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ABSTRACT

Nowadays, Artificial Intelligence Technology and Neural Network are interesting
because it can break the limitation of the processing time and decision of human.
However, Artificial Neural Networks (ANNs) are complex processing structures and high
energy consumption which cannot implement on Embedded systems easily. In this
project, we develop the processing unit structures of ANNs which are flexible, high
performance, yet suitable for Embedded systems. The structure consists of processing
nodes which can be programmed for various applications and fast computation. It
comprises 4 parallel processing units working in pipeline fashion. The processing format
is 16-bit fixed point which supports various node settings such as input node up to 800
nodes, hidden node up to 32 nodes and output node up to 32 nodes. Weight data
and others are stored in 2 memories with the size of 57344 bytes. In addition, the
processing units were tested with Digits handwriting databases from MNIST to examine
the accuracy of circuit on both logic simulation platform and emulator on the Xilinx
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FPGA TUsunsu
Tnua Seuf | wedeu | Anwgndas | Seui | wedeu | aanugndas
(clk) (clk) (%) (clk) (clk) (%)
784:16:10 | 6,454 3,198 92.86 304,597 | 116,276 92.98
784 :24:10 | 9,669 4,794 94.62 453,463 | 172,370 94.45
f84:32:10 | 12873 | 6,386 95,21 602,327 | 228,470 95.42

4.2 szznAUIUnga lun1sAILIMYBI993

< [ oy o 1 = a
WNS ﬂ'E]‘REWL’Jﬁ']ﬂ’ﬁ'Vl’lQ?U‘U@QQQQ?W‘UW“QWﬂBU%&ﬂQ £U

&

o

£

WuRnIgnanly sl

2 < v & ar a o v
Hanunuigefie 10ns + 3.052ns = 13.052ns failumnuiwedyauniinigeanivile

fla 76.6MHz

Design Timing Summary

Setup

Worst Negative Slack (WNS): -3.052 ns
Total Negative Slack (TNS):  -660.575 ns

Number of Failing Endpoints; 369
Total Number of Endpoints: 5671

Timing constraints are not met.

€a

=D

Hold

Worst Hold Slack (WHS):
Total Hold Slack (THS):

Total Number of Endpoints:

0.050 ns
0.000 ns
Number of Failing Endpoints: 0

5671

Pulse Width
Worst Pulse Width Slack (WPWS): 4.500 ns
Total Pulse Width Negative Slack (TPWS): 0.000 ns
Number of Failing Endpoints: 0
Total Number of Endpoints: 1756
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a Y =
4.3 Ysuraunswensnitlasuszuo

1. Slice Logic

e Fmm———— = o —— o ———— +
| Site Type | Used | Fixed | Available | Util% |
e o ———— tom———— Fmmm——————— o ————— +
| S8lice LUTs* | 3039 | 0 | 20800 | 14.61 |
I LUT as Logic | 3039 | 0| 20800 | 14.61 |
| LUT as Memory | 0| 0 | 9600 | 0.00 |
| Slice Registers | 1686 | 0 | 41600 | 4.05 |
| Register as Flip Flop | 1686 | 0 | 41600 | 4.05 |
| Register as Latch | 0 | 0 | 41600 | 0.00 |
| F7 Muxes | 32 1 0| 16300 | 0.20 |
| F8 Muxes | 0| 0 | 8150 | 0.00 |
o e e +—m——— Fomm——— tom Fm————— -

JUN 30 niwensnldau

B ' FGPA Board Control System

Test image . voun ¥ e

>> UART Write : Group 0
Addr : 131072 , Num

>> UART Write Completed

>> UART Write : Group 1

b - — Addr : 182272 , Num

»> UART Write Completed

>> UART Write : Group 2
Addr : 184320 , Num :

This image is 2 >> UART Write Completed

>> UART Write : Group 3
Addr : 184384 , Num

>> UART Write Completed

COM Port >> File C:/Users/JAY/Desktop/Py_uart_2/setnode.txt Selected
2> Group : 0
Port COM4 v Addr : 8
Num : 8
>> UART Write : Group 0
Baud rate 115200 v Addr : 8 , Num : 8

»>> UART Write Completed
>> UART Write : Send Input Image via COM Port

Search Disconnect v >> UART Write Completed
Starting Addresio Number of Byte/4 ® write
) Read
File C:/Users/JAY/Desktop/Py_uart_2/setnode. bt Select
[] Read to File
Close App Exec

sUfi 31 nagaulaglddayaain MNIST
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TOP Neural Network
module Top_NN(
i_CLK,
i_RSTn,
i_ADDR_READ,
i_ADDR_WRITE,
i_DATA_WRITE,

i_ EN_WRITE,
o_done,
o_DATA_READ,
o_OUTPUT_NODE,

lcd_done,
led_mode

%

input i CLK;
input i_RSTn;

input  [14:0] i_ADDR_READ;
input  [14:0] i_ADDR_WRITE;
input  [63:0] i_DATA_WRITE;
input i_EN_WRITE;
output [63:0] o DATA_READ;
output o_done;

output [5:01 o OUTPUT_NODE;
output lcd_done;

output lcd_mode;

reg  [63:0] o DATA_READ;

reg  [3:0] r_cycle;

wire w_load_RAM_Result;
wire  [12:0) w_Addr RAM_input;
wire  [12:0] w_Addr RAM_W_B;

wire w_load_BIAS;
wire w_start_pulse;
wire w_en_SYS;

wire  [7:0] w_n_replay;

wire  [12:0] w_Addr_RAM_Result;
wire  [63:0] w_Data_RAM_Result;
wire  [63:0] w_o_RAM_0;

wire  [63:01 w_o_RAM_1;

wire  [63:0] w_OP1;

wire  [63:0] w_OP2;

wire  [63:0] w_OP3;

wire  [127:01 w_ANS_STATE_On1;
wire  [31:0] w_ANS_dot;

wire w_load_data_0;

wire  [15:0] w_Sigmoid_Result;
wire  [15:0] w_Pre_Diff_Sigmoid;
wire  [15:0] w_Delta;

wire w_load_data_1;

wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire

wire

[15:01 w_REG2_to WRITE_BACK;

[63:0] w_WB_Data_RAML;

(12:0] w_WB_Addr_RAMI;
w_WB_Wen_RAMT;
w_Activate_target;
w_done;

[9:0] w_INPUTnode;

[5:0] w_HIDDENnode;

[5:0] w_OUTPUTnode;

[7:0] w_inputDIva;

[3:01 w_hiddenDIv4;

[3:0] w_outputDIV4;

[4:0] w_numberHIDDEN;

[4:0] w_numberOUTPUT;

(4:0] w_dont_round_DIV4_output;

[11:0] w_eta;

[7:01 w_cycle;
w_EN_WRITE_RAMO;
w_EN_WRITE_RAMI;
w_EN_SETUPNODE;
w_EN_START;
w_EN_READ_RAMO;
w_EN_READ_RAMT;
w_EN_READ_RAM2;

[1:0] w_MODE;

[1:0] w_select_out;

[3:0] w_State;
w_New_Cycle;
w_NEXT_Layer;
W_en_process;

[4:0] w_posi;

[12:0] w_ADDR_TEMP_CA;

[12:0] mux_addr_read 0;

[12:0] mux_addr_write_0;

[63:0] mux_data_write_0;
mux_en_write_0;

[12:0] mux_addr_read_1;

[12:0] mux_addr_write_1;

[63:0] mux_data_write_1;
mux_en_write_1;

[63:0] w_RAMZ DATA_INZ;

[12:0] w_RAM2_ADDR_IN2;
w_RAMZ_EN_WRITEZ;

[63:0] w_RAM2_DATA_OUT;

[12:0] mux_r_addr;

[63:0] w_Result_cycle_2up;
w_loadZreg;

[63:0 w_TEMP_DATA;



wire o_done; numMberOUTPUT (w_numberOQUTPUT), //9
wire w_start_delay0; dont_round_DIV4_output  (w_dont_round_DIV4_output),
wire  [5:0] o OUTPUT_NODE; /71

wire lcd_done; eta (w_eta),

wire  [12:0] check_addr_read; cycle (w_cycle)

assign check_addr_read = i_ADDR_READ([12:0]; )

Vi State 0 Counter_Addr Counter_Addr(

always @(posedge i_CLK or negedge i_RSTn) i CLK (i_CLK),

begin Ji_RSTn (i_RSTn),

if(~i_RSTn) i NEXT_LAYER (w_NEXT Layer),

r_cycle <= 0; Ji_EN_START (w_EN_START),

else if (r_cycle==w_cycle&&w_done==1) J_inputDIva (w_inputDIva),

r_cycle <= (; Ji_hiddenDIV4 (w_hiddenDIVd),

else if (w_done) .i_outputDIV4 (w_outputDIVa),

r_cycle <=r_cycle + 1; Ji_numberHIDDEN (w_numberHIDDEN),

end J_numberOUTPUT (w_numberOUTPUT),

Decoder_NN Decoder_NN( Ji_dont_round_DIV4_output (w_dont_round_DIV4_output),

J_CLK (i_CLK), Ji_numberCYCLE (w_cycle),

i RSTn (i RSTn), 1_MODE (w_MODE),

Ji_EN_WRITE (i_EN_WRITE), i DONE (w_done),

i_DATA_WRITE (i_DATA_WRITE), J_CYCLE (r_cycle),

.i_ADDR_WRITE (i_ADDR_WRITE), 0_ADDR_INPUT_RAM (w_Addr_RAM_input),
i _ADDR_READ (i_ADDR_READ), .0_ADDR_WnB_RAM (w_Addr_RAM_W_B),
i_DONE (w_done), ©0_ADDR_TEMP (w_ADDR_TEMP_CA),
.0_EN_SETUPNODE (w_EN_SETUPNQODE), .0_LOADBIAS (w_load_BIAS),

.0_EN_START (w_EN_START), (0 _STARTPULSE (w_start_pulse),
.0_EN_WRITE_RAMO (w_EN_WRITE_RAMO), (©_EN_SYSTEM (w_en_5Ys),

.o EN_WRITE_RAM1 (w_EN_WRITE_RAM1), .0_NUMBER_REPLAY (w_n_replay),
.0 EN_READ_RAMO (w_EN_READ_RAMO), 0_STATE (w_State),
.0_EN_READ RAM1 (w_EN_READ_RAM1), 0 NEW _STATE (w_New_Cycle),

(0_EN_READ_RAM?2

(w_EN_READ_RAM2),

0 ACTIVE_TARGET

(w_Activate_target),

.0_MODE (w_MODE), .0_EN_PROCESS (w_en_process),
.0_SELECT_ouT (w_select_out), .0_POSITION (w_posi)
1_start_delay0 (w_start_delay0) )

); assign mux_en_write 0 =

assign o_done = ~w_start_delay0; (w_start_delayO==08&&w_EN_READ_RAMO==1) 7 i_EN_WRITE :
Config_NN Config_NN(
Bhsit (i_CLK),

i_RSTn (i_RSTn),

w_load_RAM_Result;

assign mux_addr_write_0 =
(w_start_delay0==0&8&w_EN_READ_RAMO==1) 7
Ji_EN_SETUPNODE

(w_EN_SETUPNCDE), i ADDR WRITE[12:0) : w_Addr RAM Result;

.i_DATA_WRITE (i_DATA_WRITE), assign mux_data_write 0 =

INPUTnode (w_INPUTnode),  //784 (w_start_delay0==0&&w_EN_READ RAMO0==1) ?i _DATA WRITE
HIDDENnode (w_HIDDENnode),  //16 :w_Data_RAM_Result;

OUTPUTnode (w_OUTPUTnode),  //10 assign mux_addr_read_0 =

inputDIv4 (w_inputDIva), /7195 (w_start_delay0==0&&w_EN_READ_RAMO==1) ?

hiddenDIva (w_hiddenDIv4), /3 i_ADDR_READ[12:0] : w_Addr_RAM_input;

.outputDIV4 (w_outputDIvd),  //2

.numberHIDDEN (w_numberHIDDEN), //15



RAM_Result RAM_Result(

clka (i_CLK),

ena (1'b1),

wea (mux_en_write_0),

.addra (mux_addr_write_0), //test
dina (mux_data_write_0),

clkb (i CLK),

enb (1'b1),

.addrb (mux_addr_read_0),

doutb (w_o_RAM_0) //test

)7

assign mux_en_write_1 =
(w_start_delay0==0&%w_EN_READ_RAM1==1) 7 i EN_WRITE :
w_WB_Wen_RAMI;

assign mux_addr_write_1 =
(w_start_delay0==08&&w_EN_READ_RAM1==1) ?
i_ADDR_WRITE[12:0] : w_WB_Addr_RAM1;

assign mux_data_write_1 =
(w_start_delay0==0&&w_EN_READ_RAM1==1) ? i_DATA_WRITE
:w_WB_Data_RAMI,

assign mux_addr_read 1 =
(w_start_delay0==0&&w_EN_READ RAM1==1)?
i_ADDR_READ[12:0] : w_Addr_RAM_W_B;

RAM_W_B RAM_W_B(

clka (i_CLK),

ena (1'b1),

wea (mux_en_write_1),
.addra (mux_addr_write_1),
dina (mux_data_write_1),
clkb (i_CLK),

.enb (1'b1),

.addrb (mux_addr_read_1),
doutb (w_o_RAM_1)

%

assign mux_r_addr =
(w_start_delay0==0&Ew_EN_READ RAMZ2==1)?
i_ADDR_READ[12:0] : w_ADDR_TEMP_CA;
RAM_TEMP RAM_TEMP(

clka (i_CLK),

.ena (1'b1),

wea (w_RAMZ_EN_WRITE2),
addra (w_RAMZ2_ADDR_IN2),
dina (w_RAMZ_DATA_IN2),
clkb (i_CLK),

enb (1'b1),

.addrb (mux_r_addr),

doutb (w_RAM2_DATA_OUT)

always @(w_select_out orw_o RAM 1 orw_o RAM_0 or

w_RAM2_DATA_OUT)

begin

case (w_select_out)

0 :o0_DATA_READ <= 0;

1 :0_DATA_READ <= w_o RAM 0;

2 :0_DATA_READ <= w o RAM_I;

3 :0 DATA_READ <= w_RAM2 DATA_ OUT;
default : o_DATA_READ <= 0;

endcase

end

reg_RAM reg_RAM(

i CLK (i_CLK),

J_RSTn (i_RSTn),

IINPUTREG 0 (w_o RAM_0),

i INPUTREG 1 (w_o RAM_1),

i INPUTREG 2 (w_RAM2 DATA OUT),
.0 OUTPUTREG_0  (w_OP1),
.0_CUTPUTREG_1  (w_OP2),
.0_OUTPUTREG_ 2 (w_OP3)

)

/M State 1 (dot product
Calcu_0 Caleu_0(

i CLK (i_CLK),

i RSTh (i RSTN),
J_numberOUTPUT  (w_numberQUTPUT),

i OP1 (w_OP1),
i0P2 (w_OP2),
i OP3 (w_OP3),

Ji_EN_PROCESS (w_en_process),

Ji_STATE (w_State),

i POSITION (w_posi),

Ji_CYCLE (r_cycle),

i_ETA (w_eta),

.0_STATE_01 _OUTPUT (w_ANS STATE_On1),
.0_STATE_2up_OUTPUT (w_Result_cycle_2up),
.0_LOADZREG_STATE_5 (w_load2reg),
0_TEMP_DATA  (w_TEMP_DATA)

)

/ State 1 (Sumation of Dot product)
Calcu_1 Calcu_1(

J_CLK (i_CLK),
i_RSTn (i_RSTn),
Ji_STATE (w_State),

i_EN_PROCESS  (w_en SYS),
i_CYCLE_NUMBER  (w_n_replay),
I INPUT (w_ANS_STATE_0n1),



o_OUTPUT (w_ANS_dot),

o_EN_NEXTREG
I8

//__ State 2 (Sumation of Dot product with bias)

Calcu_2 Caleu_2(

(w_load_data_0)

i CLK (i_CLK),

Ji_RSTn (i_RSTn),

Ji_BIAS (w_OP2),
J_TARGET (w_OP1),
i_LOADBIAS (w_load_BIAS),
J_INPUT (w_ANS_dot),
i_EN_REG (w_load_data_0),

Ji_STARTPULSE (w_start_pulse),

J_ACTIVE_TARGET

J_STATE (w_

0_FF_ANSWER

(w_Activate_target),
State),

(w_Sigmoid_Result),

o FF PRESIG  (w_Pre_Dff_Sigmoid),

.0_FF_DELTA (w_Delta),

.0_EN_NEXTREG
)

(w_load_data_1)

W State 3 (Write back)

WRITE_BACK WRITE_BACK(

i CLK (i_CLK),

i_RSTn (i_RSTn),

i_EN_PROCESS (w_en_process),

J_STATE (w_State),

J_HIDDENnode (w_HIDDENncde),  //16
i_OUTPUTnode (w_OUTPUTnode),  //10
i_NEW_STATE (w_New_Cycle),

i_LOADZREG (w_load_data_1),

Ji_LOAD2REG_STATE_5 (w_loadz2reg),

J_FF_ANSWER

(w_Sigmoid_Result),

.I_FF_PRESIG (w_Pre_Diff_Sigmoid),

i FF_DELTA (w_Delta),

Ji_BACKWARD (w_Result_cycle_2up),

i TEMP_DATA  (w_TEMP_DATA),
i_numberCYCLE  (w_cycle),
Ji_CYCLE (r_cycle),

Ji_MODE (w_MODE),

.0_OUTPUT_RAMO
.0_OUTPUT_RAM1
.0_OUTPUT_RAM2
.0_ADDRESS_RAMO
.0_ADDRESS_RAM1
.0_ADDRESS_RAM2
©_EN_WRITE_RAMO
©_EN_WRITE_RAM1
(0_EN_WRITE_RAM2

(w_Data_RAM_Result),
(w_WB_Data_RAM1),
(w_RAMZ_DATA_IN2),
(w_Addr_RAM_Result),
(w_WB_Addr_RAM1),
(w_RAM2_ADDR_IN2),
(w_load_RAM_Result),
(w_WB_Wen_RAM1),
(w_RAM2_EN_WRITE2),

.0_NEXT_Layer (w_NEXT_Layer),
test_done (w_done)
)

Comparator Comparator(

i CLK (i_CLK),
i_RSTn (i_RSTn),
Ji_STATE (w_State),
.i_DONE (w_done),

i_LOAD2REG (w_load_data_1),
i_FF_ANSWER (w_Sigmoid_Result),
.0_OUTPUT_NCDE  (0_OUTPUT_NCDE)
);
assign lcd_done = w_done;
assign lcd_mode = w_MODE;
endmodule
Decoder
module Decoder NN(
i_CLK,
i_RSTn,
i_EN_WRITE,
i_DATA_WRITE,
i_ADDR WRITE,
i_ADDR_READ,
i_DONE,
o EN_SETUPNODE,
o_EN_START,
o EN_WRITE_RAMO,
o EN_WRITE_RAMI,
o EN_READ_RAMO,
©_EN_READ_RAM1,
o_EN_READ_RAM2,
©_MODE,
o SELECT OUT,
r_start_delay0
)

input i CLK;
input i_RSTn;
input i_EN_WRITE;

input  [63:0] i_DATA_WRITE;
input  [14:0] |_ADDR_WRITE;
input [14:0] i_ADDR_READ;

input i_DONE;

output o_EN_SETUPNODE;
output o_EN_START;
output o_EN_WRITE_RAMO;
output o_EN_WRITE_RAM1;
output o_EN_READ_RAMO;

output o_EN_READ_RAMT;



output o_EN_READ_RAMZ;
output [1:0] o MOCDE;
output [1:0] o SELECT OUT;

output r_start_delay0;

wire w_PRE_en_setupnode;
wire w_PRE_en_start;

wire 0 EN_SETUPNODE;
wire o_EN_START;

wire o_EN_WRITE_RAMO;
wire o_EN_WRITE_RAM1;

wire  [1:0] o_MODE;

wire o_EN_READ_RAMO;
wire o_EN_READ_RAMI;
wire o_EN_READ_RAMZ;

wire  [1:0] w_P_SELECT_OUT;
wire  [1:0] o_SELECT OUT;

reg r_start_delay0;
reg r_start_delay1;
reg r_MODE_test;

reg r_MODE_learn;

reg  [1:0] r_delay_select_0;

/" Setup Node & Start

assign w_PRE_en_setupnode = (

~r_start_delay0&&i_EN_WRITE&&(_ADDR_WRITE[14:13]==2'b00

)&&(i_ADDR_WRITE[12:0)==1) );

assign w_PRE_en start =

~r_start_delay0&&i EN_WRITE&R(_ADDR_WRITE[14:13]==2'b00

)R&(i_ADDR_WRITE[12:0]==0) );

assign o_EN_SETUPNODE = w_PRE_en_setupnode;

always @(posedge i CLK or negedge i_RSTn)
begin

ifl~i_RSTn)

r_MODE_test <= 0;

else if (i_DONE)

r_MODE_test <= 0;

else if (w_PRE_en_start)

r_MODE_test <= ~i_DATA_WRITE[57];

end

always @(posedge i_CLK or negedge i_RSTn)
begin

if(~i_RSTn)

r_MODE_learn <= 0;

else if (i_DONE)

r_MODE_learn <= 0;

else if (w_PRE_en_start)

r_MODE_learn <= i_DATA WRITE[57];

end

assign o_MODE = {r_MODE_test,r_MCDE_learn};
always @(posedge i_CLK or negedge i_RSTn)
begin

if(~i_RSTn)

r_start_delay0 <=0;

else if (i_DONE)

r_start_delay0 <= 0;

else if (w_PRE_en_start)

r_start_delay0 <= i_DATA_WRITE[56];

end

always @(posedge i_CLK or negedge i_RSTn)
begin

if(~i_RSTn)

r_start_delayl <=0;

else

r_start delayl <=r_start_delay0;

end

assign o_EN_START = r_start_delayO&&(~r_start_delay1);
14 Ram Selecter

assign o_EN_WRITE_RAMO = i_ADDR_WRITE[14:13]==2'b01;
assign o_EN_WRITE_RAM1 = i ADDR_WRITE[16:13]==2'b10;
/4 Reader

assign o_EN_READ_RAMO = i ADDR_READ[14:13]==2'b01;
assign o_EN_READ_RAM1 =i ADDR_READ[14:13]==2'b10;
assign o_EN_READ_RAM2 = |_ADDR READ[14:13)==2b11;
assign w_P_SELECT_OUT =i ADDR_READ[14:13];
always @(posedge i_CLK or negedge i_RSTn)
begin
ift~i_RSTn)
r_delay_select_0 <= 0;
else
r_delay_select_0 <= w_P_SELECT_OUT;
end
assign o SELECT_OUT =r_delay select_0;
endmedule
Config
module Config NN(
i_CLK,
i_RSTn,
i_EN_SETUPNODE,
i_DATA_WRITE,
INPUTnode,
HIDDENnode,
OUTPUTNnode,
inputDIV4,
hiddenDIvd,
outputDIvd,
numberHIDDEN,



numberQUTPUT,

dont_round DIV4_output,

eta,

cycle

)

input i CLK;

input i_RSTn;

input i_EN_SETUPNODE;

input  [63:0] i_DATA_WRITE;

output [9:0] INPUTnode;

output [5:0] HIDDENnode;

output [5:0] OUTPUTnode;

output [7:0] inputDIVd;

output [3:0] hiddenDIV4;

output [3:0] outputDIVd;

output [4:0] numberHIDDEN;

output [4:0] numberCUTPUT,

output [4:0] dont_round_DIV4_output;

output [11:0] eta;

output [7:0) cycle;

wire  [9:0] INPUTnhode;

wire [5:0] HIDDENnode;

wire  [5:0] OUTPUTnode;

wire  [7:0] inputDIV4;

wire  [3:0] hiddenDIv4,

wire  [3:0] outputDIV4;

wire  [4:0] numberHIDDEN;

wire  [4:0] numberQUTPUT,;

wire  [4:0] dont_round_DIV4_output;

wire  [11:0] eta;

wire  [7:0] cycle;

reg  [63:0] r_hold_config;

always @(posedge i_CLK or negedge i_RSTn)

begin

if(~i_RSTR)

r_hold_config <= 0;

else if (i_EN_SETUPNODE==1)

r_hold_config <= i_DATA WRITE;

end

assign INPUTnode = r_hold_config[15:0];

assign HIDDENnode = r_hold_config[23:16];

assign OUTPUTnode = r_hold_config[31:24];

assign inputDIV4 = (r_hold_config[15:0]+3)>>2)-1; //195
assign hiddenDIVa = ((r_hold_config(23:16]+3)>>2)-1; //3
assign outputDIVA = ((r_hold_config[31:24]+3)>>2)-1; //2
assign numberHIDDEN = r_hold_config(23:16]-1; H15
assign numberQUTPUT = r_hold_config[31:24]-1; "9

assign dont_round DIV4_output = (r_hold_config[31:24]>>2)-1;
assign eta = r_hold_config[63:40];
assign cycle =r_hold_config[39:32]-1;
endmodule
Counter Address
‘timescale 1ns / 1ps
‘define LAYERO 800
‘define LAYER1 32
‘define LAYER2 32
‘define LAYERO_W 0 // Layer 0 Weight Start Address
‘define LAYER1_W 'LAYERO W+(LAYERO*LAYER1)/4 // Layer 1
Weight Start Address
‘define LAYERL_B 'LAYER1_W-+('LAYER1*'LAYER2)/4 // Layer 1
Bias Start Address
‘define LAYER2_B "LAYER1_B+('LAYER1/4) // Layer 2 Bias
Start Address
module Counter_Addr(
i CLK,
i_RSTn,
i_NEXT_LAYER,
i_EN_START,
i_inputDIV4, /1195
i_hiddenDIV4, /73
i_outputDIvVa, /72
i_numberHIDDEN, /715
i_numberOUTPUT, 9
i_dont_round_DIV4_output, //1
i_numberCYCLE,
i MODE,
i_DONE,
i_CYCLE,
©_ADDR_INPUT_RAM,
o ADDR_WnB_RAM,
o_ADDR_TEMP,
o_LOADBIAS,
o STARTPULSE,
o_EN_SYSTEM,
o_NUMBER_REPLAY,
O_STATE,
o_NEW_STATE,
o_ACTIVE_TARGET,
o EN_PROCESS,
o_POSITION
)
input i_CLK,i_ RSTn;
input i NEXT LAYER;
input i_EN_START;
input  [7:0] i_inputDIV4;



input  [3:0] i_hiddenDIVd; wire b_stop_5;

input  [3:0] i_outputDIV4; wire b_stop_6;
input [4:0] i_numberHIDDEN; wire b_stop_7;
input  [4:0] i_numberQUTPUT; wire b_stop_8§;
input  [4:0] i_dont_round_DIVd_output; wire b_stop_9;
input  [7:0] i_numberCYCLE; wire b_stop_10;
input [1:0] i_MODE; wire b_stop_11;
input i_DONE; wire b_stop_12;
input [3:0] i_CYCLE; wire b_stop_13;
output [12:0] o_ADDR_INPUT_RAM; wire dis_cnt;

output [12:0] o ADDR_WnB_RAM; wire o EN_PROCESS;
output [12:0] o ADDR_TEMP; wire b startpulse;
output o_LOADBIAS; wire o_STARTPULSE;
output o_STARTPULSE; wire load_bias;
output o_EN_SYSTEM; wire instant_low;
output [7:0] o NUMBER_REPLAY; wire instant_high;
output [3:0] o_STATE; wire o_EN_SYSTEM;
output o _NEW_STATE; wire re_state;
output o_ACTIVE_TARGET; wire en_cnt 0;
output o _EN_PROCESS; wire en_cnt_2;
output [4:0] ©_POSITION; wire re_cnt_0;

reg en_sys; wire re_cnt_1;

reg en_sys_delay,; wire re_cnt_2;

reg startpulse_delay0; wire re_cnt_3;

reg startpulse_delayl; wire re_cnt_4;

reg void_bias; wire re_cnt_5;

reg  [3:0] state; wire re_cnt_6;

reg  [7:0] cnt 0; wire add_cnt_0;

reg  [12:0] ent_1; wire add_cnt_1;

reg  [12:0] ent_2; wire add_cnt_2;

reg  [12:0] ent_3; wire add_cnt_3;

reg  [12:0] ent_4; wire add_cnt_g;

reg [5:0] cnt_5; wire add_cnt_5;

reg  [12:0] cnt_6; wire add_cnt_6;

reg  [12:0] mux_addr_input; wire  [12:0] b_target_addr;
reg  [12:0] mux_addr_weight; wire  [12:0] o ADDR_INPUT_RAM,;
reg  [12:0] mux_addr_bias; wire  [12:0] b_weight_addr;
reg  [12:0] mux_addr_target; wire  [12:0] b_bias_addr;
reg r_RSTn_delay; wire  [12:0] o_ADDR_WnB_RAM;
reg load_bias_delay0; wire b_load_bias;
reg load_bias_delayl; wire o_LOADBIAS;
reg  [7:0] r_number_replay; wire o_LOAD_2_REG;
reg  [12:0] mux_addr_RAMZ; wire  [7:0] o NUMBER_REPLAY;
wire b_stop_0; wire  [21:0] w_config_NN;
wire b_stop_1; wire  [12:0] b_input_addr;
wire b_stop_2; wire load _Target;
wire b_stop_3; wire  [3:0] o STATE;

wire b_stop_4; wire o_MNEW_STATE;



wire o_ACTIVE_TARGET,;
wire en_addr_ram2;
wire  [12:0] o ADDR TEMP;
wire  [3:0] jump_value;
wire  [4:0] o POSITION;
wire  [12:0] r_cnt_state5;
wire  [12:0] mux_state 5;
/! Stop Countering Signal
assign b_stop_0 = (state==0) && (cnt_0==i_inputDIVd) &&
(cnt_5==i_numberHIDDEN);
assign b_stop_1 = (state==1) && (cnt_O==i_hiddenDIV4) &&
(ent_5==i_numberOUTPUT);
assign b_stop_2 = (state==2) && (cnt_0==i_hiddenDIV4);
assign b_stop_3 = (state==3) && (cnt_0==i_outputDIV4);
assign b_stop_4 = (state==4) && (cnt_0==i_outputDIV4);
assign b_stop_5 = (state==5) && (cnt_1==i_numberOUTPUT)
&& (cnt_d==i_hiddenDIVa);
assign b_stop_6 = (state==6) && (cnt_0==i_hiddenDIV4);
assign b_stop_7 = (state==7) &R (cnt_O==i_inputDIVE)  &&
(cnt_5==i_numberHIDDEN),
assign b_stop_8 = (state==8) && (cnt_0==i_outputDIV4);
assign b_stop_9 = (state==9) && (cnt_0==i_hiddenDIV4) &&
(cnt_5==i_numberOUTPUT);
assign b_stop_10 = (state==10) && (cnt_1==i_outputDIVa);
assign b_stop_11 = (state==11) & (cnt_1==i_hiddenDIVa);
assign b_stop_12 = (state==12) && (cnt_0==i_inputDIVd) ~ &&
(ent_3==i_hiddenDIVa && (cnt_5==i_numberHIDDEN));
assign b_stop_13 = (state==13) && (cnt_0==i_hiddenDIV4) &&
(cnt_3==i_dont_round_DIV4_output) &&
(ent_5==i_outputDIva),
assign dis_cnt = b_stop_0 || b_stop_1 || b_stop_2 || b_stop_3
[l b_stop_4 || b_stop_5 || b_stop_6 || b_stop 7 ||

b_stop_8 || b_stop_9 || b_stop_10 || b_stop_11 || b_stop 12
|| b_stop_13 || i_DONE;
I Start Signal

always @(posedge i_CLK or negedge i_RSTn)
begin

if(~i_RSTn)

en_sys <= 0;

else if (i_EN_START]|i_NEXT_LAYER)

en_sys <= 1;

else if (dis_cnt )

en_sys <=0,

end

assign o_EN_PROCESS = en_sys;

V4 Sienal for Bias Processing
always @(posedge i_CLK or negedge i_RSTn)
begin

if(~i_RSTn)

en_sys_delay <= 0;

else

en_sys_delay <= en_sys;

end

assign b_startpulse = (en_sys)&&(~en_sys_delay);
always @(posedge i_CLK or negedge i_RSTn)
begin

if(~i_RSTn)

startpulse_delay0 <= 0;

else

startpulse_delay0 <= b_startpulse;

end

always @(posedge i_CLK or negedge i_RSTn)
begin

if(~i_RSTn)

startpulse_delayl <= 0;

else

startpulse_delayl <= startpulse_delay0;
end

assign o_STARTPULSE = startpulse_delayl;
v Dont Put BIAS at this time

assien load_bias = ( (state==0) &&
((ent_6==3&&cnt_0==i_inputDIV4)||(dis_cnt)) )|

( (state==1) && ((cnt_6==38&cnt_0==i_hiddenDIV4)||(dis_cnt)) )
|li_EN_START==1);

assign instant_low = (i_EN_START==1)||(i_DONE==1);
assign instant_high = (i_NEXT_LAYER)R&(state==1);
always @(posedge i_CLK or negedge i_RSTn)

begin

if(~i_RSTn)

void_bias <= 0;

else if{ instant_low )

void_bias <= 0;

else if{ instant_high )

void_bias <= 1;

else if (en_sys)

begin

if(load_bias)

void_bias <= 0;

else

void_bias <= 1;

end

end

assign o_EN_SYSTEM = void_bias;

" Layer Management

assign re_state = (i_CYCLEl=i_numberCYCLE&&i DONE)||



(i CYCLE==i_numberCYCLE&E&state==13&&i_DONE);
always @(posedge i_CLK or negedge i_RSTn)

begin

if(~i_RSTn)

state <= 0;

else if (re_state)

state <= 0;

else if ( (i_NEXT_LAYER))

state <= state + 1;

end

// Input Counter

assign en_cnt_0 = (en_sys)&&(veid_bias);

assign re_cnt_0 =( (state==0) && (cnt_0==i_inputDIV4) )||
((state==1) && (cnt_O==i_hiddenDIV4) ||

((state==2) && (cnt_O==i_hiddenDIV4) )||

((state==3) && (cnt_O==i_outputDIVa) )|

((state==4) && (cnt_0==i_outputDIv4) |

((state==5) && (cnt_1==i_numberOQUTPUT) || dis_cnt )||
((state==6) && (cnt_0==i_hiddenDIVa) )||

((state==7) && (cnt_O==i_inputDIvd) )||

((state==8) && (cnt_O==i_outputDIVa) )||

((state==9) R&& (cnt_0==i_hiddenDIVa) )|

( (state==12) && (cnt_0==i_inputDIV4) )||

( (state==13) && (cnt_0==i_hiddenDIvVa) );

assign add_cnt 0 = (state==0)||(state==1)||(state==2)||
(state==3)||(state==4)||( state==6) ||(state==7)||( state==8)||(
state==9)||( state==12)||( state==13)||

( ((state==5)&&(cnt_3==3||(cnt_1==i_numberOUTPUT&&ent_3
==i_dont_round_DIV4_output)) );

always @(posedge i_CLK or negedge i_RSTn)

begin

if(~i_RSTn)

cant_0 <= 0;

else ifl en_cnt_0==1)

begin

ifl re_cnt_0)

cnt 0<=0;

elseif (add cnt 0)

cnt 0 <=cnt 0+ 1;

end

end

#

assignre_cnt_1 = (state==5)&&(cnt_1==i_numberOUTPUT)

|[(state==10)&&{dis_cnt)||state==11)R&(dis_cnt);

assign add_cnt_1 = (state==5)||(state==10)||(state==11);
always @(posedge i_CLK or negedge i_RSTn)

begin

if(~i_RSTn)

cnt_1 <= 0;

else if (en_sys)

begin

if (re_cnt_1)

cnt_1<=0;

else ifladd_cnt_1)

ent_ 1 <=cent_1 +1;

end

else

cnt_1 <=0

end

always @(state)

begin

case (state)

4 :mux_addr_RAMZ2 <= 0;

6 . mux_addr_ RAM2 <= 8;

T : mux_addr_RAM2 <= 16,

9 »mux_addr_RAM2 <= 6416;

10 :mux_addr_RAM2 <= 0;

11 :mux_ addr_RAMZ <= 8;

12 :mux_addr_RAMZ <= 16;

13 :mux_addr_RAM2 <= 6416;

default : mux_addr_RAM2 <= 0;

endcase

end

assign en_addr_ram2 = (state==4)||(state==6)||(state==7)||
(state==9)||(state==10)||(state==11)||(state==12)||(state==13);
assign o_ADDR_TEMP = (en_addr_ram2)? ent_1 +
mux_addr_RAM2 : 0;

/Y Weight Counter

assign en_cnt_2 = en_cnt_0;

assignre_cnt_2 = ((state==0) &&(dis_cnt==1)) Il
((state==1) && (dis_cnt==1)) I
((state==2) && (dis_cnt==1)) I
( (state==3) && (dis_cnt==1) ) I
((state==4) && (dis_cnt==1)) Il
((state==5) && (cnt_l==i_numberOUTPUT) ) ||
((state==6) && (dis_cnt==1)) I
((state==7) &&(dis_cnt==1)) I

(state==8) I

( (state==9) &&(dis_cnt==1)) Il
( (state==10) && (dis_cnt==1) ) II
( (state==11) && (dis_cnt==1) ) Il
( (state==12) && (dis_cnt==1) ) I
( (state==13) && (dis_cnt==1) );

assign add_cnt_2 = (state==0)

(state==1) I



(state==2) Il
(state==3) Il
(state==4) I
(state==5) Il
(state==6) Il
((state==7) && ( cnt_O==i_inputDIV4 && cnt_3==3))||
( (state==9) && ( cnt_0==I_hiddenDIV4 && cnt_3==3)) ||
(state==10) Il
(state==11) [
(state==12) Il
(state==13);
assign jump_value = (state==5)7 (i_hiddenDIV4+1) : 1;
always @(posedge i_CLK or negedge i_RSTn)
begin
if(~i_RSTn)
mt_2 <=0;
else ifl en_cnt_2==1)
begin
ifl re_cnt_2==1)
cnt_2 <=0,
else iftadd_cnt_2)
cnt_2 <=cnt_2 + jump_value;
end
end
/ Bias Counter && mini_state at 5 9 cycle
assign re_cnt_3 = ( (state==0) && (dis_cnt==1) )|
((state==1) && (dis_cnt==1) )|
((state==5) &&(
(ent_3==3)||(cnt_1==i_numberOUTPUT&&cnt_3==i_dont_roun
d_DIV4_output) ) )||
((state==7) && ((dis_cnt==1)||
(ent_0==i_inputDIV4&&cnt_3==3) ) )||
( (state==9) && ((dis_cnt==1)||
(cnt_0==i_hiddenDIV4&&ent_3==3)) )||
( (state==12) && (cnt_0==i_inputDIVa&&cnt_3==i_hiddenDIVd)
i
((state==13) && ( (dis_cnt==1) ||
(cnt_O==i_hiddenDIVa&&cnt_3==i_hiddenDIV4) ) );
assign add_cnt_3 = ( (state==0) && (void_bias==0) )||
((state==1) && (void_bias==0) || (state==5)||
((state==7) && (cnt_0==I_inputDIva) )||
( (state==9) && (cnt_0==i_hiddenDIV4) )||
( (state==12) && (cnt_0==i_inputDIVd) )||
( (state==13) && (cnt_0==i_hiddenDIV4) );

always @(posedge i_CLK or negedge i_RSTn)
begin
if(~i_RSTn)

cnt_3 <=0;

else iflen_sys)

begin

ifl re_cnt_3==1)

cnt_3 <=0,

else ifladd_cnt_3==1)
cnt 3<=cnt 3+ 1;

end

end

assign o_POSITION = cnt_3;

/7 Target Counter

assign re_cnt_4 = ( (state==0) && (dis_cnt==1) )||

( (state==1) &R (dis_cnt==1) )||

((state==5) &&
(cnt_1==i_numberOUTPUT&&cnt_4==i_hiddenDIV4) );
assign add_cnt_4 = ((state==1) && (void_bias==0) )||
( (state==5) && (cnt_1==i_numberOUTPUT) );

always @(posedge i_CLK or negedge i_RSTn)

begin

if(~i_RSTn)

cnt_4<=0;

else iflen_sys)

begin

iftre_cnt_4==1)

cnt_4 <=0,

else ifladd_cnt_g==1)

ant_4 <= cnt_4 + 1;

end

end

assign r_cnt_state5 = cnt_2 + cnt_4;

i Cycle Counter

assignre_cnt 5= ((state==0) && dis_cnt==1)]|
((state==1) && dis_cnt==1 )||(state==2)||(state==3)||
(state==0)||( (state==5) && dis_cnt==1)||(state==6)||
((state==7) && dis_cnt==1 )||(state==8)||

((state==9) && dis_cnt==1)||

((state==12) && (dis_cnt==1 ||
(ent_0==i_inputDIV4&&cnt_5==i_numberHIDDEN) ) J||

( (state==13) && (dis_cnt==1 ||
(cnt_0==i_hiddenDIV4&&cnt_5==i_hiddenDIV4) } );

assign add_cnt_5 = ( (state==0) && (cnt_0==i_inputDIV4) )||
( (state==1)&&{cnt_0==i_hiddenDIV4) ||

( (state==7)&&(cnt_0==i_inputDIv4) )||

( (state==9)&&(cnt_0==i_hiddenDIv4) ||

( (state==12)&&(cnt_0==i_inputDIV4) )||

( (state==13)&&cnt_0==i_hiddenDIV4&&cnt_3==i_hiddenDIV4));
always @(posedge i_CLK or negedge i_RSTn)

begin



if(~i_RSTn)

ant_5<=0;

else iflre_cnt_5==1)

ot 5<=0;

else ifladd_cnt_5==1)

cnt 5 <=cnt 5+ 1;

end

/" Counter Number next node
assignre_cnt 6 = (dis_cnt==1)||

( (state==0) && (cnt_0==i_inputDIVd&&cnt_6==3) )||
((state==1) && (cnt_0==i_hiddenDIV4&&cnt_6==3) )
assign add_cnt_6 = ( (state==0)&&{cnt_0==i_inputDIV4) )||
( (state==1)&&(cnt_0==i_hiddenDIV4) );

always @(posedge i_CLK or negedge i_RSTn)

begin

if(~i_RSTn)

cnt_6 <=0;

else ifl re_cnt_6)

cnt_6 <= 0;

else ifl add_cnt_6)

nt_6 <=cnt_6 + 1;

end

/ Mux Address RAM 0

always @(state)

begin

case(state)

0 :mux_addr_input <= 0;

1 : mux_addr_input <= 208;
2 : mux_addr_input <= 208;
3 : mux_addr_input <= 216;
4 : mux_addr_input <= 224;
L : mux_addr_input <= 240;
6 : mux_addr_input <= 232,
7 1 mux_addr_input <= 0;

8 :mux_addr_input <= 240;
9 : mux_addr_input <= 208;
default : mux_addr_input <= 0;
endcase

end

always @(state)

begin

case(state)

0 :mux_addr_target <= 0;

1 :mux_addr_target <= 200;
2 :mux_addr_target <= 0;

3 : mux_addr_target <= 0;
default : mux_addr_target <= 0;

endcase

end

assign b_input_addr = (state==12||state==13)7 0 :
mux_addr_input + cnt_0;

assign b_target_addr = mux_addr_target + cnt_4;

assign load_Target = (state==1)&&(void_bias==0);

assign o_ADDR_INPUT_RAM = (load_Target==1)? b_target_addr

: b_input_addr;
/ Mux Address RAM 1

always @(state)

begin

case(state)

0 : mux_addr_weight <= 'LAYERO_W,
1 : mux_addr_weight <= 'LAYER1_W,
: mux_addr_weight <= 6672;

: mux_addr_weight <= 6680;

s WM

:mux_addr_weight <= 6688;

(6, ]

: mux_addr_weight <= 6400;
: mux_addr_weight <= 6696,
:mux_addr_weight <= 6704;

:mux_addr_weight <= 0;

o O N Oy

: mux_addr_weight <= 6712;

10 :mux_addr_weight <= 6664;

11 :mux_addr_weight <= 6656;

12 :mux_addr_weight <= 0;

13 :mux_addr_weight <= 6400;

default : mux_addr_weight <= 0;

endcase

end

always @(state)

begin

case(state)

0 :mux_addr_bias <= "LAYER1_B;

1 : mux_addr_bias <= 'LAYERZ_B;

2 1 mux_addr_bias <= 0;

3 1 mux_addr_bias <= 0;

default : mux_addr_bias <= 0;

endcase

end

assign mux_state_5 = (state==5)? r_cnt_state5 : cnt_2;
assign b_weight_addr = mux_addr_weight + mux_state_5;
assign b_bias_addr = mux_addr_bias + cnt_3;

assign o_ADDR_WnB_RAM = (void_bias==1)7 b_weight_addr :
b_bias_addr;

V4 Load Bias Signal

assign b_load_bias = (~void_bias)&&(en_sys);
always @(posedge i_CLK or negedge i_RSTn)
begin

if (~i_RSTn)



load_bias_delay0 <= 0;

else

load_bias_delay0 <= b_load_bias;

end

always @(posedge i_CLK or negedge i_RSTn)
begin

if (~_RSTn)

load_bias_delayl <= 0;

else

load_bias_delayl <= load_bias_delay0;
end

assign o_LOADBIAS = load_bias_delay1;

V4 en_REG Before into Sigmoid

always @(state or i_inputDIV4 or i_hiddenDIV4)
begin
case(state)
0 :r_number_replay <= i_inputDIV4;
1 :r_number_replay <= i_hiddenDIV4,;
default : r_number_replay <= 0;
endcase
end
assign o_NUMBER_REPLAY = r_number_replay;
assign o_STATE = state;
assign o_NEW_STATE = b_startpulse;
assign o_ACTIVE_TARGET = (state == 1);
endmodule

Calculator0
module Calcu_0(
i CLK,
i_RSTn,
i_numberOUTPUT,
i oP1,
i OP2,
i OP3,
i EN_PROCESS,
i_STATE,
i_POSITION,
i_CYCLE,
i_ETA,
0_STATE_01_OUTPUT,
0_STATE_2up_OUTPUT,
o_LOADZREG_STATE_5,
o_TEMP_DATA
);
input i_CLK;
input i_RSTn;
input [4:0] i_numberOUTPUT;
input signed  [63:0] i_OP1;

input signed  [63:0] i_OP2;
input signed  [63:0] i_OP3;

input i_EN_PROCESS;
input [3:0] i_STATE;

input [4:0] i POSITION;
input [3:0] i_CYCLE;
input [11:0] i_ETA;

output signed [127:0] o_STATE_01_OUTPUT;
output signed  [63:0]1 o_STATE_2up_OUTPUT;
output o_LOAD2REG_STATE_5;
output signed [63:0] o_TEMP_DATA;

wire signed  [31:0] w_ANS_multiply_0;
wire signed  [31:0] w_ANS_multiply_1;
wire signed  [31:0] w_ANS_muiltiply_2;
wire signed  [31:0] w_ANS multiply 3;
wire signed  [127:0] o_STATE_01_OUTPUT;
wire signed  [15:0] w_ANS_rounded_0;
wire signed  [15:0] w_ANS_rounded 1;
wire signed  [15:0] w_ANS_rounded_2;
wire signed  [15:0] w_ANS_rounded_3;

wire signed  [63:0] w_ANS_state_2up;

wire [127:0] w_INPUT_Stack;
wire [63:0] w_OUTPUT_stack;
wire w_load2reg_S5;
wire [63:0] o TEMP_DATA,;

wire signed  [15:0] w_TEMPQ;
wire signed  [15:0] w_TEMP1;
wire signed  [15:0] w_TEMPZ;
wire signed  [15:0] w_TEMP3;

wire [63:0] w_CAL_ETA;

wire [15:0] w_inv_0;

wire [15:0] w_inv_1;

wire [15:0] w_inv_2;

wire [15:0] w_inv_3;

wire [63:0] w_inv_DATA;

wire [15:0] w_POSITION eta 0;
wire [15:0] w_POSITION_eta_1;
wire [15:0] w_POSITION_eta_2;
wire [15:0] w_POSITION_eta_3;

wire signed  [31:0] w P rounded_0;
wire signed  [31:0] w_P_rounded_1;
wire signed  [31:0] w_P_rounded_2;
wire signed  [31:0] w_P_rounded_3;

reg [63:0] o_STATE_Zup_OUTPUT,;
reg [4:0] r_POSITION_delay0;
reg [4:0] r_PCSITION_delay1;
reg [63:0] mux_COPY_OPO;

reg [63:0] mux_COPY_OP1,



reg signed [63:0] mux_REAL_OPO;
reg signed  [63:0] mux_REAL_OP1;

reg [12:0] mux_roundup;

reg [3:0] mux_shifter;

reg [63:0] mux_X_OPO0;

reg [63:0] mux_X_OP1;

V4 Position delay

always @(posedge i_CLK or negedge i_RSTn)
begin

ift~i_RSTn)

r_POSITION_delay0 <= 0;

else

r_POSITION_delay0 <= i_POSITION;

end

always @(posedge i_CLK or negedge |_RSTn)
begin

if(~i_RSTn)

r_POSITION_delayl <= 0;

else

r_POSITION_delayl <= r_POSITION_delay0;

end
/" MUX Operation
/" Data Management

always @(r_POSITION_delay1 or i_OP1)

begin

case (r_POSITION_delay1)

0 : mux_COPY_OPO <=
{i_OP1[63:48],i_OP1[63:48],i_OP1[63:48],i OP1[63:48]};
1 :mux COPY OPO <=
{i_OP1[47:32),i_OP1[47:32],_OP1[47:32),i_OP1[47:32]};
2 : mux_COPY_OP0Q <=
{i_OP1[31:16],i_OP1[31:16],i_OP1[31:16],i_OP1[31:16]}
3 : mux_COPY_OPO0 <=

{i_OP1[15:0],i OP1[15:01i_OP1[15:01,_OP1[15:0]};
default : mux_COPY_OP0 <= 0;

endcase

end

always @(r_POSITION_delayl or i_OP2)

begin

case (r_POSITION_delay1)

0 :mux_COPY_OP1 <=
{i_OP2[63:48],i_OP2[63:48],_OP2[63:48],i_OP2[63:48]};
1 :mux_COPY_OP1 <=
{i_OP2[47:32],i_OP2[47:32),_OP2(47:32],i_OP2(47:32]}
2 :mux_COPY_OP1 <=
{i_OP2[31:16],i_OP2(31:16],_OP2(31:16],i_OP2[31:16]}
3 :mux_COPY_OP1 <=
{i_OP2[15:0],i_OP2[15:0],i_OP2[15:0],i_OP2[15:01};

default : mux_COPY_OP1 <= (;
endcase

end

assign w_POSITION_eta_0 = i_ETA;
assign w_POSITION eta_1 = i_ETA;
assign w_POSITION eta_2 = i_ETA;
assign w_POSITION eta_3 =i_ETA;

assign w_CAL_ETA = {w_POSITION_eta_0, w_POSITION_eta_1,

w_POSITION_eta_2, w_POSITION_eta_3);

V4 Mux. before it going to multipier

always @(i_STATE or i_OP1 or mux_COPY_OPO0 or w_CAL_ETA)

begin

caseli_STATE)

0 : mux_REAL_OP0 <=i_OP1;

1 :mux_REAL_OPQ <= i_OP1;
:mux_REAL_OPO <=i_OP1;
:mux_REAL_OPO <=1 OP1;
:mux_REAL_OPO <=i_OP1;
smux_REAL_OPO <= mux_COPY_QP0;

o U A WN

:mux_REAL_OPO <=i_OP1;

7 :mux_REAL_OPO <= i OP1;

8 :mux_REAL_OPO <= i_OP1;

9 : mux_REAL_OPQ <=i_OP1,

10 :mux_REAL_OPO <=w CAL ETA;

11 :mux_REAL_OPO <=w_CAL ETA;

12 :mux_REAL _OP0 <=w_CAL ETA;

13 :mux_REAL_OPO <= w_CAL ETA;

default : mux_REAL_OPQ <= 0;

endcase

end

always @(i_STATE or i_OP2 or mux_COPY_OP1 or i_OP3)

begin

case(i_STATE)

0 :mux_REAL_OP1 <=i_OP2;

1 »mux_REAL_OP1 <=i_OP2;

2 : mux_REAL_OP1 <=i_OPZ;

3 : mux_REAL_OP1 <=i_OP2;

4 s mux_REAL_OP1 <=i_OP2;

5 :mux_REAL_OP1 <=i_OP2;

6 :mux_REAL OP1 <=i OPZ;

7 : mux_REAL_OP1 <= mux_COPY_OP1;
:mux_REAL_OP1 <= i _OPZ;

9 :mux_REAL_OP1 <= mux_COPY_OP1;

10 :mux_REAL_CP1 <=i OP3;

11 :mux_REAL_OP1 <=i OP3;

12 :mux_REAL_OP1 <=i_OP3;

13 :mux_REAL_CP1 <=i_OP3;

default : mux_REAL_OP1 <= 0;



endcase
end

1/ Multiplier

assign w_ANS_multiply_0 = $signed(mux_REAL_OP0[63:48]) *
$signed(mux_REAL_OP1[63:48]);

assign w_ANS_multiply 1 = $signed(mux_REAL_OP0[47:32]) *
$signed(mux_REAL_CP1[47:32));

assign w_ANS_multiply_2 = $signed(mux_REAL_OPO[31:16]) *
$signed(mux_REAL_OP1[31:16]);

assign w_ANS_multiply_3 = S$signed(mux_REAL_OPOQ[15:0]) *
$signed(mux_REAL_OP1[15:0]);

assign o_STATE_01_OUTPUT = {w_ANS_multiply_0,
w_ANS_multiply_1, w_ANS multiply_2, w_ANS_multiply_3};
assign w_INPUT _Stack = o_STATE_01_OUTPUT;

4 Reducer 32 bit to 16 bit

always @(i_STATE)

begin

case(i_STATE)

0 :mux_roundup <= 0;

1 1 mux_roundup <= 0;

2 : mux_roundup <= 2048;

3 : mux_roundup <= 2048;
4

:mux_roundup <= 2048;

5 : mux_roundup <= 2048;
6 : mux_roundup <= 2048;
7 : mux_roundup <= 2048;

8 : mux_roundup <= 2048;
9 : mux_roundup <= 2048;
10 :mux_roundup <= 4096;
11 :mux_roundup <= 4096;
12 :mux_roundup <= 4096;
13 :mux_roundup <= 4096;
default : mux_roundup <= 0;
endcase

end

always @(i_STATE)

begin

case(i_STATE)

0 : mux_shifter <= 0;
1 : mux_shifter <= 0;
2 : mux_shifter <= 12;
3 - mux_shifter <= 12;
4 : mux_shifter <= 12;

: mux_shifter <= 12;
: mux_shifter <= 12;

: mux_shifter <= 12;

@ ~ o WU

: mux_shifter <= 12;

9 : mux_shifter <= 12;

10 :mux_shifter <= 13;

11 :mux_shifter <= 13;

12 :mux_shifter <= 13;

13 :mux_shifter <= 13;

default : mux_shifter <= 0;

endcase

end

// Rounder , Answer for statement 2 upper and Inverse data;
assign w_P_rounded 0 = S$signed(w_ANS_multiply_0) +
mux_roundup;

assign w_P_rounded_1 = $signed(w_ANS_multiply_1) +
mux_roundup;

assign w_P_rounded_2 = $signed(w_ANS_multiply_2) +
mux_roundup;

assign w_P_rounded 3 = S$signediw_ANS_multiply_3) +
mux_roundup;

assign w_ANS_rounded 0 = w_P_rounded_0 >> mux_shifter;
assign w_ANS_rounded 1 = w_P_rounded_1 >> mux_shifter;
assign w_ANS_rounded_2 = w_P_rounded_2 >> mux_shifter;
assign w_ANS_rounded_3 = w_P_rounded_3 >> mux_shifter;
assign w_ANS_state_2up = {w_ANS_rounded 0,

w_ANS rounded 1, w_ANS rounded_2, w_ANS_rounded_3};
assign w_inv_0 = ~w_ANS_rounded_0+1;

assign w_inv_1 = ~w_ANS_rounded_1+1;

assign w_inv_2 = ~w_ANS_rounded_2+1;

assign w_inv_3 = ~w_ANS_rounded_3+1;

assign w_inv_DATA = {w_inv_0w_inv_1,w_inv_2w_inv_3};

//_ Stack_Summation ( Stage 5 )

Stack_Summation Stack_Summation(

i CLK (i_CLK),
i_RSTn (i_RSTn),
1_STATE (i_STATE),

.i_EN_PROCESS (i_EN_PROCESS),
J_numberQUTPUT  (i_numberOUTPUT),
J_INPUT (w_INPUT_Stack),

.0_OUTPUT (w_QUTPUT_stack),
.0_LOADZREG (w_load2reg_S5)

)

assign o_LOAD2REG_STATE_5 = w_loadZ2reg_S5;
" END

always @(i_STATE or w_ANS_state 2up or w_OUTPUT _stack or
i_OP1)

begin

caseli_STATE)

0 : 0_STATE_2up_OUTPUT <= 0;

1 : 0_STATE_2up_OUTPUT <= 0;

2 1 0_STATE_2up_OUTPUT <= w_ANS_state_2up;

3 1 0_STATE_2up_OUTPUT <= w_ANS_state_2up;



4 1 0_STATE_2up_OUTPUT <= w_ANS_state_2up;
5 10 STATE_2up_OUTPUT <= w_QUTPUT _stack;
6 1 0_STATE_2up_OUTPUT <= w_ANS_state_2up;
7 : O_STATE_2up_OUTPUT <= w_ANS_state_2up;
8 1 0_STATE_2up_OUTPUT <=i_OP1;

9 : 0_STATE_2up_OUTPUT <= w_ANS_state 2up;
default : o_STATE_2up_OUTPUT <= 0;

endcase

end

/ TO TEMP RAM

always @(i_STATE or i_OP2 or w_ANS_state_2up)
begin

caseli_STATE)

0 s mux_X_0OP0 <= w_ANS_state_2up;
1 »mux_X_OP0 <=w_ANS_state 2up;
2 :mux_X_OP0 <=w_ANS_state 2up;
3 smux_X_OP0 <=w_ANS_state_2up;
4 smux_X_OP0 <=w_ANS_state_2up;
5 smux_X_OP0 <= w_ANS_state_2up;
6 smux_X_OP0 <= w_ANS_state_2up;
ii smux_X_OP0 <= w_ANS_state_2up;
8 smux_X_0OP0 <= w_ANS_state 2up;
9 :mux_X_OP0 <= w_ANS_state 2up;
10 i mux_X_0OP0 <= i_OPZ2;

14 s mux_X_OP0 <=i_OP2;

12 :mux_X OPO <= i_OPZ;

13 :mux_X_OP0 <=1 OP2,

default : mux_X_OP0 <= 0;

endcase

end

wire [3:0] x_STATE;

assign x_STATE = (i_CYCLE!=0)7 i_STATE : 0;
always @(x_STATE or i_OP3 or w_inv_DATA)
begin

case(x_STATE)

0 smux_X_OP1 <= 0;

1 smux_X_OP1 <= 0;

smux_X_OP1 <= 0;

v N

smux_X_0P1 <= 0;

s

smux_X_OP1 <= i_OP3;
:mux_X_OP1 <= 0;

:mux_X_OP1 <=i_OP3;
smux_X_OP1 <=i_OP3;

smux_X_OP1 <= 0;

L= - - e v |

smux_X_OP1 <=i OP3;
10 :mux_X_OP1 <= w_inv_DATA;
1 smux_X_0P1 <= w_inv_DATA;

12 tmux_X_OP1 <= w_inv_DATA;

13 :mux_X_OP1 <= w_inv_DATA,;
default : mux_X_OP1 <= 0;
endcase
end
assign w_TEMPO = $signed(mux_X_OP0[63:48)) +
$signed(mux_X_OP1[63:48));
assign w_TEMP1 = $signed(mux_X_OP0[47:32)) +
$signed(mux_X_OP1[47:32]);
assign w_TEMP2 = Ssigned(mux_X_OP0[31:16]) +
$signed(mux_X_OP1[31:16]);
assign w_TEMP3 = Ssigned(mux_X_OP0[15:0]) +
Ssigned(mux_X_OP1[15:0]);
assign o_TEMP_DATA = {w_TEMPO, w_TEMP1, w_TEMPZ,
w_TEMP3};
endmodule
Stacksummation
module Stack_Summation(
i CLK,
i_RSTn,
i_EN_PROCESS,
i_numberOUTPUT,
i_INPUT,
i STATE,
o OUTPUT,
o_LOADZREG
);
input i_CLK;
input i_RSTn;
input i_EN_PROCESS;
input [4:0] i_numberOUTPUT;
input [127:0) i_INPUT;
input [3:0] i_STATE;
output  [63:0] o OUTPUT;

output o_LOADZREG;
reg r EN_PROCESS_delay0;
reg r_EN_PROCESS_delay1;

reg [4:0] r_count_data;
reg signed [37:0] r_summation0;
reg signed [37:0] r_summationl;
reg signed [37:0] r_surmmation2;
reg signed [37:0] r_summation3;
wire o LOADZREG;
wire signed [37:0] w_Sum_0;
wire signed [37:0] w_Sum_1;
wire signed [37:0] w_Sum_2;
wire signed [37:0] w_Sum_3;
wire signed [37:0] w_round_00;

wire signed [37:0] w_round_10;



wire signed [37:0] w_round_20;
wire signed [37:0] w_round_30;

1/ Enable Process Delay

always @(posedge i_CLK or negedge i_RSTn)
begin

if(~i_RSTn)

r_EN_PROCESS_delay0 <= 0;

else

r_EN_PROCESS_delay0 <= i EN_PROCESS;
end

always @(posedge i_CLK or negedge i_RSTn)
begin

if(~i_RSTn)

r_EN_PROCESS_delayl <= 0;

else

r_EN_PROCESS_delayl <= r_EN_PROCESS_delay0;
end

V4 Data Counter

always @(posedee i_CLK or negedge i_RSTn)
begin

if(~i_RSTn)

r_count_data <= 0;

else if (r_EN_PROCESS_delay1&&i_STATE==5)
begin

if(r_count_data==i_numberOUTPUT)
r_count_data <= 0;

else

r_count_data <= r_count_data + 1;

end

else

r_count_data <= 0;

end

assign o_LOADZREG = (r_count_data==i_numberOUTPUT)? 1 :
0;

1 Summation Stack 0

always @(posedge i_CLK or negedge i_RSTn)
begin

ift~i_RSTn)

r_summation0 <= 0;

else if (r_EN_PROCESS_delayl&&i_STATE==5)
begin

iftr_count_data==i_numberOUTPUT)
r_summation0 <= 0;

else

r_summation0 <= $signed(r_summation0) +
$signed(i_INPUTI127:96]);

end

else
r_summationQ <= 0;
end

/" Summation Stack 1

always @(posedge i_CLK or negedge i_RSTn)
begin

if(~i_RSTn)

r_summationl <= 0;

else if (r_EN_PROCESS_delay1&&i_STATE==5)
begin

iflr_count_data==i_numberQUTPUT)
r_summationl <= 0;

else

r_summationl <= $signed(r_summation1) +
Ssigned(i_INPUT[95:64]);

end

else

r_summationl <= Q;

end

A Summation Stack 2

always @(posedge i_CLK or negedge i_RSTn)
begin

if(~i_RSTn)

r_summation2 <= 0;

else if (r_EN_PROCESS_delay1&&_STATE==5)
begin

if(r_count_data==i_numberOUTPUT)
r_summation2 <= 0;

else

r_summation2 <= $signed(r_summation2) +
$signed(i_INPUT[63:32]);

end

else

r_summation2 <= 0,

end

/i Summation Stack 3

always @(posedge i_CLK or negedge i_RSTn)
begin

if(~i_RSTn)

r_summation3 <= 0;

else if (r_EN_PROCESS_delay1&&i_STATE==5)
begin

if(r_count_data==i_numberOUTPUT)
r_summation3 <= 0;

else

r_summation3 <= $signed(r_summation3) +
Ssigned(i_INPUT[31:0]);

end



else

r_summation3 <= 0;

end

Mo Rounder

assign w_Sum_0 = Ssigned(r_summation0) +
$signed(i_INPUT[127:96));

assign w_Sum_1 = Ssigned(r_summation1) +
Ssigned(i INPUT[95:64));

assign w_Sum_2 = Ssigned(r_summation2) +
Ssigned(i_INPUT[63:32]);

assign w_Sum_3 = $signed(r_summation3) +
$signed(i_INPUT[31:0]);

assign w_round_00 = Ssigned(w_Sum_0)+1024;
assign w_round_10 = $signed(w_Sum_1)+1024;
assign w_round_20 = $signed(w_Sum_2)+1024;
assign w_round_30 = $signed(w_Sum_3)+1024;
assign o_OUTPUT =

{w_round_00[26:11],w_round_10[26:11],w_round_20[26:11}w _

round_30[26:11]};
endmodule
Calculator1
module Caleu_1(
i_CLK,
i_RSTn,
i_STATE,
i_EN_PROCESS,
i_CYCLE_NUMBER,

i_INPUT,

o OUTPUT,

o_EN_NEXTREG

%

input [ CLIS,

input i_RSTn;

input i_EN_PROCESS;

input signed  [127:0] i_INPUT;

input [7:0] i_CYCLE_NUMBER;
input [3:0] i_STATE;

output [31:0] o OUTPUT;
output o_EN_NEXTREG;
reg [127:0] r_hold_data;

reg signed  [7:0] r_count_INPUT DIV _4;

reg signed  [42:0] Pre_Sum Hidden;

wire signed  [42:0] w_Summation_dot

wire w_en CALCU_1;

wire signed  [42:0] Pre_Result_1; // 63 bit
wire signed  [42:0] round_0;

wire signed  [37:0] round_1;

wire [31:0] o_QUTPUT;

wire o_EN_NEXTREG;

always @(posedge i_CLK or negedge i_RSTn)
begin

if(~i_RSTn)

r_hold_data <= 0;

else

r_hold_data <= i_INPUT;

end

DELAY_en_CALCU_1 DELAY_en_CALCU_1(
J_CLK(i_CLK),

Ji_RSTN(i_RSTn),
J_DELAY_INPUT(i_EN_PROCESS),
.0_DELAY_OUTPUT(w_en_CALCU_1)

e

assign w_Summation_dot = $signed(r_hold_data[127:96]) +
$signed(r_hold_data[95:64]) + $signed(r_hold_data[63:32]) +

$signed(r_hold_data[31:0]);

always @(posedge i_CLK or negedge i_RSTn)
begin

ift~i_RSTr)

r_count_INPUT_DIV_4 <= 0;

else if (w_en_CALCU_1)

begin

iftr_count_INPUT DIV_4 == | CYCLE_NUMBER )
r_count_INPUT DIV 4 <=0;

else

r_count_INPUT_DIV_4 <=r_count_INPUT_DV_4 + 1;
end

else

r_count_INPUT DNV _4 <= 0;

end

always @(posedge i_CLK or negedge i_RSTn)
begin

if(~i_RSTn)

Pre_Sum_Hidden <= 0;

else if (w_en_CALCU 1)

begin

if(r_count_INPUT DIV 4 == i CYCLE_NUMBER)
Pre_Sum_Hidden <= 0;

else

Pre_Sum_Hidden <= Ssigned(Pre_Sum_Hidden) +
$signed(w_Summation_dot);

end

else

Pre_Sum_Hidden <= 0;

end



assign Pre_Result_1 = $signed(Pre_Sum_Hidden) + wire [1:0] w_SELECT input;

$signediw_Summation_dot); wire [15:0] w_Sigmoid_Result;

assign round_0 = $signed(Pre_Result_1)+1024; wire [15:0] o FF_DELTA;

assign o_OUTPUT = round_0[42:11]; wire [15:0]1 o_FF_ANSWER;

assign o_EN_NEXTREG = ((r_count_INPUT_DIV_4 == wire (15:0] o_FF_PRESIG;

i_CYCLE_NUMBER)&&(i_STATE==0||i_STATE==1))7 1:0; wire o EN_NEXTREG;

endmodule always @(posedge i_CLK or negedge i RSTn)
Calculator2 begin

module Calcu_2( if(~i_RSTn)

I_CLK, r_hold_data <= 0;

i_RSTn, else if (i_EN_REG)

i_BIAS, r_hold_data <= i_INPUT;

i_TARGET, else

i_LOADBIAS, r_hold_data <= 0;

i_INPUT, end

i EN_REG, DELAY 0 DELAY_0(

i_STARTPULSE, J_CLK(_CLK),

i_ACTIVE_TARGET, i_RSTn(i_RSTn),

i STATE, J_DELAY_INPUT(i_EN_REG),

o_FF_ANSWER, .0_DELAY_OUTPUT(w_Shifted)

o_FF_PRESIG, V;

o_FF_DELTA, / Bias & Shifter

o_EN_NEXTREG always @(posedge i_CLK or negedge i_RSTn)

) begin

input i CLK; if(~i_RSTn)

input i_RSTn; r_Bias <= 0;

input i_ LOADBIAS; else if ((i_LOADBIAS)&&(_STARTPULSE))

input i_EN_REG; r_Bias[79:16] <= i_BIAS;

input i_STARTPULSE; else if (i_LOADBIAS)

input i_ACTIVE_TARGET; r_Bias[63:0] <= i_BIAS;

input [63:0] i_BIAS;
input [63:0] i_TARGET;

else if (w_Shifted)
r_Bias <={r_Bias[63:0]r_Bias[79:64]};

input [31:0] i_INPUT; end

input [3:0] i_STATE; assign w_Shifted_Bias = {r_Bias[79:64],1'b0};  //17bit

output  [15:0] o_FF_ANSWER; assign w_New _Bias = (w_Shifted_Bias[16]==1)?

output [15:0] o_FF_PRESIG; {15'b11111_11111_11111,w_Shifted_Bias}:{15'b00000_00000_0
output  [15:0] o FF_DELTA; 0000,w_Shifted_Bias;

output o_EN_NEXTREG; assign w_Bias_Plus_Weight = $signed(w_New_Bias) +

reg (31:0] r_hold_data; Ssigned(r_hold_data);

reg [79:0] r_Bias; /i INPUT Sigmoid

reg [79:0] r_Target; assign w_en_MAX = $signed(w_Bias_Plus_Weight>32767);

reg signed [15:0] mux_INPUT_sigmoid; assign w_en_MIN = S$signed(w_Bias_Plus_Weight<-32767);

wire w_Shifted; assign w_SELECT _input = fw_en_MAX, w_en_MIN};
wire [16:0) w_Shifted_Bias; always @(w_SELECT input or w_Bias_Plus_Weight)
wire [31:0] w_New_Bias; begin

wire signed [32:0] w_Bias_Plus_Weight; case (w_SELECT input)

wire w_en_MAX; 0 mux_INPUT_sigmoid <= w_Bias_Plus_Weight[15:0];

wire w_en_MIN; 1 :mux_INPUT_sigmoid <= -3276T;



2 : mux_INPUT_sigmoid <= 32767,
default : mux_INPUT_sigmoid <= 0;
endcase

end

/. Sigmoid

Top_Sig Top_Sig(

i CLK (i_CLK),

i_RSTn (i_RSTn),

QA (mux_INPUT_sigmoid),
OA (w_Sigmoid_Result)

%

1/ TARGET

always @(posedge i_CLK or negedge i_RSTn)
begin

if(~i_RSTn)

r_Target <= (;

else if (i_ ACTIVE_TARGET)

begin

if ((i_LOADBIAS)&&(i_STARTPULSE)
r_Target[79:16] <= i_TARGET,;

else if ((i_LOADBIAS))

r_Target[63:0] <= i_TARGET;

else if ((w_Shifted))

r_Target <= {r_Target[63:0],r_Target(79:64]};
end

end

/ Answer Sigmoid, delta and Presig
assign o_FF_DELTA = w_Sigmoid_Result - r_Target[79:64];

assign o_FF_ANSWER = w_Sigmoid_Result;

assign o_FF_PRESIG = 4096 - w_Sigmoid_Result;
assign o_EN_NEXTREG = (i_STATE==0|[i_STATE==1)? w_Shifted

0;
endmodule

TopSigmoid
module Top_Sig(
i CLK,
i_RSTn,
i A,
o_A
)
input i CLK;
input i_RSTn;
input  [15:0] i_A;
output [15:0] o_A;
wire w_Sign_Bit;
wire  [9:0] w_Addr_Reg;
wire [8:0] w_Addr,

wire  [9:0] two_Comp;

wire [5:0] w_Apx Data;
wire  [16:0] w_O_ROM;
wire  [11:0] w_Data;
wire [4:0] w_deltaY;
wire  [15:0] Pos_delta;
wire [15:0] Neg_delta;
wire  [15:0] Ans_Sigmoid;
wire  [15:0] o_A;

wire  [15:0] mux_input;
wire  [5:0] w_Apx;

reg Sign_delay 1;
reg [5:0] Apx_delay 1;
reg  [15:0] Ans_Sig;

assign mux_input = (i_A[15]==1)? (1'01,(~i_A[14:0])+1)) :

{1'00,i_A[14:01};

assign w_Sign_Bit = i_A[15];

assign w_Addr = mux_input[14:6];
assign w_Apx = mux_input[5:0];
Sig_Memo Sig_Memo(
.addralw_Addr),

clka(i_CLK),

-ena(1'bl),

doutalw_O_ROM)

)5

assign w_Data = w_O_ROM[11:0};
assign w_delta¥ = w_O_ROM[16:12];
always @(posedge i_CLK or negedge i_RSTn)
begin

if(~i_RSTn)

Sign_delay_1 <= 0;

else

Sign_delay 1 <= w_Sign_Bit;

end

always @(posedge i_CLK or negedge i RS5Tn)
begin

ifl~i_RSTn)

Apx_delay_1 <=0;

else

Apx_delay_1 <= w_Apx;

end

assign Pos_delta = (((w_deltaY*Apx_delay_1)+32)>>6)+w_Data;

assign Neg_delta = (4096-Pos_delta);

assign Ans_Sigmoid = (Sign_delay_1)? Neg_delta ; Pos_delta;

always @(posedge i CLK or negedge i_RSTn)
begin

if(~i_RSTn)

Ans_Sig <= 0;

else



Ans_Sig <= Ans_Sigmoid;
end
assign o_A = Ans_Sig;
endmodule

Writeback
module WRITE_BACK(
i_CLK,
i_RSTn,
i_EN_PROCESS,
i_STATE,
i_ HIDDENnode,  //16
i_ OUTPUTnode,  //10
i_NEW_STATE,
i_LOADZREG,
i_LOAD2ZREG_STATE_5,
i_FF_ANSWER,
i_FF_PRESIG,
i_FF_DELTA,
i_ BACKWARD,
i_ TEMP_DATA,
i_numberCYCLE,
I_CYCLE,
o_OUTPUT_RAMO,
o_OUTPUT_RAM1,
o_OUTPUT_RAMZ,
o_ADDRESS_RAMO,
o_ADDRESS_RAMI,
o_ADDRESS_RAMZ,
o_EN_WRITE_RAMO,
o_EN_WRITE_RAM1,
o_EN_WRITE_RAM2,
o_NEXT_Layer,
i_MODE,
test_done
)
input i CLK;
input i RSTn;
input i_EN_PROCESS;
input i_LOADZREG;
input i_LOADZREG_STATE_5;
input [3:0] i_STATE;
input i_NEW_STATE;
input  [5:0] i_HIDDENnode;
input  [5:0] i_ OUTPUTnode;
input  [15:0] i_FF_ANSWER;
input  [15:0) i_FF_PRESIG;
input  [15:0] i_FF_DELTA;
input  [63:0] i_BACKWARD;

input  [63:0] i TEMP_DATA;
input [1:01 i_MODE;

input  [7:0] i_numberCYCLE;
input  [3:0] i CYCLE;

output [63:0] o_OUTPUT_RAMO;
output [63:0] o_OUTPUT_RAM1;
output [63:0] o OUTPUT_RAM2;
output [12:0] o_ADDRESS_RAMO;
output [12:0] o ADDRESS RAM!;
output [12:0] o_ADDRESS_RAMZ;

output o_EN_WRITE_RAMO;
output o_EN_WRITE_RAM1;
output o_EN_WRITE_RAMZ;
output o_NEXT_Layer,;

output test_done;

reg r_EN_PROCESS _Delay 0;
reg r_EN_PROCESS_Delay_1;
reg r_EN_PROCESS_Delay_2;
reg r_LOAD2REG_Delay 0;

reg  [14:0] r_count_data;

reg  [2:0] r count_slot;

reg  [63:0] r_Hold_Data_RAM O;
reg  [63:0] r_Reserve Data;

reg  [12:0) r_count ADDRESS_0;
reg  [2:0] r_delay CNT_ADDR_0;
reg  [12:0] mux_Addr_Ram_0;
reg r_WRen_State_1;

reg  [63:0] r_Hold_Data_RAM 1;
reg  [12:0] mux_Addr_Ram_1;
reg  [12:0] r_count_ADDRESS_1;

reg r_delay_Load2Reg_5;
reg o EN_WRITE_RAM1;
reg o_EN_WRITE_RAMO;

reg  [63:0] o OUTPUT_RAMI;
re¢  [63:0] r_Hold_Data_RAM 2;
reg  [63:0] o_OUTPUT_RAMZ;
reg  [12:0] mux_counter;

reg  [12:0] mux_Addr_Ram_2;
reg test_done;

reg o_NEXT_Layer;

wire  [63:0]1 FF_OUTPUT,

wire  [63:0] o OUTPUT_RAMO;
wire en_Address_Counter;
wire  [12:0] Pre_Addr_RAM_1;
wire  [12:0] Pre_Stack_Addr;
wire  [12:0] o_ADDRESS_RAMQ;
wire w_ready_2_write;

wire PRE_en_WRITE;



wire  [63:0] PRE_OUTPUT_RAM_1;

wire  [12:0) o_ADDRESS_RAMI;

w_en_data_counter;
w_dis_data_counter;
w_en_slot_counter;
w_dis_slot_counter;
w_en_HoldData_RAMO;
w_Rapid_HoldData_RAMO;
Pre_WRen;
w_en_HoldData_RAM?;
w_Rapid_HoldData_RAM1;
en_Address_Counter_1;
Pre_NEXT_0;

Pre_NEXT 1;
Pre_NEXT_2;
Pre_NEXT_3;
Pre_NEXT _4;
Pre_NEXT_5;
Pre_NEXT_6;
Pre_NEXT_T;
Pre_NEXT_8;
Pre_NEXT_9;
Pre_NEXT_10;

Pre  NEXT_11;
Pre_NEXT_12;

Pre_NEXT _13;
o_EN_WRITE_RAMZ;

wire  [12:0] o ADDRESS_RAM2;

Vi

w_LEARN_NEXT_Layer;
w_UPDATE_NEXT Layer;
mux_NEXT_Layer;
w_TEST_NEXT _Layer;

mux_done;

always @(posedge i_CLK or negedge i_RSTn)

begin
if(~i_RSTn)

r_EN_PROCESS Delay 0 <= 0;

else

r_EN_PROCESS_Delay 0 <=i_EN_PROCESS;

end

always @(posedge i_CLK or negedge i_RSTn)

begin
if(~i_RSTn)

r_EN_PROCESS_Delay 1 <= 0;

else

r_EN_PROCESS_Delay_1 <=r_EN_PROCESS_Delay 0

end

Delay en_process 3 clk

always @(posedge i_CLK or negedge i_RSTn)

begin

ifi~i_RSTN)

r_EN_PROCESS _Delay_2 <= 0;

else

r_EN_PROCESS_Delay_2 <=r_EN_PROCESS_Delay_1;
end

V4 Data Counter

assign w_en_data_counter = ( (i_STATE==0)&&( LOADZREG) )
Il

((i_STATE==1)&&{i_LOAD2REG) )

assign w_dis_data_counter = (i NEW_STATE==1)

Il

((i_STATE==0)2&(r_count_data==i_HIDDENnode) ) ||
((i_STATE==1)&&r_count_data==i_ OUTPUTnode) );
always @(posedge i_CLK or negedge i_RSTn)

begin

if (~i_RSTn)

r_count_data <= 0;

else iflw_dis_data_counter)

r_count_data <= 0;

else iftw_en_data_counter)

r_count_data <=r_count_data + 1;

end

14 N Reg Slot Counter

assign w_en_slot_counter = i_LOAD2REG;
assign w_dis_slot_counter =
(i_NEW_STATE==1)|[(r_count_slot==4);
always @(posedge i CLK or negedge i_RSTn)
begin

iff~i_RSTn)

r_count_slot <= 0;

else iftw_dis_slot_counter)

r_count_slot <= 0;

else iftw_en_slot_counter)

r_count_slot <=r_count_slot + 1;

end

" Reg Slot & Output

assign w_ready_2_write = (r_count_slot==4)

Il

((i_STATE==0)&&{r_count_data==i_HIDDENnode)) ||
((i_STATE==1)&&{r_count_data==i_OUTPUTnode) );
always @(posedge i_CLK or negedge i_RSTn)

begin

if(~i_RSTn)

r_WRen State 1 <=0;

else if (i_STATE==1)

r_WRen_State_1 <= w_ready 2 write,



else assign o_OUTPUT_RAMO = (r_WRen_State_1==1)?

r_WRen_State_1 <=0; r_Reserve_Data : r_Hold_Data_RAM_0

end e Address Ram0
assign PRE_en_WRITE = (w_ready_2_write)||(r_WRen_State_1); assign en_Address_Counter = (r_count_slot==4)
/ Holder Reg 0 ( (r_EN_PROCESS_Delay 2==1) &&

assign w_en_HoldData_RAMO = (i STATE==0)||li_STATE==1); ((i_STATE==2) I

assign w_Rapid_HoldData_RAMO = (i_STATE==2) || (i_STATE==4) II

(i_STATE==4) || (i_STATE==7) I

(i STATE==T7) || (i STATE==9)) );

(i_STATE==9); always @(posedge i_CLK or negedge i_RSTn)
always @(posedge i_CLK or negedge i_RSTn) begin

begin if(~i_RSTn)

if~i_RSTn) r_count_ADDRESS_0 <= 0;

r_Hold_Data_RAM_0 <= 0; else if (o_NEXT_Layer||test_done)

else if (w_en_HoldData_RAMO) r_count_ADDRESS_0 <= 0;

begin else iflen_Address_Counter)

if (o_EN_WRITE_RAMO) r_count_ADDRESS 0 <=r_count ADDRESS 0 + 1;
r_Hold_Data_RAM_0 <=0; end

else if ( (i_LOADZREG)&E&(r_count_slot==0) ) always @(i_STATE)

r_Hold_Data_RAM_0[63:48] <= i_FF_ANSWER; begin

else if ( (i_LOAD2REG)&&(r_count_slot==1)) case (i_STATE)

r_Hold_Data_RAM_0[47:32] <= i_FF_ANSWER; 0 :mux_Addr_Ram_0 <= 208;

else if ( (i_LOAD2REG)&&r_count_slot==2) ) 1 :mux_Addr_Ram_0 <= 216;

r_Hold_Data_RAM_0[31:16] <= i_FF_ANSWER; 2 :mux_Addr_Ram_0 <= 232,

else if ( (i_LOAD2REG)&&(r_count_slot==3)) 3 :mux_Addr_Ram_0 <= 0;
r_Hold_Data_RAM_D[15:0] <= i_FF_ANSWER; 4 :mux_Addr_Ram_0 <= 240;

end 5  :mux_Addr_Ram_0 <= 0;

else if (w_Rapid_HoldData_RAMO) 6 :mux_Addr_Ram_0 <= 0;
r_Hold_Data_RAM_0 <=1 BACKWARD; 7 :mux_Addr_Ram_0 <= 504;

end 8 : mux_Addr_Ram_0 <= 6904;

" Reserve Reg slot 9 : mux_Addr_Ram_0 <= 248;

always @(posedge i_CLK or negedge i_RSTn) default : mux_Addr_Ram_0 <= 0;

begin endcase

if(~i_RSTn) end

r_Reserve_Data <= 0; always @(posedge i_CLK or negedge i_RSTn)
else if (r_WRen_State 1) begin

r_Reserve_Data <= 0; if(~i_RSTn)

else if ( (i_LOADZREG)&R(r_count_slot==0)) r_delay CNT_ADDR 0 <= 0;
r_Reserve_Datal63:48) <= i_FF_DELTA; else

else if ( (i_LOAD2REG)&&(r_count_slot==1) ) r_delay CNT_ADDR_0 <= r_count_ADDRESS_0;
r_Reserve_Datald7:32] <= i_FF_DELTA; end

else if ( (i_LOAD2ZREG)&&(r_count_slot==2) ) assign Pre_Addr_RAM_1 = r_count_ADDRESS_0 +
r_Reserve_Data[31:16] <= i_FF_DELTA; mux_Addr_Ram_0;

else if ( (i_LOADZREG)&&(r_count_slot==3) ) assign Pre_Stack_Addr = r_delay CNT_ADDR_0 + 224;
r_Reserve_Data[15:0] <= i FF_DELTA; //addr 224

end assign o_ADDRESS_RAMO = (r_WRen_State_1==1)?

Pre_Stack_Addr : Pre_Addr_RAM_1;



I Write Enable Ram0

always @(i_STATE or PRE_en_WRITE or

r_EN_PROCESS Delay_2)

begin

case (i_STATE)

0 :0_EN_WRITE_RAMO <= PRE_en_WRITE;

1 :o_EN_WRITE_RAMO <= PRE_en WRITE;
:0_EN_WRITE_RAMO <= r_EN_PROCESS Delay _2;
: 0_EN_WRITE_RAMO <= 0;

:o_EN_WRITE_RAMO <= r_EN_PROCESS_Delay_2;
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: 0_EN_WRITE_RAMO <= 0;

6 :0_EN_WRITE_RAMO <= 0;

7 :0_EN_WRITE_RAMO <= 0; //r_EN_PROCESS_Delay 2
8 :o_EN_WRITE_RAMO <= 0;

9 : 0_EN_WRITE_RAMO <= Q; //r_EN_PROCESS Delay 2
default : o_EN_WRITE_RAMO <= 0;

endcase

end

/4 _ Writer 2

assign w_en_HoldData_RAM1 = w_en_HoldData_RAMO;
assign w_Rapid_HoldData_RAM1 = (i_STATE==3) ||
(i_STATE==5) ||

(i STATE==6) |

(i STATE==g);

always @(posedge i CLK or negedge i RSTn)
begin

if(~i_RSTn)

r_Hold_Data_RAM_1 <= 0,

else if (w_en_HoldData_RAM1)

begin

if (0_EN_WRITE_RAMO)

r_Hold_Data_RAM_1 <= 0;

else if ( (i_LOAD2REG)&&{r_count_slot==0) )
r_Hold _Data_RAM_1[63:48] <= i_FF_PRESIG;
else if ( (i_LOAD2REG)&&(r_count_slot==1) )
r Hold Data RAM 1[47:32] <= i FF_PRESIG;
else if { (i_LOAD2REG)&&(r_count_slot==2) )
r Hold Data RAM 1[31:16) <= i FF_PRESIG;
else if ( (i_LOADZREG)&&(r_count_slot==3) )
r_Hold_Data_RAM_1[15:0] <= i_FF_PRESIG;
end

else if (w_Rapid_HoldData_RAM1)
r_Hold_Data_RAM_1 <= i BACKWARD;

end

always @(i_STATE)

begin

case (i_STATE)

0 :mux_Addr_Ram_1 <= 6672,

—

:mux_Addr_Ram_1 <= 6680;
:mux_Addr_Ram_1 <= 6688;
1 mux_Addr_Ram_1 <= 6688;
:mux_Addr_Ram_1 <=0;

:mux_Addr_Ram_1 <= 6696;
:mux_Addr_Ram_1 <= 6704;
:mux_Addr_Ram_1 <= 0;

:mux_Addr_Ram_1 <= 6712;
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:mux_Addr_Ram_1 <= 0;

—
o

:mux_Addr_Ram_1 <= 6664,

—_
—

:mux_Addr_Ram_1 <= 6656;

—_
LS

:mux_Addr_Ram_1 <= 0;

13 :mux_Addr_Ram_1 <= 6400;

default : mux_Addr_Ram_1 <= 0;

endcase

end

assign en_Address_Counter_1 = (r_count_slot==4)
I

((r_EN_PROCESS Delay_2) &&

( (i_STATE==3) I

(i_STATE==6) ||

(i_STATE==8) II

(i STATE==10) I

(i_STATE==11) I

(i STATE==12) [

(i STATE==13))) I
((i_STATE==5)&&({r_delay_Load2Reg 5));
always @(posedge i_CLK or negedge i_RSTn)
begin

if(~i_RSTn)

r_delay_Load2Reg_5 <= 0;

else

r_delay Load2Reg_5 <= i LOADZREG_STATE_5;
end

always @(posedge i_CLK or negedge i_RSTn)
begin

if(~i_RSTn)

r_count_ADDRESS_1 <= 0;

else iflo_NEXT_Layer)

r_count_ADDRESS_1 <= 0;

else iften_Address_Counter_1)
r_count_ADDRESS_1 <=r_count_ADDRESS_1 + 1;
end

assign o_ADDRESS_RAMI =r_count ADDRESS_1 +
mux_Addr_Ram_1;

always @(i_STATE or r_Hold_Data_RAM_1 or
r_Hold_Data_RAM_2)

begin



case(i_STATE) r_Hold Data RAM_2 <= 0;

0 :0_OUTPUT_RAMI <= r_Hold Data RAM I; else if

1 1 0_OUTPUT_RAM1 <= r_Hold_Data_RAM_1; (w_Rapid_HoldData_RAMO||w_Rapid_HoldData_RAM!1|jw_Rapid
2 :0_OUTPUT_RAMI <= r_Hold_Data RAM 1; _HoldData RAM2)

3 :0_OUTPUT_RAMI <= r_Hold_Data RAM 1; r_Hold_Data_RAM_2 <= i TEMP_DATA;

4 :0_OUTPUT_RAMI <= r_Hold_Data RAM_1; end

5 :0_OUTPUT_RAM1 <=r_Hold Data_RAM_1; always @(i_STATE or r_Hold_Data_RAM 2)

6 :0_OUTPUT_RAMI <=r_Hold_Data_RAM_1; begin

7 :0_OUTPUT_RAM1 <= r_Hold_Data_RAM_1; case(i_STATE)

8 1 0_OUTPUT_RAM1 <=r_Hold_Data RAM_1; 4 10 _OUTPUT_RAM2 <= r_Hold_Data_RAM_2;
9  :0_OUTPUT_RAMI <= r_Hold_Data RAM 1; 6  :0_OUTPUT_RAM2 <=r Hold Data RAM 2;
10 :o OUTPUT_RAMI <= r_Hold_Data RAM 2; 7 0 OUTPUT RAMZ <= Hold_Data RAM Z;
11 :o_OUTPUT_RAMI <= r_Hold_Data_RAM 2, 9 :0_OUTPUT_RAM2 <= Hold Data RAM_2;
12 :o_OUTPUT_RAMI <= r_Hold Data_RAM 2; default : o OUTPUT_RAM2 <= 0;

13 :o_OUTPUT_RAMI1 <=r_Hold_Data_RAM_2; endcase

default : o_OUTPUT_RAM1 <= 0; end

endcase assign o_EN_WRITE_RAM2 =

end (i_STATE==4||i_STATE==6||i_STATE==7||i_STATE==9)?
always @(i_STATE or r_EN_PROCESS_Delay_2 or r_EN_PROCESS_Delay 2 : 0;

w_ready_2 write or r_delay_Load2Reg_5) always @(i_STATE or r_count_ADDRESS_0 or

begin r_count_ADDRESS_1)

case(i_STATE) begin

0 10 _EN_WRITE_RAMI <= w_ready 2 write; caseli_STATE)

1 :0_EN_WRITE_RAM1 <= w_ready 2 write; 4 :mux_counter <= r_count_ADDRESS_0;

2 :0_EN_WRITE_RAM1 <= w_ready 2 write; 6 1mux_counter <= r_count ADDRESS 1;

3 : 0_EN_WRITE_RAM1 <=r_EN_PROCESS Delay 2; T : mux_counter <= r_count_ADDRESS 0;

[ : 0_EN_WRITE_RAM1 <= 0; 9 mux_counter <= r_count_ADDRESS_0;

5 1 0_EN_WRITE_RAM1 <= r_delay_LoadZReg_5; default : mux_counter <= 0;

6 :0_EN_WRITE_RAM1 <=r_EN_PROCESS Delay_2; endcase

7 o EN_WRITE_RAMI1 <= 0; end

8 :0_EN_WRITE_RAM1 <=r_EN_PROCESS Delay_2; always @(i_STATE)

9 o EN_WRITE_RAMI <= 0; begin

10 :o_EN_WRITE_RAMI <= r_EN_PROCESS Delay 2; case (i_STATE)

11 :o_EN_WRITE_RAMI <= r_EN_PROCESS Delay 2; 4 :mux_Addr_Ram 2 <= (;

12 :o_EN_WRITE_RAMI <=r_EN_PROCESS Delay 2; 6 :mux_Addr_Ram_2 <= 8;

13 :o EN_WRITE_RAMI <= r_EN_PROCESS Delay 2; 7 :mux_Addr_Ram_2 <= 16;

default : o_EN_WRITE_RAM1 <= 0; 9 : mux_Addr_Ram_2 <= 6416;

endcase default : mux_Addr_Ram_2 <= 0;

end endcase

/" Copy Writer end

wire w_Rapid_HoldData_RAM2; assign o_ADDRESS_RAMZ = mux_Addr_Ram_2 + mux_counter;
assign w_Rapid_HoldData_RAMZ = (i_STATE==10))| assign Pre_NEXT 0 =

(i_STATE==11)| (i_STATE==0)&&(r_count_data==i_HIDDENnode)&&(c_EN_WRIT
(i STATE==12)|| E_RAMO);

(i_STATE==13); assign Pre_NEXT 1 =

always @(posedge i_CLK or negedge i_RSTn) (i_ STATE==1)&&{r_count_data==0)&&(r_WRen_State_1);
begin

ift~i_RSTn)



assign Pre_NEXT_2 =
(i_STATE==2)&&r_EN_PROCESS_Delay_1==0)&&(r_EN_PROCESS
_Delay_2==1);

assign Pre_NEXT 3 =
(i_STATE==3)&&{r_EN_PROCESS_Delay_1==0)&&{r_EN_PROCESS
_Delay_2==1);

assign Pre_NEXT_4 =
(i_STATE==4)&&(r_EN_PROCESS_Delay_1==0)2&{r_EN_PROCESS
_Delay 2==1);

assign Pre_NEXT 5 =
(i_STATE==5)&&(r_EN_PROCESS_Delay_1==0)&&(r_EN_PROCESS
_Delay 2==1);

assign Pre_NEXT_6 =
(i_STATE==6)&&{r_EN_PROCESS_Delay_1==0)&&(r_EN_PROCESS
_Delay 2==1);

assign Pre_NEXT 7 =
(i_STATE==T)&&r_EN_PROCESS_Delay_1==0)&&(r_EN_PROCESS
_Delay 2==1);

assign Pre_NEXT 8 =
(i_STATE==8)&&{r_EN_PROCESS_Delay_1==0)&&{r_EN_PROCESS
_Delay_2==1);

assign Pre NEXT_9 =
(i_STATE==9)&&(r_EN_PROCESS_Delay_1==0)&&(r_EN_PROCESS
_Delay 2==1);

assign Pre_NEXT_10 =
(i_STATE==10)&&r_EN_PROCESS_Delay_1==0)&&(r_EN_PROCES
S_Delay 2==1);

assign Pre_NEXT 11 =

(i_STATE==11)&&r EN_PROCESS_Delay 1==0)&&(r_EN_PROCES
S_Delay 2==1);

assign Pre_NEXT_12 =
(i_STATE==12)R&r_EN_PROCESS_Delay 1==0)8&r EN_PROCES
S_Delay 2==1);

assign Pre_ NEXT_13 =
(i_STATE==13)&&(r_EN_PROCESS_Delay_1==0)&&{r_EN_PROCES
S_Delay_2==1);

assign w_LEARN_NEXT _Layer =

Pre_NEXT_0||Pre_NEXT _1||Pre_NEXT_2||Pre_NEXT_3||Pre_NEXT
_A||Pre_NEXT_5||Pre_NEXT_6||Pre_NEXT_7||Pre_NEXT_8;

assign w_UPDATE_NEXT_Layer =
Pre_NEXT_0||Pre_NEXT_1||Pre_NEXT 2|
Pre_NEXT_3||Pre_NEXT_4||Pre_NEXT 5||
Pre_NEXT_6||Pre_NEXT_7||Pre_NEXT_8||
Pre_NEXT_9||Pre_NEXT_10||Pre_NEXT_11||

Pre_NEXT _12;

assign mux_NEXT_Layer = (i_CYCLE==i_numberCYCLE)?
w_UPDATE_NEXT_Layer : w_LEARN_NEXT_Layer;

assign w_TEST_NEXT_Layer = Pre_NEXT_0;
always @(i_MODE or mux_NEXT_Layer or
w_TEST_NEXT_Layer)
begin
case (i_MODE)
1:0 NEXT_Layer <= mux_NEXT _Layer;
2:0_NEXT_Layer <= w_TEST_NEXT_Layer;
default : o_NEXT_Layer <= 0;
endcase
end
assign mux_done = (i_CYCLE==i_numberCYCLE)? Pre_NEXT_13
: Pre_NEXT_9;
always @(i_MODE or mux_done or Pre_NEXT_1)
begin
case (i_MODE)
1 :test_done <= mux_done;
2 :test_done <= Pre_NEXT_1;
default : test_done <= 0;
endcase
end
endmodule
Comparator
module Comparator(
i CLK,
i RSTn,
i STATE,
i_ DONE,
i_LOADZREG,
i_FF_ANSWER,
o_OUTPUT_NCDE
%
input i CLK;
input i_RSTn;
input [3:0] i_STATE;
input i_DONE;
input i_LOADZREG;
input  [15:0] i_FF_ANSWER;
output [5:0) o OUTPUT NODE;
reg  [31:0] r_hold data;
reg  [5:0] r_position;
reg r_delay_load_0;
reg  [5:0] r_ANS_NODE;
reg  [5:0] r ANS;
wire w_more_compare;
wire w_start_pulse;

wire  [5:0] o_OUTPUT_NODE;



assign w_more_compare = (r_hold_data[31:16] <
r_hold_data[15:0))? 1 : 0;

always @(posedge i_CLK or negedge i_RSTn)
begin

ifl~i_RSTn)

r_delay load 0<=0;

else if (i_DONE)

r_delay_load 0 <= (;

else if (i_STATE==18&&i_LOAD2REG)
r_delay_load_0 <= i_LOAD2REG;

end

assign w_start_pulse = ( (i_LOADZREG)&&{~r_delay_load_0) );
always @(posedge i_CLK or negedge i_RSTn)
begin

ifl~i_RSTr)

r_hold_data <= 0;

else ifli_ STATE==1)

begin

if (w_start_pulse)

r_hold_data[31:16] <=i_FF_ANSWER;

else if (i_LOAD2REG)

r_hold_data[15:0] <=i FF_ANSWER;

else if (w_more_compare)
r_hold_data[31:16] <= r_hold_data[15:0];
end

end

always @(posedge i_CLK or negedge i_RSTn)
begin

if(~i_RSTn)

r_ANS_NODE <= 0;

else if (w_start_pulse)

r_ANS_NODE <= 0;

else if (i_STATE==1&&i_LOAD2REG)
r_ANS_NODE <=r_ANS_NODE + 1;

end

always @(posedge i_CLK or negedge i_RSTn)
begin

if(~_RSTn)

r_ANS <= 0;

else if (w_start_pulse)

I_ANS <= 0;

else if (i_STATE==1&&w_more_compare)
r_ANS <= r_ANS_NODE;

end

assign o_OUTPUT_NODE = r_ANS;

endmodule





