <= data_in[3];
end
end
always @(posedge clk)begin
if(rst)begin
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data_out<=16'h00;
end
else begin
data_out[0] <= memO[rad];
data_out[1] <= mem1[rad];
data_out[2] <= memZ2[rad];
data_out[3] <= mem3[rad];
end
end
endmodule
VHDL 7~
library IEEE;
use IEEE.std_logic_1164.all;
use IEEE.std_logic_unsigned.all;

entity top is
port (
data_in:in STD_LOGIC_VECTOR(3 downto 0);
wad: in STD_LOGIC_VECTOR(3 downto 0);
clk, wre,rst: in STD_LOGIC;
rad: in STD_LOGIC_VECTOR(3 downto 0);
data_out : out STD_LOGIC_VECTOR(3 downto 0)
);
attribute syn_ramstyle : string;
attribute syn_ramstyle of top : entity is "block_ram";
end top;

architecture rtl of top is

signalmemO : STD_LOGIC_VECTOR(15 downto
0) :="0001001000110100";

signalmem1: STD_LOGIC_VECTOR(15 downto
0) :="0101011001111000";

signalmem2 : STD_LOGIC_VECTOR(15 downto
0) :="1001101010111100";

signalmem3: STD_LOGIC_VECTOR(15 downto
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0) :="0000000101000111";

begin
process (clk)
begin

if (rising_

edge(clk)) then

if(wre = "1")then

end
end if;
end process;

process(clk)
begin

if (rising_

memO(conv_integer(wad)) <= data_in(0);
) <= data_in(1);
) <= data_in(2);
mem3(conv_integer(wad)) <= data_in(3);
if:

mem1(conv_integer(wad

(wad)
(wad)
(wad)
(wad)

(
memz2(conv_integer
(

edge(clk)) then

if (rst="1")then

else

end if;
end process;
end rtl;

4.3.7 byte-enable Ih&E

SUG949-1.9

byte-enable DJREIHERI{Y Arora V BSRAM S FF,

N
Verilog 7~51:

data_out <=(others=>'0");

<= memO(conv_integer(rad));
)i
);

<= mem3(conv_integer(rad));

<= mem1(conv_integer(rad

) ( (rad)
) ( (rad)
) <= mem2(conv_integer(rad)
) ( (rad)

3

G i1 AT 4R fr

module Gowin_SDPB (dout, clka, cea, clkb, ceb, reset, ada, din, adb,

byte ena);
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output reg[31:0] dout;
input clka,cea;

input clkb,ceb;

input reset;

input [7:0] ada,adb;
input [31:0] din;

input [3:0] byte_ena;

reg[31:0Jmem[2**8-1:0];

always@(posedge clka)begin
if(cea)begin
if(byte_ena[0])begin
meml[ada][7:0]<=din[7:0];
end
if(byte_ena[1])begin
mem[ada][15:8]<=din[15:8];
end
if(byte_ena[2])begin
mem[ada][23:16]<=din[23:16];
end
if(byte_ena[3])begin
mem[ada][31:24]<=din[31:24];
end
end
end
always@(posedge clkb)begin
if(reset)begin
dout<=0;
end
else begin
if(ceb)begin
dout<=mem[adb];
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end
end

end
endmodule
VHDL 7~
library IEEE;
use IEEE.std_logic_1164.all;
use IEEE.std_logic_unsigned.all;

entity ram is
generic(
ADDRESS WIDTH : integer := 8;
DATA_WIDTH : integer := 32
);
port (
din : in STD_LOGIC_VECTOR(DATA_WIDTH - 1 downto 0);
ada: in STD_LOGIC_VECTOR(ADDRESS_WIDTH - 1 downto 0);
clka, cea, clkb, ceb,reset: in STD_LOGIC;
adb: in STD_LOGIC_VECTOR(ADDRESS_WIDTH - 1 downto 0);
byte ena:in STD _LOGIC_VECTOR(3 downto 0);
dout : out STD_LOGIC_VECTOR(DATA_WIDTH - 1 downto 0));
end ram;

architecture rtl of ram is

type mem_type is array (2**ADDRESS_WIDTH - 1 downto 0) of
STD_LOGIC_VECTOR (DATA_WIDTH - 1 downto 0);

signal mem : mem_type;
begin
process(clkb)
begin
if (rising_edge(clkb)) then
if (reset="1")then
dout <=(others=>'0");

else
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if(ceb = "1")then
dout <= mem(conv_integer(adb));
end if;
end if;
end if;
end process;

process (clka)
begin
if (rising_edge(clka)) then
if(cea = "1")then
if(byte_ena(0)='1")then

mem(conv_integer(ada))(7 downto 0) <= din(7
downto 0);

end if;

if(byte_ena(1)="1")then

mem(conv_integer(ada))(15 downto 8) <=
din(15 downto 8);

end if;
if(byte_ena(2)='1")then

mem(conv_integer(ada))(23 downto 16) <=
din(23 downto 16);

end if;
if(byte_ena(3)='1")then

mem(conv_integer(ada))(31 downto 24) <=
din(31 downto 24);

end if;
end if;
end if;
end process;
end rtl;
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4.4 pROM/pROMX9

PROM/pROMX9(16K/18K Block ROM), 16Kbit/18Kbit Hlf H ik 47 5.
HTAER AN R i, TS HF 2 it X (bypass 51 pipeline £0
pROM/pROMX9 HIlit{E /7 :\H case i&f). readmemb/readmemh. memory
IR S 7 AR . 256 pROM, FHFZEDE TRz —:

1 EAEAL TE* IR fE>=1024, HhhbiRE>32

2§ F syn_romstyle = "block_rom"

4.4.1 case IBAIRYE
L bypass. [FI2PE AR K pROM NFIFHH eI, Hgmd A mTan
THR:
Verilog 7~

module top(clk,rst,ce,addr,dout)/*synthesis
syn_romstyle="block_rom"*/ ;

input clk;

input rst,ce;

input [4:0] addr;

output reg [31:0] dout=32'h00000000;

always @(posedge clk )begin
if (rst) begin
dout <=0;
end
else begin
if(ce)begin
case(addr)
5'h00: dout <= 32'h52853fd5;
5'h01: dout <= 32'h38581bd2;
5'h02: dout <= 32'h040d53e4;
5'h03: dout <= 32'h22ce7d00;
5'h04: dout <= 32'h73d90e02;
5'h05: dout <= 32'hcOb4bf1c;
5'h06: dout <= 32'hec45e626;
5'h07: dout <= 32'hd9d000d9;
5'h08: dout <= 32'haacf8574;
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5'h09: dout <= 32'hb655bf16;
5'h0a: dout <= 32'h8c565693;
5'h0b: dout <= 32'hb19808d0;
5'h0c: dout <= 32'he073036€;
5'h0d: dout <= 32'h41b923f6;
5'h0e: dout <= 32'hdce89022;
5'hOf: dout <= 32'hba17fce1;
5'h10: dout <= 32'hd4dec5de;
5'h11: dout <= 32'ha18ad699;
5'h12: dout <= 32'h4a734008;
5'h13: dout <= 32'h5c32ac0e;
5'h14: dout <= 32'h8f26bdd4;
5'n15: dout <= 32'hb8d4aab6;
5'h16: dout <= 32'hf55e3c77;
5'h17: dout <= 32'h41a5d418;
5'h18: dout <= 32'hba172648;
5'h19: dout <= 32'h5c651d69;
5'h1a: dout <= 32'h445469c3;
5'h1b: dout <= 32'h2e49668Db;
5'h1c: dout <= 32'hdc1aa05b;
5'h1d: dout <= 32'hcebfedcd;
5'h1e: dout <= 32'h1e1f0f1e;
5'h1f: dout <= 32'h86fd31ef;
default: dout <= 32'h8e9008a6;
endcase
end
end

end

endmodule

VHDL 74

library ieee;

use ieee.std_logic_1164.all;

ENTITY top is
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PORT (
clk:IN STD_LOGIC;
ce,rst:IN STD_LOGIC;

addr : STD_LOGIC_VECTOR(4 DOWNTO 0);
dout:OUT STD_LOGIC_VECTOR(31 DOWNTO 0)

);

attribute syn_romstyle : string;

attribute syn_romstyle of top : entity is "block_rom";

end top;

ARCHITECTURE rtl OF top IS
BEGIN
PROCESS(clk)
BEGIN
IF(clk'EVENT AND clk="1") THEN
IF(rst="1)THEN
dout<=(OTHERS=>'0");
ELSE
IF(ce="1")THEN

CASE addr IS
WHEN b"00000"=> dout <= x"52853fd5";
WHEN b"00001"=> dout <= x"38581bd2";
WHEN b"00010"=> dout <= x"040d53e4";
WHEN b"00011"=> dout <= x"22ce7d00";
WHEN b"00100"=> dout <= x"73d90e02";
WHEN b"00101"=> dout <= x"cOb4bf1c";
WHEN b"00110"=> dout <= x"ec45e626";
WHEN b"00111"=> dout <= x"d9d000d9";
WHEN b"01000"=> dout <= x"aacf8574";
WHEN b"01001"=> dout <= x"b655bf16";
WHEN b"01010"=> dout <= x"8c565693";
WHEN b"01011"=> dout <= x"b19808d0";
WHEN b"01100"=> dout <= x"e073036e";
WHEN b"01101"=> dout <= x"41b923f6";
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WHEN b"01110"=> dout <= x"dce89022";
WHEN b"01111"=> dout <= x"ba17fce1";
WHEN b"10000"=> dout <= x"d4dec5de";
WHEN b"10001"=> dout <= x"a18ad699";
WHEN b"10010"=> dout <= x"4a734008";
WHEN b"10011"=> dout <= x"5c32ac0e";
WHEN b"10100"=> dout <= x"8f26bdd4";
WHEN b"10101"=> dout <= x"b8d4aab6";
WHEN b"10110"=> dout <= x"f55e3c77";
WHEN b"10111"=> dout <= x"41a5d418";
WHEN b"11000"=> dout <= x"ba172648";
WHEN b"11001"=> dout <= x"5¢c651d69";
WHEN b"11010"=> dout <= x"445469c3";
WHEN b"11011"=> dout <= x"2e49668b";
WHEN b"11100"=> dout <= x"dc1aa05b";
WHEN b"11101"=> dout <= x"cebfe4cd";
WHEN b"11110"=> dout <= x"1e1f0f1e";
WHEN b"11111"=> dout <= x"86fd31ef";
WHEN OTHERS => dout <= x"8e9008a6";

END CASE;
END IF;
END IF;
END IF;
END PROCESS;

END rtl;

4.4.2 memory E X FIRK#{E

memory & I IRA{E 7 Verilog language %% system Verilog. Ll
bypass. [FZ ALK pROM Jfi A H LB, Hgmid T an T B
TN

Verilog 7~

module top ( clk, addr,rst, data_out)/* synthesis syn_romstyle =
"block_rom" */;

input clk;
input rst;

SUG949-1.9 83(174)




4 BSRAM #ifid#ii 4.4 pPROM/pROMX9

input [3:0] addr;
output reg[3:0] data_out;

reg [3:0] mem [15:0]={4'h1,4'h2,4'h3,4'h4,4'h5,4'n6,4'nh7,4'h8,4'h9,4'ha,
4'hb, 4'hc,4'hd,4'he,4'hf,4'hd};

always @(posedge clk)begin
if (rst) begin
data_out <= 0;
end
else begin
data_out <= meml[addr];;
end
end
endmodule
VHDL 7~
library ieee;
use ieee.std_logic_1164.all;
use IEEE.std_logic_unsigned.all;
ENTITY top is
generic(
Width : integer := 32;
Depth : integer := 5
);
PORT (clk:IN STD_LOGIC;
ce,rst:IN STD_LOGIC;
addr : STD_LOGIC_VECTOR(Depth-1 DOWNTO 0);
dout:OUT STD_LOGIC_VECTOR(Width-1 DOWNTO 0)
);
attribute syn_romstyle:string;
attribute syn_romstyle of top : entity is "block_rom";
end top;

ARCHITECTURE rtl OF top IS
signal data_out :STD_LOGIC_VECTOR(Width-1 DOWNTO 0);
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TYPE vector_array IS ARRAY(2**Depth-1 DOWNTO 0) OF
STD_LOGIC_VECTOR(Width-1 DOWNTO 0);

CONSTANT mem:vector_array:=(
"01110010010011000010110011001010",

"01110100111100101111010111001010","10100001001010000011010011
101011","11010100001111001111010000000010","0001000010000001110
0000010010110",

"00100100101000010010000011111011","0000101001010100011101111
0111110","11100001011101110111010111110101","11111000111111110110
000000001111",

"01011001100101100001010110010010","1000111011010110000011100
1011011","10101101100011110100011110111010","0000000101001111001
1011100100111",

"00111010101001100100101011011010","11110111001110111010010101
111111","01000100101110001110101001100001","10110111011101011011
111000100111",

"11010100101101011001101101101111","1100101010000001100100010
1001011","10111101110100000001101011010001","001100101110011001
00110010011011",

"11101011101010000010000101101100","1000110101111010100010110
1010010","00000001101110010110111011100011","0101111110011010110
1011000000110",

"01100110001100100010001101100111","00111010010110111101010011
101000","01001001010111110111100111011001","0100001000100110111
0100110010000",

"10001111001010011111101000000001","01001111001110101101110111
001110","11010011001111011010111110110100");

BEGIN
PROCESS(clk)
BEGIN
IF(ckEVENT AND clk="1") THEN
IF(rst="1")THEN
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data_out<=(OTHERS=>'0"),
ELSE
IF(ce="1") THEN
data_out<=mem(conv_integer(addr));
END IF;
END IF;
END IF;
END PROCESS;
dout<=data_out;
END rtl;
4.4.3 readmemb/readmemh 5 IR#){E
readmemb/ readmemh 75 sURE 7E HEAT (6 HI N 0 S Eg AR 155, 7 A
THE R AR AT . LA pipeline. 50 S AIEIZNH) pROM i 443 F S,
Hegw b 1 2T an s phros
Verilog 7~
module top ( clk, addr, rst ,data_out);
input clk;
input rst;
input [4:0] addr;
output reg [31:0] data_out;
reg [31:0] mem [31:0] /* synthesis syn_romstyle = "block_rom" */;
reg [31:0] data_out_reg;
initial begin
$readmemh ("E:/prom.ini", mem);
end
always @(posedge clk or posedge rst)begin
if(rst)begin
data_out_reg <=0;
end
else begin
data_out_reg <= mem[addr];
end
end
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always @(posedge clk or posedge rst)begin
if(rst)begin
data_out <=0;
end
else begin
data_out <= data_out_reg;
end
end
endmodule

prom.ini 4R
11001100
11001100
11001100
11001100
17001100
11001100
16001100
1f001100
11111100
11111100
11001110
11000111
11000111
11001110
11011100
11001110

87(174)




5 SSRAM Zmig#lia 5.1 RAM16S 2%

5 SSRAM ZmiZHETE

SSRAM J2& 734 sUEf S BEN LAt %, AT T B R s AR, Dy g 1A
R H B 2

5.1 RAM16S 28!

RAM16S 24414 RAM16S1. RAM16S2. RAM16S4, H[X HI7E T %
A% 8 . RAM16S 2871 LR A Decoder. Memory. 447 27 /7 25 55 7
RiFATHE, HEaH RAM16S, memory (R 2788 T LA
A AN A
1. bk A A2 register;

2.5 43 register, MR EE A7 55 <1024,
3.8 @ 14 syn_ramstyle="distributed_ram".

5.1.1 Decoder X\
LA RAM16S4 Jy, /41 Decoder Ji2 U S, Hogw A% 20RT 40 T fros -
Verilog 7~
module top (data_out, data_in, addr, clk,wre);
parameter init0 = 16'h1234;
parameter init1 = 16'h5678;
parameter init2 = 16'h9abc;
parameter init3 = 16'h0147;

output [3:0]data_out;
input [3:0]data_in;
input [3:0]addr;

input clk,wre;

reg [15:0] memO=init0;
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reg [15:0] mem1=init1;
reg [15:0] mem2=init2;
reg [15:0] mem3=init3;

always @(posedge clk)begin
if (wre) begin
mem0O[addr] <= data_in[0];
mem1[addr] <= data_in[1];
mem2[addr] <= data_in[2];
mem3[addr] <= data_in[3];
end
end

assign data_out[0] = memO[addr];
assign data_out[1] = mem1[addr];
assign data_out[2] = mem2[addr];
assign data_out[3] = mem3[addr];
endmodule

VHDL 7~

library IEEE;

use IEEE.std_logic_1164.all;

use IEEE.std_logic_unsigned.all;

entity top is
port (
data_in:in STD_LOGIC_VECTOR(3 downto 0);
addr: in STD_LOGIC_VECTOR(3 downto 0);
clk, wre: in STD_LOGIC;
data_out : out STD_LOGIC_VECTOR(3 downto 0)
);
end top;

architecture rtl of top is
signal memO : STD_LOGIC_VECTOR(15 downto
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0) :="0001001000110100";

signalmem1: STD_LOGIC_VECTOR(15 downto
0) :="0101011001111000";

signalmem2 : STD_LOGIC_VECTOR(15 downto
0) :="1001101010111100";

signalmem3: STD_LOGIC_VECTOR(15 downto
0) :="0000000101000111";

begin
process (clk)
begin
if (rising_edge(clk)) then
if(wre = '"1")then
memO(conv_integer(addr)) <= data_in(0);

mem1(conv_integer(addr)) <= data_in(1);

(addr)
(addr)
(addr)
(addr)

(
memz2(conv_integer(addr)) <= data_in(2);
mem3(conv_integer(addr)) <= data_in(3);
end if;
end if;

end process;

data_out(0) <= memO(conv_integer(addr));
data_out(1) <= mem1(conv_integer(addr));

H

k

data_out(2) <= mem2(conv_integer(addr)

( )
( )
( )
( );

H

data_out(3) <= mem3(conv_integer(addr)

end rtl;
5.1.2 Memory 3\

memory AR $EHME 2058 memory LHMEE . memory & X
R A11E LA & readmemh/readmemb £, memory & iR AI{E B &
readmemh/readmemb JE R iE5 2% 4.1.4 readmemb/readmemh J57 IR A4 ,

VNSV NEER - 57
PL RAM16S4 N, /44 memory TEHME U SEEL, Hgmad i 20n]
THR:

Verilog 7~
module top(data_out, data_in, addr, clk, wre);
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output [3:0]data_out;
input [3:0]data_in;
input [3:0]addr;
input clk,wre;
reg [3:0] mem [15:0];
always @(posedge clk)begin
if (wre) begin
mem[addr] <= data_in;
end
end
assign data_out = mem[addr];
endmodule
VHDL 7~4:
library IEEE;
use IEEE.std_logic_1164.all;
use IEEE.std_logic_unsigned.all;

entity top is
generic(
DATA_WIDTH : integer := 4;
ADDRESS_WIDTH : integer := 4

port (

data_in :in STD_LOGIC_VECTOR(DATA_ WIDTH - 1 downto
0);

addr: in STD_LOGIC_VECTOR(ADDRESS _WIDTH -1
downto 0);

clk, wre: in STD_LOGIC;

data_out : out STD_LOGIC_VECTOR(DATA_WIDTH -1
downto 0)

);
end top;

architecture rtl of top is
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type mem_type is array (2**ADDRESS_WIDTH - 1 downto 0) of
STD_LOGIC_VECTOR (DATA_WIDTH - 1 downto 0);
signal mem : mem_type;
begin
data_out <= mem(conv_integer(addr));
process (clk)
begin
if (rising_edge(clk)) then
if( wre = "1")then
mem(conv_integer(addr)) <= data_in;
end if;
end if;
end process;
end rtl;

513 B FFRER
i 2 LR A —
1. memory #Z>3 H 8<memory R E*H¥E i 5 <=256, H memory IR E
=2 I n IR 5 ;
2. WINJ@MEZIR syn_sristyle= "distributed_ram", H. memory /& =2 f#] n
7, memory YR>3 H memory R HdE A7 75 >8.
PL GowinSynthesis %4 H RAM16S4 96, /B Ar 2547 28 T R ) 2
W, Hgmbd 2w an T B
Verilog 7~
module p_segshift(clk, we, din, dout);
parameter width=18;
parameter depth=4;
input clk, we;
input [width-1:0] din;
output [width-1:0] dout;

reg [width-1:0] regBank[depth-1:0];

always @(posedge clk) begin
if (we) begin
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regBank[depth-1:1] <= regBank[depth-2:0];
regBank[0] <= din;
end

end

assign dout = regBank[depth-1];
endmodule

VHDL 7R

Library IEEE;

use IEEE.std_logic_1164.all;
use |IEEE.std_logic_unsigned.all;

entity p_seqshift is

generic(
width: integer := 18;
depth: integer := 4

);

port(
clk : in std_logic;
we : in std_logic;
din : in std_logic_vector(width-1 downto 0);
dout : out std_logic_vector(width-1 downto 0)

end entity;
architecture Behavioral of p_seqgshift is

TYPE matrix_index is array (depth-1 downto 0) of
std_logic_vector(width-1 downto 0);

signal regBank: matrix_index;
begin
PROCESS(clk) begin
IF(clk'event and clk ='1") then
IF (we ='1") then
foriin 1 to depth-1 loop

SUG949-1.9
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regBank(i) <= regBank(i-1);
end loop;
regBank(0) <= din;
end IF;
end IF;
end PROCESS;
dout <= regBank(depth-1);
END Behavioral;

5.2 RAM16SDP 2£#!

RAM16SDP 257414 RAM16SDP1. RAM16SDP2. RAM16SDP4,
LX) AE T A 96 95 . RAMA6SDP A7) LK F Decoder. Memory.
AL AT S, #4461 RAM16SDP, memory (BRFE L7517

e /i LA Hod — AN %Ak
1. b hE AN A2 register;

2.3 b B 20 register,  HUMER B EE A7 B <1024 ;

3.8 @ 14 syn_ramstyle="distributed_ram".
5.2.1 Decoder R

L RAM16SDP4 Jy5l, 441 Decoder JE X SEHL, Hgmfd\rr a0~

F7:
Verilog 7~
module top (data_out, data_in, wad, rad, clk,wre);
parameter init0 = 16'h1234;
parameter init1 = 16'h5678;
parameter init2 = 16'h9abc;
parameter init3 = 16'h0147;

output [3:0]data_out;
input [3:0]data_in;
input [3:0]wad,rad;
input clk,wre;

reg [15:0] memO=initO;
reg [15:0] mem1=init1;
reg [15:0] mem2=init2;

reg [15:0] mem3=init3;
SUG949-1.9
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always @(posedge clk)begin
if (wre) begin
mem0O[wad] <= data_in[0];
mem1[wad] <= data_in[1];
mem?2[wad] <= data_in[2];
mem3[wad] <= data_in[3];
end
end

assign data_out[0] = memOJ[rad];
assign data_out[1] = mem1[rad];
assign data_out[2] = mem2[rad];
assign data_out[3] = mem3[rad];
endmodule

VHDL 7~ :

library IEEE;

use IEEE.std_logic_1164.all;
use |IEEE.std_logic_unsigned.all;

entity top is
port (
data_in : in STD_LOGIC_VECTOR(3 downto 0);
wad: in STD_LOGIC_VECTOR(3 downto 0);
clk, wre: in STD_LOGIC;
rad: in STD_LOGIC_VECTOR(3 downto 0);
data_out : out STD_LOGIC_VECTOR(3 downto 0)
);
end top;

architecture rtl of top is

signal memO : STD_LOGIC_VECTOR(15 downto
0) :="0001001000110100";

signal mem1: STD_LOGIC_VECTOR(15 downto
0) :="0101011001111000";
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signalmem2 : STD_LOGIC_VECTOR(15 downto
0) :="1001101010111100";

signalmem3: STD_LOGIC_VECTOR(15 downto
0) :="0000000101000111";

begin
process (clk)
begin
if (rising_edge(clk)) then
if(wre = "1")then
memO(conv_integer(wad)) <= data_in(0);
) <= data_in(1);
) <= data_in(2);
mem3(conv_integer(wad)) <= data_in(3);
end if;
end if;
end process;

mem1(conv_integer(wad

(wad)
(wad)
(wad)
(wad)

(
memz2(conv_integer
(

data_out(0) <= memO(conv_integer(rad));
data_out(1) <= mem1(conv_integer(rad));

data_out(2) <= mem2(conv_integer(rad));

(
(
(
data_out(3) <= mem3(conv_integer(rad));

end rtl;

5.2.2 Memory 3\

SUG949-1.9

memory & AR 4E¥IE I K memory EHIMEE. memory € X
i KB P & readmemh/readmemb 23 . memory & X HIE DL &
readmemh/readmemb JERi% £ % 4.1.4 readmemb/readmemh J5 RIRHIE ,
AR

L RAM16SDP4 J#1l, /44 Memory 201528, Hgmbd = ny a0~ fr

AN
Verilog 7~51:
module top(data_out, data_in, addra, clk, wre, addrb);
output [3:0]data_out;
input [3:0]data_in;
input [3:0] addra ,addrb;
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input clk,wre;

reg [3:0] mem [15:0];

always @(posedge clk)begin
if (wre)begin
mem[addra] <= data_in;
end

end

assign data_out = mem[addrb];

endmodule

VHDL 7~ :

library IEEE;

use IEEE.std_logic_1164.all;
use |IEEE.std_logic_unsigned.all;

entity top is
generic(
DATA_WIDTH : integer := 4;
ADDRESS_WIDTH : integer := 4
);
port (

data_in :in STD_LOGIC_VECTOR(DATA_ WIDTH - 1 downto
0);

ada, adb: in STD_LOGIC_VECTOR(ADDRESS _WIDTH - 1
downto 0);

clk, wre: in STD_LOGIC;

data_out : out STD_LOGIC_VECTOR(DATA_WIDTH -1
downto 0));

end top;

architecture rtl of top is
type mem_type is array (2**ADDRESS_WIDTH - 1 downto 0) of
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STD_LOGIC_VECTOR (DATA_WIDTH - 1 downto 0);
signal mem : mem_type;
begin
data_out <= mem(conv_integer(adb));
process (clk)
begin
if (rising_edge(clk)) then
if(wre = "1")then
mem(conv_integer(ada)) <= data_in;
end if;
end if;
end process;

end rtl;

5.2.3 B FFRER
oL 2517 B 45 4560 RAM16SDP 287!, i L R 42—
1.memory I&/%>3 H memory i#JE* #5175 <=256, H memory IR 5 !=2
1 n k7
2. @MLK syn_sristyle= " distributed_ram", H. memory % !=2
F n k77, memory JRE>3 H memory iR & E A 55 >8.
PL GowinSynthesis %4 RAM16SDP4 Jyfil, /43t %17 e T2
LI, Hegmbd e AT an s ps
Verilog 7~
module p_segshift(clk, we, din, dout);
parameter width=18;
parameter depth=7;
input clk, we;
input [width-1:0] din;
output [width-1:0] dout;

reg [width-1:0] regBank[depth-1:0];
always @(posedge clk) begin

if (we) begin
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regBank[depth-1:1] <= regBank[depth-2:0];
regBank[0] <= din;
end
end

assign dout = regBank[depth-1];
endmodule

VHDL 7R

Library IEEE;

use IEEE.std_logic_1164.all;
use |IEEE.std_logic_unsigned.all;

entity p_seqshift is

generic(
width: integer := 18;
depth: integer :=7

);

port(
clk : in std_logic;
we : in std_logic;
din : in std_logic_vector(width-1 downto 0);
dout : out std_logic_vector(width-1 downto 0)

end entity;
architecture Behavioral of p_seqshift is

TYPE matrix_index is array (depth-1 downto 0) of
std_logic_vector(width-1 downto 0);

signal regBank: matrix_index;
begin
PROCESS(clk) begin
IF(clk'event and clk ='1") then
IF (we ='1") then
foriin 1 to depth-1 loop
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regBank(i) <= regBank(i-1);
end loop;
regBank(0) <= din;
end IF;
end IF;
end PROCESS;
dout <= regBank(depth-1);
END Behavioral;

5.3 ROM16

ROM16 etk oy 16, HHafr % 1 K R AP, FEas N g
I INIT #H47814616, ROM16 7] LR H Memory. Decoder %5/ 04T 15
5, ROM16 [MZ56 B INIE 23 syn_romstyle ="distributed_rom".

5.3.1 Decoder 3\

Verilog 7~

module top(addr,dataout)/*synthesis
syn_romstyle="distributed_rom"*/;

input [3:0] addr;

output reg dataout=1'h0;

always @(*)begin

case(addr)

4'h0: dataout <= 1'h0;
4'h1: dataout <= 1'h0;
4'h2: dataout <= 1'h1;
4'h3: dataout <= 1'h0;
4'h4: dataout <= 1'h1;
4'h5: dataout <= 1'h1;
4'h6: dataout <= 1'h0;
4'h7: dataout <= 1'h0;
4'n8: dataout <= 1'h0;
4'h9: dataout <= 1'h1;
4'ha: dataout <= 1'h0;
4'hb: dataout <= 1'h0;
4'hc: dataout <= 1'h1;
4'hd: dataout <= 1'h0;
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4'he: dataout <= 1'h0;
4'hf: dataout <= 1'h0;
default: dataout <= 1'hO;
endcase

end

endmodule

VHDL 7=~

library ieee;

use ieee.std_logic_1164.all;

ENTITY top is
PORT (
addr: STD_LOGIC_VECTOR(3 DOWNTO 0);
dout:OUT STD_LOGIC
);
attribute syn_romstyle : string;
attribute syn_romstyle of top : entity is "distributed_rom";
end top;

ARCHITECTURE rtl OF top IS
BEGIN
PROCESS(addr)
BEGIN
CASE addr IS
WHEN b"0000"=> dout <="'0";
WHEN b"0001"=> dout <="0";
WHEN b"0010"=> dout <="1";
WHEN b"0011"=> dout <="0";
WHEN b"0100"=> dout <="1";
WHEN b"0101"=> dout <="1";
WHEN b"0110"=> dout <="0";
WHEN b"0111"=> dout <="0";
WHEN b"1000"=> dout <='0";
WHEN b"1001"=> dout <="1";
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WHEN b"1010"=> dout <="0";
WHEN b"1011"=> dout <="0",;
WHEN b"1100"=> dout <="1",
WHEN b"1101"=> dout <="0";
WHEN b"1110"=> dout <="0";
WHEN b"1111"=> dout <="0";
WHEN OTHERS => dout <="0",
END CASE;
END PROCESS;
END rtl;

5.3.2 Memory 3\

memory J& X i iRIEVIE T 7~ memory EHIMETE . memory & X
i It )8 LA & readmemh/readmemb £, memory & S TRAIE DL K&
readmemh/readmemb JEXiEZ % 4.1.4, R AFHER.

Verilog 7~

module top (addr,dataout)/*synthesis
syn_romstyle="distributed_rom"*/;

input [3:0] addr;
output reg dataout=1'b0;

parameter init0 = 16'h117a;
reg [15:0] memO=initO;
always @(*)begin
dataout <= memO[addr];
end
endmodule
VHDL 7~
library ieee;
use ieee.std_logic_1164.all;
use ieee.std_logic_unsigned.all;
ENTITY top is
PORT (
addr: STD_LOGIC_VECTOR(3 DOWNTO 0);
dout:OUT STD_LOGIC
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);
attribute syn_romstyle : string;
attribute syn_romstyle of top : entity is "distributed_rom";
end top;

ARCHITECTURE rtl OF top IS

constantmemO: STD_LOGIC_VECTOR(15 downto
0) :=x"117a";

BEGIN
PROCESS(addr)
BEGIN
dout<=memO0(conv_integer(addr));
END PROCESS;
END rtl;

SUG949-1.9
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6 DSP g FEyal

FE!
[1]Arora V 7=y DSP 4t i 2 W25 7 % Arora V DSP 4mhd#iiE

DSP (Digital Signal Processing) #1715 5 AbEE 6 & T in#% (Pre-Adder),
Feykss (MULT) 154 fHARZHE T (ALUS4D).

6.1 Pre-adder

Pre-adder ;& TIN#S, SEBLTUMN. TURAIFEALThAE. Pre-adder 34 47 58
S REEFN, 4R 9 £ 5% i PADD9 A1 18 £ % f¥) PADD18. Pre-adder &5
Multiplier AHEC & A AT HERT H >k .

6.1.1 i NIh&E
it AREG. BREG. [AxF 8 Atk PADD9-MULTOX9 A /r44
PADD FUmThae i sEm, Hgmd iz 2Aman T s
Verilog 7~8:
module top(a0, b0, b1, dout, rst, clk, ce);
input [7:0] a0;
input [7:0] bO;
input [7:0] b1;
input rst, clk, ce;
output [17:0] dout;
reg [8:0] p_add_reg=9'h000;
reg [7:0] a0_reg=8'h00;
reg [7:0] bO_reg=8'h00;
reg [7:0] b1_reg=8'h00;
reg [17:0] pipe_reg=18'h00000;
reg [17:0] s_reg=18'h00000;
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always @(posedge clk)begin
if(rst)begin
a0 _reg <=0;
b0 _reg <= 0;
b1 reg <=0;
end else begin
if(ce)begin
a0_reg <= a0;
b0_reg <= b0;
b1 _reg <=b1;
end
end
end
always @(posedge clk)begin
if(rst)begin
p_add_reg <= 0;
end else begin
if(ce)begin
p_add_reg <=b0_reg+b1_reg;
end
end

end

always @(posedge clk)
begin
if(rst)begin
pipe_reg <= 0;
end else begin
if(ce) begin
pipe_reg <= a0_reg*p_add_reg;
end
end
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end
always @(posedge clk)
begin
if(rst)begin
s _reg <=0;
end else begin
if(ce) begin
S_reg <= pipe_reg;
end
end

end

assign dout = s_reg;

endmodule
VHDL 7~ :
library IEEE;
use IEEE.std_logic_1164.all;
use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;
entity top is
generic(
b_width: integer := 8;
a_width : integer := 8;
dout_width : integer := 18
);
port (
dout: out std_logic_vector(dout_width-1 downto 0);
a0: in std_logic_vector(a_width-1 downto 0);
b0,b1: in std_logic_vector(b_width-1 downto 0);
ce: in std_logic;
clk: in std_logic;
rst: in std_logic
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end top;
architecture Behavioral of top is
signal a0_req: std_logic_vector(a_width-1 downto 0);
signal bO_reg,b1_reg: std_logic_vector(b_width-1 downto 0);
signal p_add_reg : std_logic_vector(b_width downto 0);
signal pipe_reg,s_reg: std_logic_vector(dout_width-1 downto 0);
begin
process(clk)begin
if(rising_edge(clk))then
if(rst="1")then
a0_reg<=(others=>'0");
b0_reg<=(others=>'0");
b1_reg<=(others=>'0");
else
if(ce="1")then
a0_reg<=a0;
b0_reg<=b0;
b1 _reg<=b1;
end if;
end if;
end if;
end process;

process(clk)begin
if(rising_edge(clk))then
if(rst="1")then
p_add_reg<=(others=>'0");
else
if(ce="1")then
p_add_reg<= ('0' & b0_reqg) + ('0' & b1_req);
end if;
end if;
end if;
end process;
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process(clk)begin
if(rising_edge(clk))then
if(rst="1")then
pipe_reg<=(others=>'0");
else
if(ce="1")then
pipe_reg<=('0' & a0_req)*p_add_reg;
end if;
end if;
end if;
end process;

process(clk)begin
if(rising_edge(clk))then
if(rst="1")then
s_reg<=(others=>'0'");
else
if(ce="1"then
S_reg<=pipe_reg;
end if;
end if;
end if;
end process;
dout<=s_reg;
end Behavioral;

6.1.2 TR IhBE
Dlgid AREG. BREG. R E A #H) PADD9-MULTIX9 il /44
PADD Ty D eI SE 8L,  H A 2l ik pros -

Verilog 7~5:

module top(a0, b0, b1, dout, rst, clk, ce);

input [7:0] a0;

input [7:0] bO;

input [7:0] b1;
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input rst, clk, ce;

output [17:0] dout;

reg [8:0] p_add_reg=9'nh000;
reg [7:0] a0_reg=8'h00;

reg [7:0] bO_reg=8'h00;

reg [7:0] b1_reg=8'h00;

reg [17:0] pipe_reg=18'h00000;
reg [17:0] s_reg=18'nh00000;

always @(posedge clk)begin
if(rst)begin
a0 _reg <=0;
b0 _reg <= 0;
b1 reg <=0;
end else begin
if(ce)begin
a0_reg <= a0;
b0 _reg <= b0;
b1 reg <= b1,
end
end
end
always @(posedge clk)begin
if(rst)begin
p_add _reg <= 0;
end else begin
if(ce)begin
p_add_reg <=b0_reg-b1_reg;
end
end
end

always @(posedge clk)
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begin
if(rst)begin
pipe_reg <= 0;
end else begin
if(ce) begin
pipe_reg <= a0_reg*p_add_reg;
end
end
end
always @(posedge clk)
begin
if(rst)begin
s _reg <=0;
end else begin
if(ce) begin
S_reg <= pipe_reg;
end
end
end

assign dout = s_reg;

endmodule
VHDL 7~
library IEEE;
use IEEE.std_logic_1164.all;
use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;
entity top is
generic(
b_width: integer := 8;
a_width : integer := §;
dout_width : integer := 18
);
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port (
dout: out std_logic_vector(dout_width-1 downto 0);
a0: in std_logic_vector(a_width-1 downto 0);
b0,b1: in std_logic_vector(b_width-1 downto 0);
ce: in std_logic;
clk: in std_logic;
rst: in std_logic
);
end top;
architecture Behavioral of top is
signal a0_req: std_logic_vector(a_width-1 downto 0);
signal bO_reg,b1_reg: std_logic_vector(b_width-1 downto 0);
signal p_add_reg : std_logic_vector(b_width downto 0);
signal pipe_reg,s_reg: std_logic_vector(dout_width-1 downto 0);
begin
process(clk)begin
if(rising_edge(clk))then
if(rst="1")then
a0_reg<=(others=>'0");
b0_reg<=(others=>'0");
b1 _reg<=(others=>'0");
else
if(ce="1"then
a0_reg<=a0;
b0 _reg<=b0;
b1 _reg<=b1;
end if;
end if;
end if;
end process;

process(clk)begin
if(rising_edge(clk))then
if(rst="1")then
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p_add_reg<=(others=>'0");

else
if(ce="1")then

p_add _reg<=('0' & b0 _reqg) - ('0' & b1_req);

end if;

end if;

end if;
end process;

process(clk)begin
if(rising_edge(clk))then
if(rst="1")then
pipe_reg<=(others=>'0");
else
if(ce="1")then
pipe_reg<=('0' & a0_req)*p_add_reg;
end if;
end if;
end if;
end process;

process(clk)begin
if(rising_edge(clk))then
if(rst="1")then
s_reg<=(others=>'0'");
else
if(ce="1"then
S_reg<=pipe_reg;
end if;
end if;
end if;
end process;
dout<=s_reg;
end Behavioral;
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6.1.3 BALINEE

Llzeid AREG. BREG. 572 EAi#s[¥) PADD18-MULT18X18 44
PADD 2 A7 ThRERISEBL,  Hgmbd i 2UmT 4 s pros:

Verilog 7~

module top(a0, a1, b0, b1, p0, p1, clk, ce, reset);

parameter a_width=18;

parameter b_width=18;

parameter p_width=36;

input [a_width-1:0] a0, a1;

input [b_width-1:0] b0, b1;

input clk, ce, reset;

output [p_width-1:0] p0, p1;

wire [b_width-1:0] bO_padd, b1_padd;

reg [b_width-1:0] bO_reg=18'nh00000;

reg [b_width-1:0] b1_reg=18'nh00000;

reg [b_width-1:0] bX1=18'h00000;

reg [b_width-1:0] bY1=18'h00000;

always @(posedge clk or posedge reset)
begin
if(reset)begin
b0 _reg <= 0;
b1 reg <=0;
bX1 <= 0;
bY1 <= 0;
end else begin
if(ce)begin
b0 _reg <= b0;
b1 reg <= b1,
bX1 <= b0 _reg;
bY1 <= b1_reg;
end
end

end
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assign bO_padd = bX1 + b1 _reg;
assign b1_padd= b0_reg + bY1;

assign p0 = a0 * b0_padd;
assign p1 =a1l1 * b1_padd;

endmodule
VHDL 7R
library IEEE;
use IEEE.std_logic_1164.all;
use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;
entity top is
generic(
b_width: integer := 18;
a_width : integer := 18;
p_width : integer := 36
);
port (
p0,p1: out std_logic_vector(p_width-1 downto 0);
a0,a1:in std_logic_vector(a_width-1 downto 0);
b0,b1: in std_logic_vector(b_width-1 downto 0);
ce: in std_logic;
clk: in std_logic;
reset: in std_logic
);
end top;
architecture Behavioral of top is

signal bO_reg,b1_reg,bX1,bY1: std_logic_vector(b_width-1
downto 0);

signal bO_padd,b1_padd: std_logic_vector(b_width-1 downto 0);
begin
process(clk,reset)begin
if(reset="1")then
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b0_reg<=(others=>'0");
b1 _reg<=(others=>'0");
bX1<=(others=>'0");
bY1<=(others=>'0");

else
if(rising_edge(clk))then
if(ce="1")then
b0 _reg<=b0;
b1_reg<=b1;
bX1<=b0_reg;
bY1<=b1 _reg;
end if;
end if;
end if;

end process;
b0_padd<=bX1+b1_reg;
b1_padd<=b0_reg+b¥1;

p0<=a0*b0_padd;
p1<=a1*b1_padd;

end Behavioral;

6.2 Multiplier

Multiplier /& DSP [3fiL#8 50, ek as e N5 5 € Xy MDIA
A MDIB, Feflfii{E 5 e X oy MOUT, Alsciigfikis®: DOUT=A*B.

Multiplier HR4E #0475 7Tl B & 9x9, 18x18, 36x36 Ziikae, 45l
XF MR TE MULT9X9, MULT18X18, MULT36X36. Liztid AREG. BREG.
OUT_REG. PIPE_REG. R E M MULT18X18 JfFl /- 24 H L,
Hogmd e 2CrT a0 s prosc:

Verilog 7~

module top(a,b,c,clock,reset,ce);

input signed [17:0] a;

input signed [17:0] b;

input clock;

SUG949-1.9 115(174)




6 DSP Zwfdi[1]

6.2 Multiplier

input reset;
input ce;
output signed [35:0] c;

reg signed [17:0] ina=18'nh00000;

reg signed [17:0] inb=18'nh00000;

reg signed [35:0] pp_reg=36'h000000000;
reg signed [35:0] out_reg=36'n000000000;
wire signed [35:0] mult_out;

always @(posedge clock or posedge reset)begin
if(reset)begin
ina<=0;
inb<=0;
end else begin
if(ce)begin
ina<=a;
inb<=b;
end
end
end
assign mult_out=ina*inb;
always @(posedge clock or posedge reset)begin
if(reset)begin
pp_reg<=0;
end else begin
if(ce)begin
pp_reg<=mult_out;
end
end
end

always @(posedge clock or posedge reset)begin
if(reset)begin

SUG949-1.9

116(174)




6 DSP Zwfid#ivu[1] 6.2 Multiplier

out_reg<=0;
end else begin
if(ce)begin
out_reg<=pp_reg;
end
end
end
assign c=out_reg;
endmodule
VHDL 7~ :
library IEEE;
use IEEE.std_logic_1164.all;
use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;
entity top is
generic(
b_width: integer := 18;
a_width : integer := 18;
dout_width : integer := 36

port (
c: out std_logic_vector(dout_width-1 downto 0);
a: in std_logic_vector(a_width-1 downto 0);
b: in std_logic_vector(b_width-1 downto 0);
ce: in std_logic;
clock: in std_logic;
reset: in std_logic
);
end top;
architecture Behavioral of top is
signal ina: std_logic_vector(a_width-1 downto 0);
signal inb: std_logic_vector(b_width-1 downto 0);
signal pp_reg,out_reg,mult_out: std_logic_vector(dout_width-1
downto 0);
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begin
process(clock,reset)begin
if(reset="1")then
ina<=(others=>'0");
inb<=(others=>'0");
else
if(rising_edge(clock))then
if(ce="1"then
ina<=a;
inb<=b;
end if;
end if;
end if;
end process;

mult_out<=ina*inb;

process(clock,reset)begin
if(reset="1")then
pp_reg<=(others=>'0");
else
if(rising_edge(clock))then
if(ce="1")then
pp_reg<=mult_out;
end if;
end if;
end if;
end process;

process(clock,reset)begin
if(reset="1")then
out_reg<=(others=>'0");
else
if(rising_edge(clock))then
if(ce="1")then
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out_reg<=pp_reg;
end if;
end if;
end if;
end process;
c<=out_reg;

end Behavioral;

6.3 ALU54D

ALU54D (54-bit Arithmetic Logic Unit) & 54 S H AR H o, SLH
54 {7 HAZ IS 5 5 o84 ALUSAD, B8 fr %8 width 7 7E[48,54] X |,
BN FAIEEL H syn_dspstyle="dsp". PLlZid AREG.BREG.OUT_REG.
S BAB ALUSAD AL, HLgwmtd e T 4n s pros

Verilog 7~

module top(a, b, s, accload, clk, ce, reset);

parameter width=54;

input signed [width-1:0] a, b;

input accload, clk, ce, reset;

output signed [width-1:0] s;

wire signed [width-1:0] s_sel;

reg [width-1:0] a_reg=54'h00000000000000;

reg [width-1:0] b_reg=54'h00000000000000;

reg [width-1:0] s_reg=54'h00000000000000;

reg acc_reg=1'b0;

always @(posedge clk or posedge reset)
begin
if(reset)begin
a_reg <=0;
b reg <=0;
end else begin
if(ce)begin
a_reg <= a;
b reg <=b;
end
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SUG949-1.9

end
end
always @(posedge clk)
begin
if(ce)begin
acc_reg <= accload;
end
end

assigns_sel =(acc_ reg==1)?s:0;
always @(posedge clk or posedge reset)
begin
if(reset)begin
s_reg <=0;
end else begin
if(ce)begin
s reg<=s_sel+a_reg+b_reg;
end
end
end
assign s =s_reg;
endmodule
VHDL 7~
library IEEE;
use IEEE.std_logic_1164.all;
use IEEE.STD_LOGIC_ARITH.ALL,;
use IEEE.STD_LOGIC_UNSIGNED.ALL;
entity top is
generic(
b_width: integer := 54;
a_width : integer := 54;
dout_width : integer := 54
);
port (
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SUG949-1.9

s: buffer std_logic_vector(dout_width-1 downto 0);

a: in std_logic_vector(a_width-1 downto 0);
b: in std_logic_vector(b_width-1 downto 0);
accload : in std_logic;

ce: in std_logic;

clk: in std_logic;

reset: in std_logic

);

end top;
architecture Behavioral of top is

signal a_reg: std_logic_vector(a_width-1 downto 0);
signal b_reg: std_logic_vector(b_width-1 downto 0);

signal s_sel,s_reg: std_logic_vector(b_width-1 downto 0);

signal acc_reg : std_logic;

begin

process(clk,reset)begin
if(reset="1")then
a_reg<=(others=>'0');
b_reg<=(others=>'0");
else
if(rising_edge(clk))then
if(ce="1")then
a_reg<=a;
b_reg<=b;
end if;
end if;
end if;
end process;

process(clk)begin
if(rising_edge(clk))then
if(ce="1")then
acc_reg <= accload;
end if;
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end if;
end process;

process(acc_reg,s)begin
if(acc_reg="1")then
s_sel<=s;
else
s_sel<=(others=>'0");
end if;
end process;

process(clk,reset)begin
if(reset="1")then
s_reg<=(others=>'0");
else
if(rising_edge(clk))then
if(ce="1")then
s_reg<=s_sel + a_reg +b_reg;
end if;
end if;
end if;
end process;

s<=s_reg;

end Behavioral;

6.4 MULTALU

MULTALU #AS2H— N Ffeikds i 4800 54-bit ALU 25, B4
MULTALU36X18 1 MULTALU18X18, H:4" MULTALU18X18 1% 37 4 sz45il4k,
JE. MULTALU36X18 5 —FhizH YjhE: DOUT=A*B+C. DOUT=3(A*B).
DOUT=A*B+CASI.

6.4.1 A*B+C IhgE

P14+ AREG. BREG. CREG. PIPE_REG. OUT REG. R Efr
R MULTALU36X18 /148 DOUT=A*B+C ZhREfFIseIl, Hgwhd k=R nl i
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SUG949-1.9

FHIR:

Verilog 7~
module top(a0, b0, c,s, reset, ce, clock);
parameter a_width=36;
parameter b_width=18;
parameter s_width=54;
input signed [a_width-1:0] a0;
input signed [b_width-1:0] b0;
input signed [s_width-2:0] c;
input reset, ce, clock;
output signed [s_width-1:0] s;
wire signed [s_width-1:0] pO;
reg signed [a_width-1:0] a0_reg=36'n000000000;
reg signed [b_width-1:0] bO_reg=18'h00000;
reg signed [s_width-1:0] pO_reg=54'h00000000000000;
reg signed [s_width-1:0] 00_reg=54'h00000000000000;
reg signed [s_width-2:0] ¢_reg=54'h00000000000000;
always @(posedge clock or posedge reset)begin
if(reset)begin
a0_reg <=0;
b0 _reg <= 0;
c_reg <=0;
end else begin
if(ce)begin
a0_reg <= a0;
b0 _reg <= b0;
C_reg <=g¢;
end
end
end

assign p0 = a0_reg * b0_reg;
always @(posedge clock or posedge reset)begin
if(reset)begin
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p0_reg <= 0;
00 _reg <= 0;
end else begin
if(ce)begin
pO_reg <= p0;
00_reg <= p0_reg+c_regq;
end
end
end

assign s = 00_reg;
endmodule
VHDL 7~
library IEEE;
use IEEE.std_logic_1164.all;
use IEEE.STD_LOGIC_ARITH.ALL,;
use IEEE.STD_LOGIC_UNSIGNED.ALL;
entity top is
generic(
b_width: integer := 36;
a_width : integer := 18;
s_width : integer := 54
);
port (
s: out std_logic_vector(s_width-1 downto 0);
a0: in std_logic_vector(a_width-1 downto 0);
b0: in std_logic_vector(b_width-1 downto 0);
c : in std_logic_vector(s_width-2 downto 0);
ce: in std_logic;
clock: in std_logic;
reset: in std_logic
);
end top;
architecture Behavioral of top is
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signal a0_req: std_logic_vector(a_width-1 downto 0);
signal bO_reg: std_logic_vector(b_width-1 downto 0);
signal p0,p0_reg,00_reg: std_logic_vector(s_width-1 downto 0);
signal c_reg: std_logic_vector(s_width-2 downto 0);
begin
process(clock,reset)begin
if(reset="1")then
a0_reg<=(others=>'0");
b0_reg<=(others=>'0");
c_reg <=(others=>'0");
else
if(rising_edge(clock))then
if(ce="1")then

a0_reg<=a0;
b0_reg<=b0;
C_reg <=c;
end if;
end if;
end if;

end process;

pO<=a0_reg * b0_req;

process(clock,reset)begin
if(reset="1")then
p0_reg<=(others=>'0");
00_reg<=(others=>'0");
else
if(rising_edge(clock))then
if(ce="1")then

pO_reg<=p0;
00_reg<=p0_reg+c_regq;
end if;
end if;
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end if;
end process;

s<=00_reg;
end Behavioral;
6.4.2 Y (A*B)ThEE
Plzid PIPE_REG. OUT_REG. R4 & iz MULTALU36X18 /i
4 DOUT=3 (A*B)ZhAEMISLIL, Hguhd e =nTan F poR:
Verilog 7~4:
module top(a,b,c,clock,reset,ce);
parameter a_width = 36;
parameter b_width = 18;
parameter ¢_width = 54;
input signed [a_width-1:0] a;
input signed [b_width-1:0] b;
input clock;
input reset,ce;
output signed [c_width-1:0] c;

reg signed [c_width-1:0] pp_reg=54'h00000000000000;
reg signed [c_width-1:0] out_reg=54'h00000000000000;
wire signed [c_width-1:0] mult_out,c_sel,

reg acc_reg0=1'b0;

reg acc_reg1=1'b0;

assign mult_out=a*b;
always @(posedge clock or posedge reset) begin
if(reset)begin
pp_reg<=0;
end else begin
if(ce)begin
pp_reg<=mult_out;
end

end
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end

always @(posedge clock or posedge reset)
begin
if(reset) begin
out_reg <= 0;
end else if(ce) begin
out_reg <=c + pp_reg;
end
end

assign c=out_reg;
endmodule
VHDL 7~ :
library IEEE;
use IEEE.std_logic_1164.all;
use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;
entity top is
generic(
b_width: integer := 36;
a_width : integer := 18;
c_width : integer := 54
);
port (
c: buffer std_logic_vector(c_width-1 downto 0);
a: in std_logic_vector(a_width-1 downto 0);
b: in std_logic_vector(b_width-1 downto 0);
ce: in std_logic;
clock: in std_logic;
reset: in std_logic
);
end top;
architecture Behavioral of top is
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signal pp_reg,out_reg,mult_out: std_logic_vector(c_width-1

downto 0);
begin

mult_out<=a*b;
process(clock,reset)begin
if(reset="1")then
pp_reg<=(others=>'0");
else
if(rising_edge(clock))then
if(ce="1")then
pp_reg<=mult_out;
end if;
end if;
end if;
end process;

process(clock,reset)begin
if(reset="1")then
out_reg<=(others=>'0");
else
if(rising_edge(clock))then
if(ce="1"then
out_reg<=c+pp_reg;
end if;
end if;
end if;
end process;

c<=out_reg;

end Behavioral;
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6.4.3 A*B+CASI IhgE

Llzeid PIPE_REG. OUT_REG. & A#H) MULTALU36X18 /i

21 DOUT=A*B+CASI LJREH)SLIL, Hambd I mT U T s
Verilog 7~
module top(a0, a1, a2, b0, b1, b2, s, reset, ce, clock);
parameter a_width=36;
parameter b_width=18;
parameter s_width=54;
input signed [a_width-1:0] a0, a1, a2,
input signed [b_width-1:0] b0, b1, b2;
input reset, ce, clock;
output signed [s_width-1:0] s;
wire signed [s_width-1:0] p0, p1, p2, s0, s1;
reg signed [s_width-1:0] p0_reg=54'h00000000000000;
reg signed [s_width-1:0] p1_reg=54'nh00000000000000;
reg signed [s_width-1:0] p2_reg=54'h00000000000000;
reg signed [s_width-1:0] sO_reg=54'h00000000000000;
reg signed [s_width-1:0] s1_reg=54'h00000000000000;
reg signed [s_width-1:0] 00_reg=54'h00000000000000;

assign p0 = a0 * b0;
assign p1=a1t * b1,
assign p2 = a2 * b2,
always @(posedge clock or posedge reset)
begin
if(reset)begin
p0_reg <= 0;
p1_reg <= 0;
p2_reg <= 0;
00_reg <=0;
end else begin
if(ce)begin
pO_reg <= pO;
p1_reg <= p1;
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p2_reg <= p2;
00 _reg <= p0_regq;
end
end

end

assign sO = 00_reg + p1_reg;
always @(posedge clock or posedge reset)
begin
if(reset)begin
s0_reg <= 0;
end else begin
if(ce)begin
s0_reg <= s0;
end
end
end

assign s1 =s0_reg + p2_reg;
always @(posedge clock or posedge reset)
begin
if(reset)begin
s1 reg <=0;
end else begin
if(ce)begin
s1_reg <=s1,;
end
end
end
assign s=s1_reg;
endmodule
VHDL R
library IEEE;
use |IEEE.std_logic_1164.all;
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use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;
entity top is
generic(
b_width: integer := 36;
a_width : integer := 18;
s_width : integer := 54
);
port (
s: out std_logic_vector(s_width-1 downto 0);
a0,a1,a2: in std_logic_vector(a_width-1 downto 0);
b0,b1,b2: in std_logic_vector(b_width-1 downto 0);
ce: in std_logic;
clock: in std_logic;
reset: in std_logic
);
end top;
architecture Behavioral of top is
signal p0,p1,p2,s0,s1: std_logic_vector(s_width-1 downto 0);
signal p0_reg,p1_reg,p2_req: std_logic_vector(s_width-1 downto

0);
signal sO_reg,s1_reg,00_reg: std_logic_vector(s_width-1 downto
0);
begin
p0<=a0*b0;
p1<=a1*b1;
p2<=a2*b2;

process(clock,reset)begin
if(reset="1")then

p0_reg<=(others=>'0'

)
p1_reg<=(others=>'0");
p2_reg<=(others=>'0")

)

00_reg<=(others=>'0'
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else
if(rising_edge(clock))then
if(ce="1")then
pO_reg<=p0;
p1_reg<=p1;
p2_reg<=p2z;
00_reg<=p0_regq;
end if;
end if;
end if;

end process;

s0 <= 00_reg+p1_req;

process(clock,reset)begin
if(reset="1")then
s0_reg<=(others=>'0");
else
if(rising_edge(clock))then
if(ce="1")then
s0_reg<=s0;
end if;
end if;
end if;
end process;

s1<=s0_reg+p2_regq;

process(clock,reset)begin
if(reset="1")then
s1_reg<=(others=>'0");
else
if(rising_edge(clock))then
if(ce="1")then
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s1_reg<=s1;
end if;
end if;
end if;
end process;

s<=s1_reg;
end Behavioral;

6.5 MULTADDALU

MULTADDALU (The Sum of Two Multipliers with ALU) 27 ALU Thag
HIgRinas, SLIsfei R AN G R INEk reload I8, XA JRIE N
MULTADDALU18X18. A —Fliz5 IjfE: DOUT=A0*BO+A1*B1+C.
DOUT=} (A0*B0xA1*B1). DOUT=A0*B0+A1*B1+CASI.

6.5.1 A0*B0+tA1*B1+C IhgE

PLl#it AOREG.A1REG.BOREG.B1REG.PIPEO_REG.PIPE1_REG.
OUT_REG. ®#H&E A MULTADDALU18X18 /43 DOUT=A0*BO
A1*B1£C DIREMISEIL, Hbd it sUrT an s fhos -

Verilog 7~

module top(a0, a1, b0, b1, c,s, reset, clock, ce);

parameter a0_width=18;

parameter a1_width=18;

parameter bO_width=18;

parameter b1_width=18;

parameter s_width=54;

input signed [a0_width-1:0] a0;

input signed [a1_width-1:0] a1;

input signed [b0_width-1:0] b0;

input signed [b1_width-1:0] b1;

input [53:0] c;

input reset, clock, ce;

output signed [s_width-1:0] s;

wire signed [s_width-1:0] pO, p1, p;

reg signed [a0_width-1:0] a0_reg=18'h00000;

reg signed [a1_width-1:0] a1_reg=18'h00000;
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reg signed [b0O_width-1:0] bO_reg=18'h00000;

reg signed [b1_width-1:0] b1_reg=18'nh00000;

reg signed [s_width-1:0] p0_reg=54'h00000000000000;
reg signed [s_width-1:0] p1_reg=54'h00000000000000;
reg signed [s_width-1:0] s_reg=54'h00000000000000;

always @(posedge clock)begin
if(reset)begin
a0_reg <=0;
al _reg <=0;
b0 _reg <= 0;
b1 reg <=0;
end
else begin
if(ce)begin
a0_reg <= a0;
al_reg <= af,
b0 _reg <= b0;
b1 reg <= b1,
end
end
end

assign p0 = a0_reg*b0_reg;
assign p1 =a1l1_reg*b1_reg;

always @(posedge clock)begin
if(reset)begin
p0_reg <= 0;
p1_reg <= 0;
end
else begin
if(ce)begin
pO_reg <= p0;

SUG949-1.9
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p1_reg <=p1;
end
end
end

assign p = p0_reg + p1_reg+c;

always @(posedge clock)begin
if(reset)begin
s_reg <=0;
end
else begin
if(ce) begin
s_reg <=p;
end
end
end

assign s =s_reg;
endmodule
VHDL 7~
library IEEE;
use IEEE.std_logic_1164.all;
use IEEE.STD_LOGIC_ARITH.ALL,;
use IEEE.STD_LOGIC_UNSIGNED.ALL;
entity top is
generic(
a0_width : integer := 18;
al_width : integer := 18;
b0_width : integer := 18;
b1_width : integer := 18;
s_width : integer := 54
);
port (
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s: out std_logic_vector(s_width-1 downto 0);
a0 : in std_logic_vector(a0_width-1 downto 0);
a1l :in std_logic_vector(a0_width-1 downto 0);
b0 : in std_logic_vector(b0_width-1 downto 0);
b1 :in std_logic_vector(b0_width-1 downto 0);
c :instd_logic_vector(s_width -2 downto 0);
ce: in std_logic;
clock: in std_logic;
reset: in std_logic
);
end top;
architecture Behavioral of top is
signal a0_regq: std_logic_vector(a0_width-1 downto 0);
signal a1_reg: std_logic_vector(a1_width-1 downto 0);
)

signal bO_reg: std_logic_vector(bO_width-1 downto 0);
signal b1_reg: std_logic_vector(b1_width-1 downto 0);
signal p0: std_logic_vector(a0_width+b0_width-1 downto 0);
signal p1: std_logic_vector(a1_width+b1_width-1 downto 0);
signal p0_reg: std_logic_vector(s_width-1 downto 0);
signal p1_reg: std_logic_vector(s_width-1 downto 0);
signal p: std_logic_vector(s_width-1 downto 0);
signal s_req: std_logic_vector(s_width-1 downto 0);

begin

process(clock)begin
if(rising_edge(clock))then
if(reset="1")then
a0_reg<=(others=>'0");
al1_reg<=(others=>'0");
b0_reg<=(others=>'0");
b1_reg<=(others=>'0');
else
if(ce="1")then
a0_reg<=a0;
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al_reg<=af,
b0 _reg<=b0;
b1_reg<=b1;
end if;
end if;
end if;

end process;

p0<=a0_reg*b0_regq;
p1<=al_reg*b1 _reg;

process(clock)begin
if(rising_edge(clock))then
if(reset="1")then
p0_reg<=(others=>'0");
p1_reg<=(others=>'0");
else
if(ce="1")then
p0_reg<=x"0000"&"00"&p0;
p1_reg<=x"0000"&"00"&p1;
end if;
end if;
end if;
end process;

p<=p0_reg+p1_reg+('0'&c);

process(clock)begin
if(rising_edge(clock))then
if(reset="1")then
s_reg<=(others=>'0");
else
if(ce="1")then
S_reg<=p;
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end if;
end if;
end if;
end process;
s<=s_reg;

end Behavioral;

6.5.2 ¥ (A0*BO:A1*B1)ThfE

SUG949-1.9

Pl it PIPEO_REG. PIPE1_REG. OUT_REG. 5 Ak 1)

MULTADDALU18X18 /144 DOUT= Y (A0*BO+A1*B1)ZhHE R SEIN, Hemhd I
AT QR B .

Verilog 7~

module acc(a0, a1, b0, b1, s, accload, ce, reset, clk);
parameter a_width=18;

parameter b_width=18;

parameter s_width=54;

input unsigned [a_width-1:0] a0, a1;

input unsigned [b_width-1:0] b0, b1;

input accload, ce, reset, clk;

output unsigned [s_width-1:0] s;

wire unsigned [s_width-1:0] s_sel;

wire unsigned [s_width-1:0] pO, p1;

reg unsigned [s_width-1:0] p0_reg=54'h00000000000000;
reg unsigned [s_width-1:0] p1_reg=54'h00000000000000;
reg unsigned [s_width-1:0] s=54'h00000000000000;

reg acc_reg0=1'b0;

reg acc_reg1=1'b0;

assign p0 = a0*b0;
assign p1 = a1*b1;
always @(posedge clk or posedge reset)begin
if(reset) begin
p0_reg <= 0;
p1_reg <= 0;
end else if(ce) begin
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pO_reg <= p0;
p1_reg <= p1;
end
end
always @(posedge clk)begin
if(ce) begin
acc_reg0 <= accload;
acc_reg1 <= acc_reg0;
end
end
assigns_sel = (acc_reg1==1)?s:0;
always @(posedge clk or posedge reset)begin
if(reset) begin
s <=0;
end else if(ce) begin
s <=s_sel +p0_reg - p1_reg;
end
end
endmodule
VHDL 7~
library IEEE;
use IEEE.std_logic_1164.all;
use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;
entity top is
generic(
a0_width : integer := 18;
al_width : integer := 18;
b0_width : integer := 18;
b1_width : integer := 18;
s_width : integer := 54
);
port (
s: buffer std_logic_vector(s_width-1 downto 0);
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a0 : in std_logic_vector(a0_width-1 downto 0);
a1l :instd _logic vector(a0_width-1 downto 0);
b0 : in std_logic_vector(b0_width-1 downto 0);
b1 :in std_logic_vector(bO_width-1 downto 0);
accload: in std_logic;
ce: in std_logic;
clock: in std_logic;
reset: in std_logic
);
end top;
architecture Behavioral of top is
signal p0: std_logic_vector(a0_width+b0_width-1 downto 0);
signal p1: std_logic_vector(a1_width+b1_width-1 downto 0);
signal p0_reg: std_logic_vector(s_width-1 downto 0);
signal p1_reg: std_logic_vector(s_width-1 downto 0);
signal p: std_logic_vector(s_width-1 downto 0);
signal s_sel: std_logic_vector(s_width-1 downto 0);
signal acc_reg0,acc_reg1:std_logic;
begin
p0<=a0*b0;
p1<=a1*b1;
process(clock,reset)begin
if(reset="1")then
p0_reg<=(others=>'0");
p1_reg<=(others=>'0");
else
if(rising_edge(clock))then
if(ce="1")then
p0_reg<=x"0000"&"00"&p0;
p1_reg<=x"0000"&"00"&p1;
end if;
end if;
end if;
end process;
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process(clock)begin
if(rising_edge(clock))then
if(ce="1")then
acc_regO<=accload;
acc_reg1<=acc_reg0;
end if;
end if;
end process;

process(acc_reg1,s)begin
if(acc_reg1="1")then
s_sel<=s;
else
s_sel<=(others=>'0");
end if;
end process;

process(clock,reset)begin
if(reset="1")then
s<=(others=>'0");
else
if(rising_edge(clock))then
if(ce="1"then
s<=s_sel+p0_reg-p1_regq;
end if;
end if;
end if;
end process;
end Behavioral;

6.5.3 A0*B0+A1*B1+CASI IhgE

L1453 PIPEO_ REG. PIPE1_REG. OUT_REG. i E M)
MULTADDALU18X18 /148 DOUT= A0*B0+A1*B1+CASI ZhHEMISZIl, Hwm
% KT R o s

Verilog 7~
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module top(a0, a1, a2, b0, b1, b2, a3, b3, s, clock, ce, reset);
parameter a_width=18;
parameter b_width=18;
parameter s_width=54;
input signed [a_width-1:0] a0, a1, a2, b0, b1, b2, a3, b3;
input clock, ce, reset;
output signed [s_width-1:0] s;
wire signed [s_width-1:0] pO, p1, p2, p3, sO, s1;
reg signed [s_width-1:0] p0_reg=54'h00000000000000;
reg signed [s_width-1:0] p1_reg=54'n00000000000000;
reg signed [s_width-1:0] p2_reg=54'h00000000000000;
reg signed [s_width-1:0] p3_reg=54'h00000000000000;
reg signed [s_width-1:0] sO_reg=54'h00000000000000;
reg signed [s_width-1:0] s1_reg=54'h00000000000000;
reg signed [a_width-1:0] a0_reg=18'h00000;
reg signed [a_width-1:0] a1_reg=18'n00000;
reg signed [a_width-1:0] a2_reg=18'h00000;
reg signed [a_width-1:0] a3_reg=18'h00000;
reg signed [b_width-1:0] bO_reg=18'n00000;
reg signed [b_width-1:0] b1_reg=18'h00000;
reg signed [b_width-1:0] b2_reg=18'n00000;
reg signed [b_width-1:0] b3_reg=18'h00000;
always @(posedge clock or posedge reset)begin
if(reset)begin

a0 _reg <=0;

al_reg <=0;

a2 _reg <=0;

a3 _reg <=0;

b0 _reg <= 0;

b1_reg <= 0;

b2 reg <=0;

b3 reg <=0;

end else begin
if(ce)begin
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a0_reg <= a0;
al_reg <= af;
a2_reg <= az;
a3 _reg <= a3;

b0_reg <= b0;
b1 _reg <= b1,
b2 _reg <=b2;
b3 _reg <= b3;
end
end
end

assign p0 = a0_reg*b0_reg;
assign p1 =a1l_reg*b1_reg;
assign p2 = a2_reg*b2_reg;
assign p3 = a3_reg*b3_reg;

always @(posedge clock or posedge reset)begin
if(reset)begin
p0_reg <= 0;
p1_reg <= 0;
p2_reg <= 0;
p3_reg <= 0;
end else begin
if(ce)begin
pO_reg <= p0;
p1_reg <= p1;
p2_reg <= p2;
p3_reg <= p3;
end
end
end

assign sO = p0_reg + p1_regq;
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always @(posedge clock or posedge reset)begin
if(reset)begin
s0_reg <= 0;
end else begin
if(ce)begin
s0_reg <= s0;
end
end
end
assign s1 =s0_reg + p2_reg - p3_reg;
always @(posedge clock or posedge reset)begin
if(reset)begin
s1_reg <=0;
end else begin
if(ce)begin
s1_reg <= s1;
end
end
end
assign s=s1_reg;
endmodule
VHDL 7~
library IEEE;
use IEEE.std_logic_1164.all;
use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;
entity top is
generic(
a_width : integer := 18;
b_width : integer := 18;
s_width : integer := 54
);
port (
s: buffer std_logic_vector(s_width-1 downto 0);
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a0,a1,a2,a3d : in std_logic_vector(a_width-1 downto 0);
b0,b1,b2,b3 : in std_logic_vector(b_width-1 downto 0);
ce: in std_logic;
clock: in std_logic;
reset: in std_logic
);
end top;
architecture Behavioral of top is

signal a0_reg,a1_reg,a2_reg,a3_reg: std_logic_vector(a_width-1

downto 0);

signal bO_reg,b1_reg,b2 reg,b3 reg: std_logic_vector(b_width-1
downto 0);

signal p0,p1,p2,p3: std_logic_vector(a_width+b_width-1 downto
0);

signal s0,s1: std_logic_vector(s_width-1 downto 0);

signal p0_reg,p1_reg,p2_reg,p3_reg: std_logic_vector(s_width-1
downto 0);

signal sO_reg,s1_reg: std_logic_vector(s_width-1 downto 0);
begin
process(clock,reset)begin
if(reset="1")then
a0_reg<=(others=>'0");
a1l _reg<=(others=>'0");

a2_reg<=(others=>'0'

b0_reg<=(others=>'0'

b1 _reg<=(others=>'0'

)
)
)
a3_reg<=(others=>'0");
)
)
)
)

(

(

b2_reg<=(others=>'0");

b3_reg<=(others=>'0");

else

if(rising_edge(clock))then
if(ce="1")then

a0_reg<=a0;
al_reg<=af,
a2_reg<=az,
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a3_reg<=ag3;
b0 _reg<=b0;
b1_reg<=b1;
b2 reg<=b2;
b3_reg<=bg3;

end if;
end if;
end if;
end process;

pO<=a0_reg*b0 reg;
p1<=al_reg*b1 _reg;
p2<=a2_reg*b2_reg;
p3<=a3_reg*b3 regq;

process(clock,reset)begin
if(reset="1")then

p0_reg<=(others=
p1_reg<=(others=
p2_reg<=(others=
p3_reg<=(others=

else

if(rising_edge(clock))then

if(ce="1")then

p0_reg<=x"0000" & "00" & pO;
p1_reg<=x"0000" & "00" & p1;
p2_reg<=x"0000" & "00" & p2;
p3_reg<=x"0000" & "00" & p3;

end if;
end if;
end if;
end process;

s0<=p0_reg+p1_regq;

SUG949-1.9
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process(clock,reset)begin
if(reset="1")then
s0_reg<=(others=>'0");
else
if(rising_edge(clock))then
if(ce="1")then
s0_reg<=s0;
end if;
end if;
end if;
end process;

s1<=s0_reg+p2_reg-p3_reg;

process(clock,reset)begin
if(reset="1")then
s1_reg<=(others=>'0");
else
if(rising_edge(clock))then
if(ce="1"then
s1_reg<=s1;
end if;
end if;
end if;
end process;
s<=s1_reg;
end Behavioral;
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Arora V DSP (Digital Signal Processing) ¥ 75543, I LLsZHRk
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7.1.1 ESTUMRIhEE

LA MULTALU27X18 Syl 251 S WU Eh RE I Se 8L, - Hodhh % 30T 4
FHIR:
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Verilog 7~#1:

module top(a,b,d,out);

input signed[15:0]a;

input signed[15:0]b;

input signed[15:0]d;

output signed[31:0]out;

assign out=(a+d)*b;

endmodule

VHDL R

library IEEE;

use IEEE.STD_LOGIC_1164.ALL,;
use IEEE.NUMERIC_STD.ALL,;

entity top is
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generic(
a_width : integer := 16;
b_width : integer := 16;
d_width : integer := 16;
dout_width : integer := 32
);
port (
dout: out signed (dout_width downto 0);
a : in signed (a_width-1 downto 0);
b : in signed (b_width-1 downto 0);
d : in signed (d_width-1 downto 0)
);
end top;
architecture Behavioral of top is
signal ad_add:signed (a_width downto 0);
begin
ad_add<=resize(a,17)+resize(d,17);
dout<=ad_add*b;
end Behavioral;

7.1.2 BhASTRMN AT E
LA MULTALU27X18 B R Eh A IR D RE RO SE L, Hegm i = mT 4
PR
Verilog 7~51:
module top(clk,ce,reset,a,b,d,psel,out);
input signed[15:0]a;
input signed[15:0]b;
input signed[15:0]d;
input psel;
input [1:0]clk,ce,reset;
output reg signed[31:0]out;
reg signed[31:0]preg;
always@(posedge clk[0])begin
if(reset[0])begin
preg<=0;
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end
else begin
if(ce[0])begin
preg<=psel ? (a+d)*b : (a-d)*b;
end
end
end

always@(posedge clk[1])begin
if(reset[1])begin
out<=0;
end
else begin
if(ce[1])begin
out<=preg;
end
end
end
endmodule
VHDL 7~
library IEEE;
use IEEE.STD_LOGIC_1164.ALL,;
use IEEE.NUMERIC_STD.ALL,;

entity top is
generic(
a_width : integer := 16;
b_width : integer := 16;
d_width : integer := 16;
dout_width : integer := 33
);
port (
dout: out signed (dout_width-1 downto 0);
a : in signed (a_width-1 downto 0);
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b : in signed (b_width-1 downto 0);
d : in signed (d_width-1 downto 0);
psel : in std_logic;
clk,ce,reset:in signed (1 downto 0)
);
end top;
architecture Behavioral of top is
signal preg:signed (dout_width-1 downto 0);
begin
process(clk)begin
if(rising_edge(clk(0)))then
if(reset(0)="1"then
preg<=(others=>'0");

else
if(ce(0)="1")then
if(psel="1")then
preg<=( (a(a_width-1)&a) + (d(d_width-1)
&d) )*b;
else
preg<=( (a(a_width-1)&a) - (d(d_width-1)
&d) )*b;
end if;
end if;
end if;
end if;

end process;

process(clk)begin
if(rising_edge(clk(1)))then
if(reset(1)="1")then
dout<=(others=>'0");
else
if(ce(1)="1")then
dout<=preg;

end if;
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end if;
end if;
end process;
end Behavioral;

7.2 FeSETNEE
Arora V DSP " LASEHIL 27X36 LA AL 98 KA 775 LR, ARAE AL % A
[&] A AHERT A MULTALU27X18 . MULT12X12.MULT27X36. LAZ: it AREG.
BREG. PIPE_REG. OUT_REG. ®#E A MULTALU27X18 Jyf
I, H IS T AT W T s
Verilog 7~
module top(a,b,clk,ce,rst,out);
input signed[26:0]a;
input signed[17:0]b;
input [1:0]clk,ce,rst;
output signed[44:0]out;
reg signed[26:0]a_reg;
reg signed[17:0]b_reg;
reg signed[44:0]pp_reg,out_reg;
always@(posedge clk[0] or posedge rst[0])begin
if (rst[0])begin
a_reg<=0;
b_reg<=0;
end
else begin
if(ce[0])begin
a_reg<=a;
b_reg<=b;
end
end
end
always@(posedge clk[1] or posedge rst[1])begin
if (rst[1])begin
pp_reg<=0;
end
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else begin
if(ce[1])begin
pp_reg<=a_reg*b_reg;
end
end
end
always@(posedge clk[1] or posedge rst[1])begin
if (rst[1])begin
out_reg<=0;
end
else begin
if(ce[1])begin
out_reg<=pp_reg;
end
end
end

assign out=out_reg;

endmodule

VHDL 7~

library IEEE;

use IEEE.STD_LOGIC_1164.ALL,;
use IEEE.NUMERIC_STD.ALL,;

entity top is
generic(
a_width : integer := 27;
b_width : integer := 18;
dout_width : integer := 45
);
port (
dout: out signed (dout_width-1 downto 0);
a : in signed (a_width-1 downto 0);
b : in signed (b_width-1 downto 0);
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clk,ce,rst:in signed (1 downto 0)
);
end top;
architecture Behavioral of top is
signal a_reg: signed (a_width-1 downto 0);
signal b_reg: signed (b_width-1 downto 0);
signal pp_reg,out_reg:signed (dout_width-1 downto 0);
begin
process(clk(0),rst(0))begin
if(rst(0)="1"then
a_reg<=(others=>'0");
b_reg<=(others=>'0");
else
if(rising_edge(clk(0)))then
if(ce(0)="1")then

a_reg<=a;
b_reg<=b;
end if;
end if;
end if;

end process;

process(clk(1),rst(1))begin
if(rst(1)="1"then
pp_reg<=(others=>'0");
else
if(rising_edge(clk(1)))then
if(ce(1)="1")then
pp_reg<=a_reg*b_reg;
end if;
end if;
end if;
end process;
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process(clk(1),rst(1))begin
if(rst(1)="1"then
out_reg<=(others=>'0");
else
if(rising_edge(clk(1)))then
if(ce(1)="1")then
out_reg<=pp_reg;
end if;
end if;
end if;
end process;
dout<=out_reg;
end Behavioral;

7.3 FEMINGE
Arora V DSP m] DLs2H)l 27X18 DL M 5E A 775 e, SCFESn
T EEAE . BASBTINIRERE DA [F20 30 B EE . JemTh Be AR P& 4L % 1Y
ANTE AT DAAE Ty MULTALU27X18 1 MULTADDALU12X12.

7.3.1 BRASHIAINRE
DB AT IIAE ) MULTADDALU12X12 A 455 2 s Th RE 1) Sz 9L,
Fegwtd e AT a0 s pros
Verilog 7~51:
module top(a,b,d0,d1,out);
input signed[11:0]a;
input signed[11:0]b;
input signed[11:0]d0;
input signed[11:0]d1;
output signed[24:0]out;
assign out=a*b + d0*d1;
endmodule
VHDL 7~
library IEEE;
use IEEE.STD_LOGIC_1164.ALL,;
use IEEE.NUMERIC_STD.ALL,;
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entity top is
generic(
a_width : integer := 12;
b_width : integer := 12;
dout_width : integer := 25
);
port (
dout: out signed (dout_width-1 downto 0);
a,d0 : in signed (a_width-1 downto 0);
b,d1 : in signed (b_width-1 downto 0)
);
end top;
architecture Behavioral of top is
signal mult1,mult2 : signed (dout_width-2 downto 0);
begin
mult1<=a*b;
mult2<=d0*d1;

dout<=(mult1(dout_width-2) & mult1) +(mult2(dout_width-2) &
mult2);

end Behavioral;

7.3.2 Bh7S A ThaE

Pl AREG. BREG. CREG. PREG. OREG. [FIZEA A KI5
AT HER MULTALU27X18 469 A Zh S D e U SE B, Hegw it 31X
CIE RN

Verilog 7~

module top(a,b,c,clk,ce,rst,sel,addsub,out);

input signed[11:0]a;

input signed[11:0]b;

input signed[47:0]c;

input [1:0]clk,ce,rst;

input sel,

input[1:0] addsub;

output signed[47:0]out;

reg signed[11:0]a_reg;
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reg signed[11:0]b_reg;
reg signed[47:0]c_reg;

reg signed[47:0]pp_reg,out_reg;
wire signed[47:0]c_sig;
assign c_sig=sel ? ¢ _reg: 0;
always@(posedge clk[0])begin
if (rst[0])begin
a_reg<=0;
b _reg<=0;
c_reg<=0;
end
else begin
if(ce[0])begin
a_reg<=a;
b_reg<=b;
C_reg<=c;
end
end
end
always@(posedge clk[1])begin
if (rst[1])begin
pp_reg<=0;
end
else begin
if(ce[1])begin
pp_reg<=a_reg*b_reg;
end
end
end
always@(posedge clk[1])begin
if (rst[1])begin
out_reg<=0;
end
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else begin
if(ce[1])begin
out_reg<= addsub==2'b00 ? pp_reg + c_sig :
addsub==2'b01 ? -pp_reg + c_sig:

addsub==2'b10 ? pp_reg - c_sig : -pp_reg-
C_sig;

end
end
end

assign out=out_reg;

endmodule

VHDL 7~

library IEEE;

use IEEE.STD_LOGIC_1164.ALL,;
use IEEE.NUMERIC_STD.ALL;

entity top is
generic(
a_width : integer := 12;
b_width : integer := 12;
c_width : integer := 48;
dout_width : integer := 48
);
port (
dout: out signed (dout_width-1 downto 0);
a : in signed (a_width-1 downto 0);
b : in signed (b_width-1 downto 0);
c : in signed (c_width-1 downto 0);
sel : in std_logic;
addsub : in std_logic_vector(1 downto 0);
clk,ce,rst:in signed (1 downto 0)

end top;

SUG949-1.9 158(174)




7 Arora V DSP Zwfi s

7.3 FINIhAEE

architecture Behavioral of top is
signal a_reg: signed (a_width-1 downto 0);
signal b_reg: signed (b_width-1 downto 0);
signal c_reg : signed (c_width-1 downto 0);
signal pp_reg:signed (a_width+b_width-1 downto 0);
signal c_sig:signed (c_width-1 downto 0);
signal out_reg :signed (dout_width-1 downto 0);
begin
process(sel,c_reg)begin
if(sel="1")then
C_sig<=c_reg;
else
c_sig<=(others=>'0");
end if;
end process;

process(clk(0))begin
if(rising_edge(clk(0)))then
if(rst(0)="1"then
a_reg<=(others=>'0");
b_reg<=(others=>'0");
c_reg<=(others=>'0");
else
if(ce(0)="1")then
a_reg<=a;
b_reg<=b;
C_reg<=c;
end if;
end if;
end if;
end process;
process(clk(1))begin
if(rising_edge(clk(1)))then
if(rst(1)="1"then

SUG949-1.9

159(174)




7 Arora V DSP Zwfi s

7.3 FINIhAEE

pp_reg<=(others=>'0");

else
if(ce(1)="1")then

pp_reg<=a_reg*b_reg;

end if;

end if;

end if;
end process;

process(clk(1))begin
if(rising_edge(clk(1)))then
if(rst(1)="1"then
out_reg<=(others=>'0");
else
if(ce(1)="1")then
if(addsub="00")then
out_reg<=pp_reg + C_sig;
elsif(addsub="01")then
out_reg<= -pp_reg+c_sig ;
elsif(addsub="10")then
out_reg<= pp_reg - C_sig;

else
out_reg<= -pp_reg - Cc_sig;
end if;
end if;
end if;
end if;

end process;

dout<=out_reg;
end Behavioral;
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7.4 RMINEE
Arora V DSP #] DLSEZEL 27X18 DL R L% 1A 775 RAINERAE, XHREE R
InEE . 203 BInEAE LR A R0 B EE . BNThaeR 847 78 FI A A
Al LLHEWT A MULTALU27X18 #1 MULTADDALU12X12.

7.4.1 BSRMINAE
it OREG. [FI E A1 MULTALU27X18 A/ 2HFk s BT
RERISEIL, Hgmd e sUrT an s pros:
Verilog 7~
module top(a,b,clk,ce,rst,out);
parameter widtha=27;
parameter widthb=18;

input signed[26:0]a;
input signed[17:0]b;
input clk,ce,rst;

output signed[44:0]out;
reg signed[44:0]out_reg;
wire signed[44:0]s_sel;
wire signed[44:0]Jmout;

assign s_sel= out_reg;
assign mout=a*b;
always@(posedge clk)begin
if (rst)begin
out_reg<=0;
end
else begin
if(ce)begin
out_reg<=s_sel+mout;
end
end
end
assign out=out_reg;

endmodule
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VHDL 7= 41:

library IEEE;

use IEEE.STD_LOGIC_1164.ALL;
use IEEE.NUMERIC_STD.ALL;

entity top is
generic(
a_width : integer := 27;
b_width : integer := 18;
dout_width : integer := 45
);
port (
dout: out signed (dout_width-1 downto 0);
a : in signed (a_width-1 downto 0);
b : in signed (b_width-1 downto 0);
clk,ce,rst:in std_logic
);
end top;
architecture Behavioral of top is
signal mout :signed (dout_width -1 downto 0);
signal s_sel :signed (dout_width -1 downto 0);
signal out_reg :signed (dout_width-1 downto 0);
begin
mout<=a*b;
s_sel<=out_reg;
process(clk)begin
if(rising_edge(clk))then
if(rst="1")then
out_reg<=(others=>'0");
else
if(ce="1")then
out_reg<=s_sel+mout;
end if;
end if;
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end if;
end process;

dout<=out_reg;
end Behavioral;

7.4.2 RIFSRINTHRE
Pl AREG. BREG. OREG. [FIZPE AT MULTALU27X18
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Verilog 7~4:
module top(a,b,clk,ce,rst,accsel,out);
parameter PRE_LOAD = 48'h000000000012;

input signed[26:0]a;
input signed[17:0]b;
input [1:0]clk,ce,rst;
input accsel;
output signed[44:0]out;
reg signed[44:0]out_reg;
wire signed[44:0]s_sel;
wire signed[44:0]Jmout;
reg signed[26:0]a_reg;
reg signed[17:0]b_reg;
always@(posedge clk[0])begin
if (rst[0])begin
a_reg<=0;
b_reg<=0;
end
else begin
if(ce[0])begin
a_reg<=a;
b_reg<=b;
end
end

end
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assign s_sel=accsel == 1'b1 ? out_reg : PRE_LOAD;

assign mout=a_reg*b_reg;

always@(posedge clk[1])begin
if (rst[1])begin
out_reg<=0;
end
else begin
if(ce[1])begin
out_reg<=s_sel+mout;
end
end
end

assign out=out_reg;

endmodule

VHDL 7~

library IEEE;

use IEEE.STD_LOGIC_1164.ALL,;
use IEEE.NUMERIC_STD.ALL,;

entity top is
generic(
a_width : integer := 27;
b_width : integer := 18;
dout_width : integer := 45
);
port (
dout: out signed (dout_width-1 downto 0);
a : in signed (a_width-1 downto 0);
b : in signed (b_width-1 downto 0);
accsel : in std_logic;
clk,ce,rst:in signed (1 downto 0)
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);
end top;
architecture Behavioral of top is
signal a_reg: signed (a_width-1 downto 0);
signal b_reg: signed (b_width-1 downto 0);
signal mout,s_sel :signed (dout_width-1 downto 0);
signal out_reg :signed (dout_width-1 downto 0);
begin
process(clk(0))begin
if(rising_edge(clk(0)))then
if(rst(0)="1"then
a_reg<=(others=>'0");
b_reg<=(others=>'0");
else
if(ce(0)="1")then
a_reg<=a;
b_reg<=b;
end if;
end if;
end if;
end process;

process(accsel,out_reg)begin
if(accsel="1")then
s_sel<=out_reg;
else
s_sel<='0'&x"00000000012";
end if;
end process;
mout<=a_reg*b_reg;
process(clk(1))begin
if(rising_edge(clk(1)))then
if(rst(1)="1"then
out_reg<=(others=>'0");
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else
if(ce(1)="1"then
out_reg<=s_sel + mout;
end if;
end if;
end if;
end process;

dout<=out_reg;
end Behavioral;

7.5 SRERTHRE
Arora V DSP ] LASEH] 27X18 LA N AL T8 A 75 5 B /F , SORF b
EIJR1EH MULTALU27X18 Fil MULTADDALU12X12,
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Verilog 7~

module top(a,b,d0,d1,a1,b1,d2,d3,out);
input signed[11:0]a,a1;

input signed[11:0]b,b1;

input signed[11:0]d0,d2;

input signed[11:0]d1,d3;

output signed[24:0]out;

assign out=a*b + d0*d1+a1*b1 + d2*d3;
endmodule

VHDL 7~

library IEEE;

use IEEE.STD_LOGIC_1164.ALL,;

use IEEE.NUMERIC_STD.ALL,;

entity top is
generic(
a_width : integer := 12;
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b_width : integer := 12;
dout_width : integer := 25
);
port (
dout: out signed (dout_width-1 downto 0);
a,a1,d0,d1 : in signed (a_width-1 downto 0);
b,b1,d2,d3 : in signed (b_width-1 downto 0)
);
end top;
architecture Behavioral of top is
signal mult1,mult2,mult3,mult4:signed(dout_width-2 downto 0);
begin
mult1<=a*b;
mult2<=d0*d1;
mult3<=a1*b1;
mult4d<=d2*d3;

dout<=(mult1(dout_width-2) & mult1) + (mult2(dout_width-2) &
mult2) + (mult3(dout_width-2) & mult3) + (mult4(dout_width-2) & mult4);

end Behavioral;

7.5.2 7SR BRI BE
P4 2 A MULTALU27X18 Z2IE I A A SR BETh e (O Se B, gmAn v
KA1 o

Verilog 7~51:

module top(clk,ce,rst,sel,a,b,a1,b1,out);
parameter widtha=27;

parameter widthb=18;

parameter widthout=widtha+widthb;

input signed[widtha-1:0]a,a1;

input signed[widthb-1:0]b,b1;

input [1:0]clk,ce,rst;

input sel,

output reg signed[widthout:0O]out;
reg signed[widtha-1:0]a_reg,a1_reg;
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reg signed[widthb-1:0]b_reg,b1_reg;
reg signed[widthout-1:0]p0_reg,p1_reg;

always@(posedge clk[0])begin
if(rst[0])begin
a_reg <=0;
al_reg <=0;
b reg <=0;
b1_reg <= 0;
end
else begin
if(ce[0])begin
a_reg <= a;
al_reg <= af;
b_reg <=b;
b1 reg <= b1,
end
end
end

always@(posedge clk[1])begin
if(rst[1])begin
p0_reg <= 0;
p1_reg <= 0;
end
else begin
if(ce[1])begin
p0_reg <= a_reg*b_req;
p1_reg <=a1l_reg*b1 _reg;
end
end
end

always@(posedge clk[1])begin
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if(rst[1])begin
out <= 0;
end
else begin
if(ce[1])begin
out <=sel ? p0_reg + p1_reg: p1_regq;
end
end
end
endmodule
VHDL 7~
library IEEE;
use IEEE.STD_LOGIC_1164.ALL,;
use IEEE.NUMERIC_STD.ALL,;

entity top is
generic(
a_width : integer := 27;
b_width : integer := 18;
dout_width : integer := 46
);
port (
dout: out signed (dout_width-1 downto 0);
a,al :in signed (a_width-1 downto 0);
b,b1 :in signed (b_width-1 downto 0);
sel : in std_logic;
clk,ce,rst:in std_logic_vector(1 downto 0)
);
end top;
architecture Behavioral of top is
signal a_reg,a1_reg : signed (a_width-1 downto 0);
signal b_reg,b1_reg : signed (b_width-1 downto 0);
signal p0_reg,p1_reg :signed (dout_width -2 downto 0);
begin
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process(clk(0))begin
if(rising_edge(clk(0)))then
if(rst(0)="1"then
a_reg<=(others=>'0");
al_reg<=(others=>'0");
b_reg<=(others=>'0");
b1 _reg<=(others=>'0");
else
if(ce(0)="1")then
a_reg<=a;
al_reg<=af,
b_reg<=b;
b1 _reg<=b1;
end if;
end if;
end if;
end process;

process(clk(1))begin
if(rising_edge(clk(1)))then
if(rst(1)="1"then
p0_reg<=(others=>'0");
p1_reg<=(others=>'0");

else
if(ce(1)="1"then
p0_reg<=a_reg*b_reg;
p1_reg<=al_reg*b1 _reg;
end if;
end if;
end if;

end process;

process(clk(1))begin
if(rising_edge(clk(1)))then
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if(rst(1)="1"then
dout<=(others=>'0");
else
if(ce(1)="1")then
if(sel="1")then

dout<=(p0_reg(dout_width -2) & p0_reg) +
(p1_reg(dout_width -2) & p1_req);

else
dout<=p1_reg(dout_width -2) & p1_reg;
end if;
end if;
end if;
end if;
end process;

end Behavioral;

7.6 BALTHRE
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Verilog 7~

module top(a, d0, d1, b0, b1, p0, p1, clk, ce, rst);

input signed[25:0] a,d0,d1;

input signed[17:0] b0,b1;

input clk, ce, rst;

output signed [44:0] pO, p1;

wire signed [26:0] paddsubO0, paddsub1;

reg signed [25:0] a_reg0, a_reg1,a_reg2,d0_reg,d1_reg;

always @(posedge clk)
begin
if(rst)begin
a_reg0 <=0;
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a_reg1 <=0;
a_reg2 <= 0;
d0_reg <= 0;
d1_reg <=0;
end else begin
if(ce)begin
a_reg0 <= a;
a_reg1 <=a_reg0;
a_reg2 <= a_reg1;
d0_reg <= d0;
d1_reg <=d1;
end
end
end
assign paddsub0 = a_reg0 + d0_reg;
assign paddsub1 =a_reg2 + d1_reg;

assign p0 = paddsubO0 * bO0;
assign p1 = paddsub1 * b1;
endmodule

VHDL 7~

library IEEE;

use IEEE.STD_LOGIC_1164.ALL,;
use IEEE.NUMERIC_STD.ALL,;

entity top is
generic(
a_width : integer := 26;
b_width : integer := 18;
dout_width : integer := 45
);
port (
p0,p1: out signed (dout_width-1 downto 0);
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a,d0,d1 : in signed (a_width-1 downto 0);
b0,b1 : in signed (b_width-1 downto 0);
clk,ce,rst:in std_logic
);
end top;
architecture Behavioral of top is

signal a_reg0,a_reg1 ,a_reg2,d0_reg,d1_reg: signed (a_width-1
downto 0);

signal paddsub0,paddsub1 :signed (a_width downto 0);
begin
process(clk)begin
if(rising_edge(clk))then
if(rst="1")then

a_reg0<=(others=>'0");
a_reg1<=(others=>'0");
a_reg2<=(others=>'0'");
dO_reg<=(others=>'0'),
d1_reg<=(others=>'0'"),

else
if(ce="1")then
a_reg0<=a;
a_reg1<=a_regO0;
a_reg2<=a_reg1;
d0_reg<=d0;
d1_reg<=d1;
end if;
end if;
end if;

end process;

paddsub0O<=(a_reg0(a_width-1) & a_reg0) + (d0_reg (a_width-1)
& d0_req);

paddsub1<=(a_reg2(a_width-1) & a_reg2) + (d1_reg (a_width-1)
& d1_regq);
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pO<=paddsub0 * bO;
p1<=paddsub1 * b1;

end Behavioral;
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