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1 RTATFM 1.1 FHARE

1.1 FHAR
AT I 5 2© DL iU 3R JUR ) HDL 4390, i e
TP P B A 5 2 HDL S RSBS00, 46 9 2 i, SRt

M

1.2 #R 30

W B =L SR M EE www.gowinsemi.com.cn 7] N #E . BE DL T
FHY
® SUG100, Gowin = JE#A4H 655
® SUG283, Gowin JFi& 45

1.3 Ki&\ FEREIE

KA1 RANH AT BLARSCOARE . Aams i R AR X .
' 1-1 K&, FERIE

ARG Gl iE | 2 EP

BSRAM Block Static Random Access Memory HURF S BENLATff 2%
CLU Configurable Logic Unit A fic B3P T

DSP Digital Signal Processing LA SRR (S

FSM Finite State Machine A BRARESHL

HDL Hardware Description Language AR T &

SSRAM Shadow Static Random Access Memory | 4375 Ui ASBEN A 5%
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2 Buffer 4ifid i 2.1 IBUF

2 Buffer 43R ia

Buffer, Zihds, BAZFIIRE. WRIEAFIIGE, w9 NHi buffer.
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), #iAZZ#s. Homidimaar kAT 2 Fir .
EVE
module ibuf (o, i);
inputi;
output o ;
assigno =i ;
endmodule
Jix 2:
module ibuf (o, i);
input i ;
outputo;
buf IB (o, i);
endmodule

2.2 TLVDS_IBUF
TLVDS_IBUF(True LVDS Input Buffer), EZ/iANZEas. 1% EH
LT B IE IR R, Hgwmbd e AT a0 s pros
module tlvds_ibuf_test(in1_p, in1_n, out);
input in1_p/* synthesis syn_tlvds_io = 1%/;
input in1_n/* synthesis syn_tlvds_io = 1%/,
output reg out;
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2 Buffer gai it 2.3 ELVDS_IBUF

always@(in1_p or in1_n) begin

if (in1_p !=in1_n) begin
out =in1_p;
end

end

endmodule
2.3 ELVDS_IBUF

ELVDS_IBUF(Emulated LVDS Input Buffer), 250 NGErde. 1%

2.4 OBUF

SUGY949-1.4

JRAE R SEIL R E RIS R R, Fegmtd e T an s pros
module elvds_ibuf _test (in1_p, in1_n, out);
input in1_p/* synthesis syn_elvds_io = 1%/;
input in1_n/* synthesis syn_elvds_io = 1%/,
output reg out;
always@(in1_p or in1_n)begin

if (in1_p !=in1_n) begin
out=in1_p;
end
end
endmodule

OBUF(Output Buffer), #iittiZgmas. Hegmid B AT 2 Fhor .

Jii1:

module obuf (o, i);
input i ;

outputo;
assigno =i;
endmodule

J7i%: 2:

module obuf (o, i);
input i ;

output o ;

buf OB (o, i);
endmodule
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2 Buffer 4ifid i 2.5 TLVDS_OBUF

2.5 TLVDS_OBUF
TLVDS_OBUF(True LVDS Output Buffer), HZ 5 %t by . 1255
HYSEIL R ZA IR PR L R, Hgmhd e UrT an ks B
module tlvds_obuf_test(in,out1,out2);
input in;
output out1/* synthesis syn_tlvds_io = 1%/,
output out2/* synthesis syn_tlvds_io = 17/,
assignout1 = in;
assign out2 = ~out1;
endmodule

2.6 ELVDS_OBUF

ELVDS_OBUF(Emulated LVDS Output Buffer), B2 4 H 22 b 4% .
ZEAE ST EIR B LA, HRL T T a0 R fR

module elvds_obuf_test(in,out1,out2);
input in;

output out1/* synthesis syn_elvds_io = 1%/;
output out2/* synthesis syn_elvds_io = 17/,
assign out1=in;

assign out2 = ~out1;

endmodule

2.7 TBUF

TBUF(Output Buffer with Tri-state Control), =Z&:Z% %8, Ik H P AE.

Hogwmtd e A nT R Han T 2 #7730
JiR1:
module tbuf (in, oen, out);
input in, oen;
output out;
assign out= ~oen ? in :1'bz;
endmodule
EWE
module tbuf (out, in, oen);
input in, oen;
output out;
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2 Buffer gmfid e

2.8 TLVDS_TBUF

bufif0 TB (out, in, oen);
endmodule

28 TLVDS_TBUF

TLVDS_TBUF(True LVDS Tristate Buffer), H 27 —&Zrhas, KHF

flife. IR ST ERINEIEL R, H S a0 T B

module tlvds_tbuf_test(in, oen, out1,out2);
input in;

input oen;

output out1/* synthesis syn_tlvds_io = 17/,
output out2/* synthesis syn_tlvds_io = 17/,
assign out1 = ~oen ? in : 1'bz;

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

2.9 ELVDS _TBUF

ELVDS_TBUF(Emulated LVDS Tristate Buffer), 2/ =& 8%,

IR RE . 2R SCEL R B INRTEL R, gl i~ s

2.10 IOBUF

module elvds_tbuf test(in, oen, out1,out2);
input in, oen;

output out1/* synthesis syn_elvds_io = 17/,
output out2/* synthesis syn_elvds_io = 1*/;
assign out1 = ~oen ? in : 1'bz;

assign out2 = ~oen ? ~in : 1'bz;

endmodule

IOBUF(Bi-Directional Buffer), X{[f22 4%, 4 OEN A& HLFRS, 1EA

MNZzrids; OEN MRHCFIS, fEovim i gt ds . HgmtdaAn R Qs 2
oy

SUGY949-1.4

EYE

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

output out;

inout io;

assign io= ~oen ? in :1'bz;
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2 Buffer gmfi% i

e

v

(EX

2.11 TLVDS_IOBUF

assign out = io;

endmodule

Jra 2:

module iobuf (out, io, i, oen);
input i,0oen;

output out;

inout io;

buf OB (out, io);

bufifO IB (io,i,oen);
endmodule

2,11 TLVDS_IOBUF

TLVDS_IOBUF(True LVDS Bi-Directional Buffer), 377 XA 2211 4% ,

2 OEN Jym Py, VENEZEDMAZ S OEN NRH-FR, fEhHEZE
ot gt as . ZEIE RS ERINE TR L A, A% R a0 R B

module 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;
bufifO ib(io, i, oen);
notifO yb(iob, i, oen);
always @(io or iob)begin

if (io |=iob)begin

0 <=i0;

end
end
endmodule

212 ELVDS _IOBUF

SUGY949-1.4

ELVDS_IOBUF(Emulated LVDS Bi-Directional Buffer), #4243 XA

ZEAs, 29 OEN My HESFI, VBN 22 70 i N 2245 s OEN MK HESFI
VE IR ZE St 22 b 8% o 1ZJRAB ) SEEL T BB e, Hegmid e nT
W Frs:

module elvds_iobuf(o, io, iob, i, oen);
output o;

7(78)




2 Buffer 4ifid i 2.12 ELVDS _IOBUF

inout io /* synthesis syn_elvds_io =1 %/,
inout iob /* synthesis syn_elvds_io =1 */;
input i, oen;
reg o;
bufifO ib(io, i, oen);
notifO yb(iob, i, oen);
always @(io or iob)begin

if (io != iob)begin

0 <=io;

end
end
endmodule

SUG949-1.4 8(78)




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
BNEHRE LUT, %A LUT 45#94 LUT1. LUT2. LUT3. LUT4, X
X IAE T A 3R R A NAL % AN, HszIl 5 =0n] R R J LA

3.1.1 ERFTER

module rtl_LUT4 (f, i0, i1,i2,i3);
parameter INIT = 16'h2345;
input io, i1, i2,i3;

output f;

assign f=INIT[{i3,i2,i1,i0}];
endmodule

3.1.2 & HFEHBER

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

output f;

assign f=sel?a:b;
endmodule

3.1.3 ZEFEHEN

module top(a,b,c,d,out);
input [3:0]a,b,c,d;
output [3:0]out;

SUG949-1.4 9(78)




3 CLU #mfid iy 3.2ALU

assign out=a&b&c|d;
endmodule

3.2 ALU

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

3.2.1 ADD IhgE

LA 4 Rrasimas Al 4 Az hngs 44 ALU i) ADD Z)gé:
4 L2 hN7F
4 A e g is e X nl W s pros
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
4 AL N2g
4 {2 imas g i e an s s
module add(a,b,sum,cout);
input [3:0] a,b;
output [3:0] sum;
output cout;
assign {cout,sum}=a+b;
endmodule

3.2.2 SUB Ih&E

module sub(a,b,sub);
input [3:0] a,b;
output [3:0] sub;
assign sub=a-b;
endmodule

SUG949-1.4 10(78)




3 CLU #mfid iy 3.3 FF

3.2.3 ADDSUB Iigg

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

3.2.4 NE Ih&E

module ne(a, b, cout);

input [11:0] a, b;

output cout;

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

3.3 FF

fih ¢ 2 ) P HL B R FH AR A uE, FPGA SR I 7 2 4R 4R v] i it
FF 4585230, 4 %) FF &5 DFF. DFFE. DFFS. DFFSE 4, HX5HI#ET
54777 2 ik ok 7 20 5 T . Arora VI fid k2% JEE{ X5 DFFSE.DFFRE.
DFFPE. DFFCE. AilL DFFSE. DFFRE. DFFPE. DFFCE A4 %%
TEAs IS, Hofth B A7 28 5 JFAB I Sl ] % 1K J LR S A7 88 - Zmfid e X reg
G, BURINVILEE, SRR NPIGE 5% UG288, Gowin
AP B 1 0(CEU) A P 15 o

3.3.1 DFFSE

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
q <=1'b1;
end
else begin
if (ce)begin
q<=d;

end
SUG949-1.4 11(78)
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3 CLU Zwfi#i i

3.3 FF

3.3.2 DFFRE

3.3.3 DFFPE

SUGY949-1.4

end
end
endmodule

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
q <= 1'b0;
end
else begin
if (ce)begin
q<=d;
end
end
end
endmodule

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 <= 1'b1;
end
else begin
if (ce)begin
q<=d;
end
end
end
endmodule

12(78)




3 CLU #mfid iy 3.4 LATCH

3.3.4 DFFCE

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
g <= 1'b0;
end
else begin
if (ce)begin
q<=d;
end
end
end
endmodule

3.4 LATCH

BT A e — PO POk RATEAE SR G R, HnT AR NP E R
MARIRAS . Arora V HI8if7 28515 14 DLCE. DLPE. A%\ DLCE. DLPE
RBINRE AT A B SEE,  FLAD A AT 88 R SR 1 SE B AT 225 1K LR B A7 4%
i e X reg {550, BURNINWIGE, AR RPVIGET %
UG288, Gowin A/ & 1554 0(CFU) /7 15 -

3.4.1 DLCE

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

SUG949-1.4 13(78)
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3 CLU Zwfi#i i

3.4 LATCH

end
end
endmodule

3.4.2 DLPE

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 <=1'b1;
end
else begin
if (G && CE)begin
Q<=D;
end
end
end
endmodule

SUGY949-1.4
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4 BSRAM #ifid#ii 4.1 DPB/DPX9B

4 BSRAM ZmiZH#HL7E

BSRAM—YuIR s BEHIAA it 2, A ESFIII6E. MW ER, 7T
a3 N RS (SP/SPX9). Xt 155 (DPB/DPX9B). XU I
(SDPB/SDPX9B) #1H #455 (pROM/pROMX9).

4.1 DPB/DPX9B
DPB/DPX9B 174 25 18] 735 4 16K bit/18K bit, H TAERE = A3

PR, S A Al B 0] o BT SEE S A, 0T SCRE 2 Rl

(bypass 1 F1 pipeline #X) 1 3 FE#ix{ (normal iz, write-through
B0 read-before-write Bix0). A liethidil 2 5425 register. #J{H B
ST AT S B
!
¥ 55nm L2 gstE, AL read-before-write 515 204 i KU -

4.1.1 ERBIL 5T register

B b3 register i, S Brisz bl register Tod% #4554 1 -
L write-through . bypass. [ &A1) DPB M/ A S, Hgmhd
TR TR s

module normal(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;
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4 BSRAM #ifid#ii 4.1 DPB/DPX9B

always@(posedge clka)begin
addra_reg<=addra;

end

always @(posedge clka)begin
if (cea & wrea) begin

mem[addra] <= data_ina;

end

end

assign data_outa = mem[addra_reqg];

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

4.1.2 {EHBIE AR 5T Register, HitH42iT Register

B AT register B, fH AZZE T register, £2id—2K register K
N bypass 3 ; 4L H %% register I 4 pipeline #3(. LA normal. pipeline.
A2 2 A DPB G/ 4H S, Hogmbs T X mT i F s :

module normal(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 reg [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];
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4 BSRAM #ifid#ii 4.1 DPB/DPX9B

reg [15:0] data_outa_reg=16'h0000;
reg [15:0] data_outb_reg=16'n0000;
always@(posedge clka)begin
if(rsta)begin
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
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4 BSRAM #ifid#ii 4.1 DPB/DPX9B

data_outb <= data_outb_reg;
end
end
end
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

4.1.3 memory E X FIIRK#{E

memory & X I TR#{E I GowinSynthesis®3Z ¥, H. Verilog language
1% F¢ system Verilog. LA read-before-write. bypass. [d & i [¥) DPB
MBI AL, Hegmhd e T R s

module normal(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'nh7,4'h8};

SUG949-1.4 18(78)




4 BSRAM #ifid#ii

4.1 DPB/DPX9B

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)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)begin
data_outb <= mem[addrb];
end
end
end

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

SUGY949-1.4
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4 BSRAM #ifid#ii 4.1 DPB/DPX9B

end
endmodule

4.1.4 readmemb/readmemh 75 R#){E

readmemb/ readmemh 77 ARAE AE AT A N FRiE RSB S, E LA
‘TVENERIE T BR ST . LA read-before-write. bypass. [F: B MR ) DPB Jy
WIS, Hgwmbs T nT W pros:

module normal(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];

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)begin
data_outa <= mem[addra];
end
end
end

always @(posedge clka)begin
if (cea & wrea) begin
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4 BSRAM #ifid#ii 4.1 DPB/DPX9B

mem[addra] <= data_ina;
end
end

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

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

dpb.mi HE 1T Fs:
0001
0010
0011
0100
0101
0110
0111
1000
V!
WIER LA windows RS SCHEIERAT /M RRAT 7, FREINE T, W E:\\dpb.mi.
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4 BSRAM #ifid#ii

4.2 SP/SPX9

4.2 SP/SPX9

SP/SPX9 171# 25 [f] A 16K bit/18K bit, FL T/EA M B i, h—
AN B ) B 1S S A, AT SR 2 MK (bypass B0 pipeline
B A1 3 FPERR (normal iz, write-through 13X Hl1 read-before-write
B . £igEa it SPISPX9, memory (BRIAI A7 a0 i 2 2 /i 2

TRFMZ
1.

2.

Hd A7 78 * Mk R 1 >=1024

f# [ syn_ramstyle = "block_ram".

AT LA LR R4 5T register. AR 1 HL & 10 HEAT SE LU R o
4.2.1 ERIL 25T register
Bk 2850 register i, AN SRRz register To a5 S 42 M B,

R 2454 H write-through Kisf SP. BLH A2 register Al A
ST, HIRAD IR AT R R

module normal(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_reqg];
endmodule

4.2.2 {FEHBIE AR 25T Register, HitH4iT Register

SUGY949-1.4

BeHb A2 T register B, iy A Z0ZE T register,

23t —2% register Ff
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4 BSRAM #ifid#ii 4.2 SP/SPX9

y bypass ;4L Pk register I N pipeline #3{. Ll write-through.
bypass. [FI AT SPXO MBI AILSLEL, gt =nl Wik frs:

module wt(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 & lwre)begin
data_out <= meml[addr];
end
end
end
end
always @(posedge clk)begin
if (ce & wre)begin
mem[addr] <= data_in;
end
end
endmodule

4.2.3 memory E X FIIR#¥{E

memory & XN IRA{E 7 Verilog language %% system Verilog. Ll
read-before-write. bypass. [FIPREAMALAN SP NI/ AL, Homhd
AT 0N Fros

module rbw(data_out, data_in, addr, clk,ce, wre,rst) /*synthesis
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4 BSRAM #ifid#ii 4.2 SP/SPX9

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'n0123,16'h4567,16'h89ab, 16'hcdef,
16'h0147,16'h0258,16'h789a,16'h5678);

reg [15:0] data_out=16'h0000;
always@(posedge clk )begin
if(rst)begin
data_out <= 0;
end
else begin
if(ce)begin
data_out <= mem[addr];
end
end
end
always @(posedge clk)begin
if (ce & wre)begin
mem[addr] <= data_in;
end
end
endmodule

4.2.4 readmemb/readmemh 75\ E#){E

readmemb/ readmemh 75 R (E A I fF 2B AENPE, EUTERN
B 42488 FF. LA normal. pipeline. [Fl5 S AEIR 1 SP I A 2 H S,
Hmm X nl i s

module normal(data_out, data_in, addr, clk, ce, oce, wre,
rst)/*synthesis 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;
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4 BSRAM #ifid#ii

4.2 SP/SPX9

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;
end
end
endmodule

sp.mi F 5T

SUGY949-1.4
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4 BSRAM #ifid#ii

4.2 SP/SPX9

12
34
56
78
Oa
bc
de
ff

4.2.5 BT FHRER

SUGY949-1.4

el a7 e & i SPISPXQ il /e LA F &tz —:

memory ¥R EE>=5 H memory R E* 53R %>256, H memory JX =2
B n X TJ7+1;

whnjE 23 syn_sristyle= "block_ram", H. memory i&%=2 [ n IXJ7
+1, HA memory I£E>=5.

LA read-before-write .bypass. [F]F E A5 1) SPX9 ol /- 43 H 5L,

H g1 AT s

module p_segshift(clk, we, din, dout);
parameter width=18;

parameter depth=17;

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
regBank[depth-1:1] <= regBank[depth-2:0];
regBank[0] <= din;
end
end

assign dout = regBank[depth-1];

endmodule
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4 BSRAM #ifid#ii 4.2 SP/SPX9

4.2.6 Decoder FER\,

LA read-before-write. bypass. [F2E 150 SP A/ 4R 528,
Hegmtd T AT 4 R fros

module top (data_out, data_in, addr, clk,wre,rst)/*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]addr;

input clk,wre,rst;

reg [15:0] memO=initO;
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];
memZ2[addr] <= data_in[2];
mem3[addr] <= data_in[3];
end
end
always @(posedge clk)begin
if(rst)begin
data_out<=16'h00;
end
else begin

data_out[0] <= memO[addr];
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4 BSRAM #ifid#ii 4.3 SDPB/SDPX9B

data_out[1] <= mem1[addr];
data_out[2] <= memZ2[addr];
data_out[3] <= mem3[addr];
end
end
endmodule

4.3 SDPB/SDPX9B

SDPB/SDPX9B 77 fit %14 51l 3 16K bit/18K bit, T {2t Wi 11
LR, 775 4% 2 60 5 bypass Hi st pipeline 21 1 45 1t normal
i), #Lit it SDPB/SDPX9B, memory (BRFSfr2if7aiital) Fimie T
R L
1. R 58 Hhhk R B >=1024;

2. {#H] syn_ramstyle = "block_ram".
4.3.1 memory Fo¥ME

VL bypass. [F25E A SDPB BN AHS2H, Hgmfd w2 nrn
THiR:

module normal(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
mem[ada] <= din;
end
end

always@(posedge clkb)begin
if(resetb)begin
dout <= 0;
end
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4 BSRAM #ifid#ii 4.3 SDPB/SDPX9B

else if(ceb)begin
dout <= mem[adb];
end
end

endmodule

4.3.2 memory E X BT IR#){E

L pipeline. S5 &R 1) SDPB NN AH R, Hamimk
CIR RNV

module normal(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;

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
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4 BSRAM #ifid#ii 4.3 SDPB/SDPX9B

if(rstb)begin
data_out <= 0;
end
else if(oce)begin
data_out<= data_out_reg;
end
end
endmodule

4.3.3 readmemb/readmemh 75\ E#){E

readmemb/ readmemh 77 TUBE £ S T B TR BB ARBE, 5 A
‘TYENERIZ D BETT. LA bypass. F 2B AR NH SDPB M /28 Hseil, H
mi T an R s

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

output reg[7:0]dout=8'h00;
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

always@(posedge clkb or posedge resetb)begin
if(resetb)begin
dout <= 0;
end
else if(ceb)begin
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4 BSRAM #ifid#ii 4.3 SDPB/SDPX9B

dout <= meml[adb];
end
end

endmodule

sdpb.mi PBE# T
12

34

56

78

9a

bc

de

ff

4.3.4 B FFESRER

R 7 A7 a e i & BSRAM 75 & Fid &2 —:
1. memory RJE>=5 H memory R E*H#E 7 5>256, H memory %! =2
B n X5 +1;
2. WINEMEZIR syn_sristyle="block_ram", H memory & ! =2 ffj n X
J7+1, memory VR E>=5,
LA bypass. [ E M) SDPX9OB A4AH sz, Hgmid i~
P
module p_segshift(clk, we, din, dout);
parameter width=18;
parameter depth=16;
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
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4 BSRAM #ifid#ii 4.3 SDPB/SDPX9B

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

assign dout = regBank[depth-1];
endmodule

4.3.5 ARTFRAER

KRR 2241 SDPB. Ll bypass. [[@:5E A ) SDPB A/
RSP, HmAL AT R AT s

module normal(dout, din, ada, clka, cea, adb, clkb, ceb, rstb,oce);
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,oce;

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

localparam b = 2**adawidth/2**adbwidth ;

integer j ;

always @(posedge clka)begin
if (cea)begin
mem[ada] <= din;
end
end
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4 BSRAM #ifid#ii 4.3 SDPB/SDPX9B

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

4.3.6 Decoder £\

L bypass. R E AR 1 SDPB NI/ AL, Hgmfd ]
THR:

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] memO=init0;
reg [15:0] mem1=init1;
reg [15:0] mem2=init2;
reg [15:0] mem3=init3;
always @(posedge clk)begin
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4 BSRAM #ifid#ii 4.4 pPROM/pROMX9

if (wre) begin
mem0O[wad] <= data_in[0];
mem1[wad] <= data_in[1];
mem2[wad] <= data_in[2];
mem3[wad] <= data_in[3];
end
end
always @(posedge clk)begin
if(rst)begin
data_out<=16'h00;
end
else begin
data_out[0] <= memO[rad];
data_out[1] <= mem1[rad];
data_out[2] <= mem2[rad];
data_out[3] <= mem3[rad];
end
end
endmodule

4.4 pROM/pROMX9

PROM/pROMX9(16K/18K Block ROM), 16K/18K Huik Hisfkrise. 3
LA AN R, AI sy 2 M (bypass #i:0A1 pipeline #:30).
pROM/pROMX9 HJI{E /7 L F case i&+]. readmemb/readmemh. memory
E N ITIRES T RE. #2545 H pROM, FZR/DWE Nd &tz —:

1. HARAL S MR E>=1024, HhhbyREE>32

2. f#H syn_romstyle = "block_rom"

4.4.1 case FEAIRFE
DL bypass. [FIZZE ALK pROM A A HSLEL, Hymtd i =0n] an
THiR:

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

input clk;
input rst,ce;

input [4:0] addr;
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4 BSRAM #ifid#ii 4.4 pPROM/pROMX9

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'n03: 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;
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'h0f: dout <= 32'hba17fce1;
5'h10: dout <= 32'hd4dec5de;
5'h11: dout <= 32'ha18ad699;
5'h12: dout <= 32'h4a734008;
5'h13: dout <= 32'h5c32acOe;
5'h14: dout <= 32'h8f26bdd4;
5'h15: dout <= 32'hb8d4aab6;
5'h16: dout <= 32'hf55e3c77;
5'h17: dout <= 32'h41a5d418;
5'h18: dout <= 32'hba172648;
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4 BSRAM #ifid#ii 4.4 pPROM/pROMX9

5'n19: dout <= 32'h5¢c651d69;
5'h1a: dout <= 32'h445469c3;
5'h1b: dout <= 32'h2e49668Db;
5'h1c: dout <= 32'hdc1aa05b;
5'h1d: dout <= 32'hcebfe4cd;
5'h1e: dout <= 32'h1e1f0f1e;
5'h1f: dout <= 32'h86fd31ef;
default: dout <= 32'h8e9008a6;
endcase
end
end
end
endmodule

4.4.2 memory E X FRIR{1{E

memory & X IR Y]{E 75 Verilog language %% system Verilog. LA
bypass. [FIZEZ ALK pROM Jy B/ EHSEIE A, Hgmfd e mT anT pr
TN

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

input clk;

input rst;

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'n7,4'h8,4'nh9,4'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 <= mem[addr];;

end

end
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4 BSRAM #ifid#ii 4.4 pPROM/pROMX9

endmodule

4.4.3 readmemb/readmemh 75 R #]{E

readmemb/ readmemh 75 sURE 7E HEAT (6 IR 0 S Eg A2 155, 15 LA
TYENERAZ T REAT . LA pipeline. 5 B AL ) pROM i/ 41 H 2B,
Hegmd e :CrT a0 s pross:

module rom_inference ( clk, addr, rst,oce,data_out);
input clk;
input rst,oce;
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

always @(posedge clk or posedge rst)begin
if(rst)begin
data_out <=0;
end
else begin
data_out <= data_out_reg;
end
end
endmodule
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4 BSRAM #ifid#ii 4.4 pPROM/pROMX9

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

SUG949-1.4 38(78)




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 2571414 RAM16S1. RAM16S2. RAM16S4, H X FE T i
HAZ T8 %5 . RAM16S 2R AT LR A Decoder. Memory. #0727 17 45 5 1
RiFATHE, HEaH RAM16S, memory (R 2788 T LA
N HEH A AN KA
1. sEHbhERIH AL register;

2. K&l register, HuhEIRFE*BHE AL % <1024;

3. ffJE 4R syn_ramstyle="distributed_ram".
5.1.1 Decoder FEX\

PL RAM16S4 i, /-4 Decoder & 3 [ S BL, Hogm b 22X mT 0 F Fiios :
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;

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

always @(posedge clk)begin
if (wre) begin
memO[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

5.1.2 Memory £\

memory J& X i HRIEHIE T X7~ memory EHMETE . memory & X
i It )8 PL & readmemh/readmemb £, memory & SIS TR AIE L K&
readmemh/readmemb £ Ri& £ % 4.1.4 readmemb/readmemh J5 2K ,

ATAEER .
LA RAM16S4 %1, 4243 memory JCAMEIEAHISEIL, Hdw i 2 mT 4n
FHIR:

module normal(data_out, data_in, addr, clk, wre);
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
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5 SSRAM Zmig#lia 5.1 RAM16S 2%

end
assign data_out = mem[addr];

endmodule

5.1.3 B FFERER

i B LA 22—

1. memory >3 H 8<memory ¥ * 5 {7 % <=256, H memory %
fE=2 ) n K7

2. W@ 4% syn_sristyle= "distributed_ram", H memory i =2
) n Y77, memory IAE>3 H memory VR #5147 55 >8 .

PL GowinSynthesis £: 4 1 RAM16S4 Nfi|, /R hr %517 28 A K52

W, HgabdZ2mTan T B

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
regBank[depth-1:1] <= regBank[depth-2:0];
regBank[0] <= din;
end
end

assign dout = regBank[depth-1];
endmodule
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5.2 RAM16SDP 2£#!

RAM16SDP 57414 RAM16SDP1. RAM16SDP2. RAM16SDP4,
LX) AE T A 96 95 . RAM16SDP A7) LK ] Decoder. Memory.
B i St T BE, #4546 H RAM16SDP, memory (BRFEALZF 1
AR T2 LA Hor— AN 5 A
1. seHbhbA g A2 register;

2. drihhkEis 4 register, HbEIR E*EEAL TR <1024,
3. ffJE 4R syn_ramstyle="distributed_ram".

5.2.1 Decoder FER,

LA RAM16SDP4 Mfil, 448 Decoder JEAUMSEIL, Hgmbd B UrTan
B

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

always @(posedge clk)begin
if (wre) begin
memO[wad] <= data_in[0];
mem1[wad] <= data_in[1];
mem2[wad] <= data_in[2];
mem3[wad] <= data_in[3];
end
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5.2 RAM16SDP !

end

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

5.2.2 Memory 43

SUGY949-1.4

memory J& X i iR IEVIE T 7~ memory EHMETE .. memory & X
i It )8 LA & readmemh/readmemb £, memory & SIS TRAIE DL K&
readmemh/readmemb £ Ri%E 2% 4.1.4 readmemb/readmemh J7 RIRWIHE

AR
PL RAM16SDP4 7|, /44 Memory R A28, Hgmid 2 aT an T i

7N

module normal(data_out, data_in, addra, clk, wre, addrb);

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

input [3:0] addra ,addrb;
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
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5.2.3 B FHFHRLN

FENL Z A7 a o5 B N RAMA6SDP 258, FEiii e L N4kt 2 —:

1.memory ¥ £>3 H memory ¥R B * 8 A %5 <=256, H memory Jf%!1=2

H)n X7

2. B ML H syn_sristyle= " distributed_ram", H. memory X% 1=2

f¥) n Y77, memory I >3 H. memory VA * #5755 >8.

L GowinSynthesis 24 RAM16SDP4 Jyfil, /484 %17 e T 2
SEP,  H A 2URTan T s

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
regBank[depth-1:1] <= regBank[depth-2:0];
regBank[0] <= din;
end

end

assign dout = regBank[depth-1];
endmodule
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5.3 ROM16

ROM16 e tisibiR oy 16, HHafr % 1 B R EAF s, s g
I INIT #H47014610, ROM16 7] LR H Memory. Decoder 457 04T 1
5, ROM16 MZx& R Zi g 421K syn_romstyle ="distributed_rom".

5.3.1 Decoder FER\,

module test (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'h8: 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;
4'he: dataout <= 1'h0;
4'nhf: dataout <= 1'h0;
default: dataout <= 1'h0;
endcase
end
endmodule

5.3.2 Memory 3\

memory R AR IEWIEE 4 memory EHIMEE . memory & X
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5 SSRAM Z it 5.3 ROM16

I I 418 A &2 readmemh/readmemb 3. memory i€ S IR AI{E PA A%
readmemh/readmemb G S% 4.1.4, KTTAHEIR,

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] memO0=init0;
always @(*)begin
dataout <= memO[addr];
end
endmodule
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6 DSP Zwfid#ivu[1] 6.1 Pre-adder

6 DSP g Ry

FE!
[1]Arora V 7=y DSP 4t i 2: W25 7 % _Arora V DSP 4whd#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 TiMIheE

Lizeid AREG. BREG. [A2E B A5 PADD9-MULTOX9 Jyfil /43
PADD FiinThae s, H g EaXmTan Tk B

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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6 DSP Zwfid#ivu[1] 6.1 Pre-adder

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
end
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6 DSP Zwfid#ivu[1] 6.1 Pre-adder

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

6.1.2 TR TN &E

ik AREG. BREG. [F2F E A5 PADD9-MULTIX9 Jyfil /14
PADD Fily L e i SEIL, gt 2Um an ks s

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;

always @(posedge clk)begin
if(rst)begin
a0 _reg <=0;
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6 DSP Zwfid#ivu[1] 6.1 Pre-adder

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
end
always @(posedge clk)
begin
if(rst)begin
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6 DSP Zwfid#ivu[1] 6.1 Pre-adder

s _reg <=0;
end else begin
if(ce) begin
S_reg <= pipe_reg;
end
end
end

assign dout = s_reg;

endmodule

6.1.3 BLINEE

PADD 47 ThRERISEBL,  Hgmbd iz 2UmT an s pros:
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, af;
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] b0_reg=18'nh00000;
reg [b_width-1:0] b1_reg=18'h00000;
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;

SUGY949-1.4
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6 DSP Zwfdi[1]

6.2 Multiplier

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
assign b0_padd = bX1 + b1_reg;
assign b1_padd= b0 _reg + bY1;

assign p0 = a0 * b0_padd;
assign p1 =a1t1 * b1 _padd;

endmodule

6.2 Multiplier
Multiplier /& DSP [{i3feikas .70, Ffeikas M A\ 15 5 & Ly MDIA

SUGY949-1.4

1 MDIB, % HE 5% X MOUT, mlsciigeikiz®E:. DOUT=A*B.

Multiplier AR H0dE A7 5% AT lic B R 9x9, 18x18, 36x36 Ziafeikas, 437l

module top(a,b,c,clock,reset,ce);
input signed [17:0] a;

input signed [17:0] b;

input clock;

input reset;

input ce;

output signed [35:0] c;

reg signed [17:0] ina=18'h00000;

XF B R E MULT9X9, MULT18X18, MULT36X36. LiZit AREG. BREG.
OUT_REG. PIPE_REG. R E AR MULT18X18 il /- 28 H 52,
Hogwmpd % T a0 R s
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6.2 Multiplier

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

reg signed [35:0] pp_reg=36'n000000000;
reg signed [35:0] out_reg=36'nh000000000;
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
out_reg<=0;
end else begin
if(ce)begin
out_reg<=pp_reg;
end
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6 DSP Zwfdi[1] 6.3 ALU54D

end
end
assign c=out_reg;
endmodule

6.3 ALU54D

ALU54D (54-bit Arithmetic Logic Unit) +& 54 (i ARIZHHIT, Ll
54 i I E AR IG5 45 o ALUSAD, B35 47 % width 75 7E[48,54] (X ],
BN FHRMBELIH syn_dspstyle="dsp". LI£ ik AREG.BREG.OUT_REG.
Fb SRR ALUSAD N 2EH S0, Hgmbd T a0~ pros

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 <=Db;
end
end
end
always @(posedge clk)
begin
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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

6.4 MULTALU

MULTALU # S —  Ffeikds i 4808 54-bit ALU 25, B4
MULTALU36X18 1 MULTALU18X18, 1 MULTALU18X18 1X 3 #5541k,
2. MULTALU36X18 5 =FlizH ThRE: DOUT=A*BxC. DOUT=5 (A*B).
DOUT=A*B+CASI.

6.4.1 A*B+C ThgE

LiZit AREG. BREG. CREG. PIPE_REG. OUT_REG. ¥ HEAfr
50 MULTALU36X18 /22 DOUT=A*B+C ThALHI=2Hl, 4w mr iy
THIR:

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;
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6.4 MULTALU

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'nh00000000000000;
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
p0_reg <= 0;
00 _reg <= 0;
end else begin
if(ce)begin
pO_reg <= p0;
00 _reg <= p0_reg+c_reg;
end
end
end
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6.4 MULTALU

assign s = 00 _reg;
endmodule

6.4.2 Y (A*B)ThEE

L3t PIPE_REG. OUT_REG. & E (i) MULTALU36X18 /i

24 DOUT=3 (A*B)ZhRERISZEL, HgmBialrin R k.
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
end
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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

6.4.3 A*B+CASI IhgE

PIlZid PIPE_REG. OUT_REG. =& E (i) MULTALU36X18 /i
21 DOUT=A*B+CASI Zhfe L, HgafdEmT i~ prs:

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'h00000000000000;
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'nh00000000000000;

assign p0 = a0 * b0;
assign p1=a1t * b1,
assign p2 = a2 * b2;
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6.4 MULTALU

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;
p2_reg <= p2;
00_reg <= p0_reg;
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;
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end else begin
if(ce)begin
s1_reg <=s1,;
end
end
end
assign s=s1_reg;
endmodule

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*B0tA1*B1+C IhgE

PLz itk AOREG.ATREG.BOREG.B1REG.PIPEO_REG.PIPE1_REG.
OUT_REG. H#HE M= MULTADDALU18X18 /4 DOUT= A0*BO +
A1*B1+C ZhREMISEDL, HAifdIE s rT 4~ s

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] bO;

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] p0, p1, p;

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

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

reg signed [b0_width-1:0] bO_reg=18'nh00000;
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reg signed [b1_width-1:0] b1_reg=18'h00000;

reg signed [s_width-1:0] pO_reg=54'nh00000000000000;
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 = al_reg*b1_reg;

always @(posedge clock)begin
if(reset)begin
p0_reg <= 0;
p1_reg <= 0;
end
else begin
if(ce)begin
pO_reg <= pO;
p1_reg <= p1;
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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

6.5.2 Y (A0*B0+A1*B1)IhEE

Ll£:5t PIPEO._REG. PIPE1_REG. OUT REG. 3B fkizy
MULTADDALU18X18 4148 DOUT= 3 (A0*BO+A1*B1)TH AL M5B, H4mA K
AT Frs:

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] p0, p1;

reg unsigned [s_width-1:0] pO_reg=54'h00000000000000;
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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
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_regq;
end
end
endmodule
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6.5.3 A0*B0xA1*B1+CASI IhkE

L% 3f PIPEO_REG. PIPE1_REG. OUT_REG. % ik
MULTADDALU18X18 441 DOUT= A0*BO+A1*B1+CASI JIRENIZEL, H
ATk s

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, s0, s1;
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] 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'n00000;
reg signed [a_width-1:0] bO_reg=18'h00000;
reg signed [a_width-1:0] b1_reg=18'n00000;
reg signed [a_width-1:0] b2_reg=18'h00000;
reg signed [a_width-1:0] b3_reg=18'n00000;
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;
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b2_reg <= 0;
b3 reg <=0;
end else begin
if(ce)begin
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
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end
end

assign sO = p0_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 - 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
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7 Arora V DSP w53 yE

Arora V DSP (Digital Signal Processing) ¥ 75543, I LLsZHRk
P Tom. B, BALEThRE, M4 DSPH 2 MALH clock BHEHME S . 2
ANPRALH ce fFRES 5. 2 ANLLAY reset BAM5E 5

7.1 FRANIHRE

Arora V DSP AT LLSEIL 26 LA BE B4 7F5 BUINERAE,  SCRF s ik
AR ShAIBERIE UL FD 3 b B AR S . AR L 58 AR AN R AT AT
MULTALU27X18 Fil MULT27X36 - TIN5 75 5 SRk 15 A EAHEC & 74 R HE T
Ko

7.1.1 ESTUMRIhEE

LA MULTALU27X18 B R A IR D RE RO SE L, Hegm i = mT 4
R

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
7.1.2 Bh7STRMRThEE
PL MULTALU27X18 NI Bsh A TS sE IS,  Hgmtd = mT an
AR

module top(clk,ce,reset,a,b,d,psel,out);
input signed[15:0]a;

input signed[15:0]b;
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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;
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

A
7.2 F;EINEE
Arora V DSP 7] PASEHL 27X36 L A 56 KA 7 5 e A, ARIEHL 7 A
[5)A] PAFEWT A MULTALU27X18 .MULT12X12.MULT27X36. L1 it AREG.
BREG. PIPE_REG. OUT _REG. &M A MULTALU27X18 Al
ARSI, YRS AR a0 R s

module top(a,b,clk,ce,rst,out);
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input signed[26:0]a;
input signed[17:0]b;
input [1:0]clk,ce,rst;
output signed[34:0]out;
reg signed[26:0]a_reg;
reg signed[17:0]b_reg;
reg signed[34:0]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
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
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if(ce[1])begin
out_reg<=pp_reg;
end
end

end

assign out=out_reg;
endmodule

7.3 FEMINGE
Arora V DSP m] DLs2H)l 27X18 DL M 5E A fF 5 e, SCFdSn
T EEAE < BASBTINIRERE LA [F20 30 B A . Je i Th Be AR P 4L % 1Y
ANTE AT DAAE Ty MULTALU27X18 1 MULTADDALU12X12.

7.3.1 7S Th g

PLER S TN I BE R MULTADDALU12X12 A/ 28 58 25 IR Sh B FH S2 8L,
Hegwtd 1 2T an s pros

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
7.3.2 BhZAS IR ThBE

Pltit AREG. BREG. CREG. PREG. OREG. [fbEAMHA M)
AFINTIHER MULTALU27X18 A1 A Zh A MR D e SE B, Hogm i e 2
AU B

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

input[1:0] addsub;
output signed[47:0]out;
reg signed[11:0]a_reg;
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

SUGY949-1.4
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end
always@(posedge clk[1])begin
if (rst[1])begin
out_reg<=0;
end
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

7.4 RNTHRE

Arora V DSP ] PASZHL 27X18 DL AL TE A 75 BInEdE, FFfrsR

InEeE . 207 BInEAE L ED b B A AE . B ThaEAR 847 58 B A [F]
Al LAFERT A MULTALU27X18 A1 MULTADDALU12X12.
7.4.1 BASRINTHhEE
LIt OREG. [AEE MR MULTALU27X18 A E# 4 B hnth

RERISEIL, Hgmbd iz sUnT a0 s pros:
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]Jout_reg;

wire signed[44:0]s_sel;
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wire signed[44:0]moult;

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
7.4.2 Bh7ASE MIheE

B B BhA BMTHRERI LI,  Hgmd 2 rTan T Bk
module top(a,b,clk,ce,rst,accsel,out);
parameter PRE_LOAD = 48'h000000000012;

SUGY949-1.4
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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
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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

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
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7.5 RELIhEE
Arora V DSP ] PLSEHL 27X18 DL N 5E KA 1575 e, CFrd e
YERJFEiEES MULTALU27X18 #1 MULTADDALU12X12,

7.5.1 7SR ERThRE
PL 2 4~ MULTADDALU12X12 B NN AR SR EETHRE RS2, Hm
R AT 80 F s

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
7.5.2 BhASRERTNEE
PL 2 A~ MULTALU27X18 I N B/ A sh AR ERDIRE I SEIL, Hawid e
AT Frs:

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;
reg signed[widthb-1:0]b_reg,b1 _reg;
reg signed[widthout-1:0]p0_reg,p1_reg;

always@(posedge clk[0])begin
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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
if(rst[1])begin
out <= 0;
end
else begin
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if(ce[1])begin
out <=sel ? p0_reg + p1_reg : p1_reg;
end
end
end
endmodule

7.6 BALThEE

Arora V DSP 7] BASKHL 27X18 LL R KL (745 4 5 B bl , SCHFRS (ki
EMI I 1EA MULTALU27X18.

LI a &1L P2 register ABIBREALThRERI S, Hgmhd i X nT n
MR

module top(a, dO, 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;
a_reg1 <=0;
a_reg2 <= 0;
d0_reg <= 0;
d1_reg <= 0;
end else begin
if(ce)begin
a_reg0 <= a;
a_reg1 <=a_req0;
a_reg2 <= a_reg1,
d0_reg <=d0;
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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
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