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CPU Intel 1971 11 4004
108KHz 2300 30
Intel Pentium 3.06GHz
5500 20 CPU
[8]
1970 IC
1980 DRAM
1Chip
SoC System On Chip
LSI
VHDL VerilogHDL
VerilogHDL 1990 1995 12 IEEE1364
C
RTL
FPGA field programmable gate array
[1]
PI1CO16
16 RISC 16 I
R J 27 PICO SFL Structured
Functional Language NTT

PARTHENON Parallel Architecture Refiner
THEorized by Ntt Original Concept

[3]

PICO16 Verolog HDL

CAD VLSI

HDL
VLSI
NC-Verilog



Verilog-XL Design Compiler
HDL
HDL
2
3 PICO16

Design Compiler
PICO 16

NC-Verilog

RTL



HDL Hardware Description Language LSI

HDL VHDL VerilogHDL SFL Structured Functional Language
VHDL  Verilog HDL 2
&2 VHDL

LSI

& VerilogHDL

1995 IEEE1364
LSI
1 VerilogHDL
a ™
[EE=n e
b ﬂDﬂ J
cin :D sum

1

module fadder (a,b,cin,sum,cout);
input a,b,cin;
output sum,cout;

assign cout = (a&b)|(bé&cin)](a&cin);
assign sum = (a&~b&~cin)|(~a&b&~cin)|(~a&~b&cin)|(a&b&cin);

endmodule

2 VerilogHDL

VerilogHDL 1 1
input output assign



HDL

HDL
RTL Register Transfar Level HDL
FPGA Field Programmable Gate Array Chip
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PLD Programmable logic device LSI SPLD Simple
PLD CPLD Complex PLD FPGA Field Programmable Gate Array 3
SPLD CPLD EEEPROM
FPGA SRAM

FPGA
LSI
LSI FPGA
1971 11 Intel 4004
Intel Pentium
CPI
EX
CPI
PICO16
Intel
Pentium



VLIW
VLIW Very Long Instruction Word
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PICO16

PICO16
PICO16
FPGA
PICO16 [3]
#& |Load/Store register-register
& 16
&
PICO immediate
PICO
5 3 3 5
R OP Rd Rs funct
5 3 8
| OP Rd immediate
5 11
J OoP address
4 PICO
OP opcode
Rd destination Register
Rs source Register
Function functional code
Address Rd
PICO16 |
immidiate 8
R J



1 PICOl6

PICO16

27

00000ddd_sss00000 NOP

00000ddd_sss00001 MV S d
00000ddd_sss00010 AND d s AND d
00000ddd_sss00011 OR d s OR d
00000ddd_sss00100 XOR d s XOR d
00000ddd_sss00101 NOT s NOT d
00000ddd_sss00110 ADD d s d
00000ddd_sss00111 SUB d- s
00000ddd_sss01000 LD d
00000ddd_sss01001 ST d S
00000ddd_sss01100 SL s 1bit
00000ddd_sss01101 SR S bit
00110ddd_xxxxxxxx | ADDI d X d
00111ddd_xxxxxxxx | SUBI d- X d
00010ddd_xxxxxxxx | ANDI d X AND
00011ddd_XxXxXXXXX ORI d X OR d
00100ddd_xxxxxxxx [ XORI d X XOR d
11100ddd_XXXXXXXX LDLI X d 8bit
11101ddd_XXXXXXXX LDHI X d 8bit
01000ddd_uuuuuuuu [ JALR d
01001ddd_xxxxxxxx [ BNEZ dz 0
01010ddd_xxxxxxxx | BEQZ d=0
01011ddd_XXXXXXXX BMI d<0
01100ddd_XXXXXXXX BPL d?0

01107 XXXXXXXXXXX JAL

01110ddd_uuuuuuuu JR d

01117 XXXXXXXXXXX JMP




PICO
PICO16

prog_read
|

dbus

program ' pc
memory

mux]_sel
com
muxd_sel
ir[10:8] A
N reg_ L
ir[7:5] N E— \_b
reg req
mux?_sel
mar
h 4
data
mdr > memory
dmelm_req
5 PICO16
PICO16
2 PICO16
(pc)
(ir)
(reg_file)
(mar)
(mdr)
(data memory)
(program memory)
ALU(alu)
(mux)




PICO16

immediate
EX EX2 4
JAL EX2
4 EX 3
e |F
PC ir
== RF
Ir (10 8bit 7 5bhit)
(muxl mux2)
immidiate pc_add 8 16 8
0 7 5bit  immidiate
PC ALU ST
mdr
e EX
LD ST EX
ALU ir 4 O0Obit ALU (com)
dbus
Immidiate ir 15 1lbit ALU
pc_add LD
mar
pc
ases EX2
LD mar
ST mdr

10
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LD ST J JAL
IF
RF
EX
EX2
s
s pc

11




VerilogHDL PICO16
CAD
VLSI CAD

#e NC-verilog Verilog-XL

verilog NC-verilog
Verilog-XL
Verilog-XL
ASIC
NC-verilog  Verilog-XL NC-verilog RTL

#e DesignCompiler

Synopsys verilog NC-verilog
Design Compiler ASIC
6
e e = = = = =
|
| verilog HDL RTLL~) verilog HDL
- > B R e —

R LG T >Rk —3A FARE -
|

SHRH F ey 0
ILS1I3Y EIFEDEE{ L

| - —
| Design Compiler l !_
_______ |
| verilog HDL kLA
|| 7 —rLRILESE P szapesay [
|
L _— _ 01— _ _ _ _ _ __ _ _ _ NocVelirog]
6

12



VLSI
OS solaris NC-verilog

% ncverilog +access+r test_pattern.v logic_ description.v —s +gui

GUI
Mzl gator (AFFIrma MG Yerl |oz) o [ Cadence AFfIrma NG Verl log

Window  Select  Options Help | File Control Set Stww  Select Tools  Options
mgm Jﬁ:maiﬂﬁl > mngi‘ﬂ Cmpms_iﬁ
. i | T ,‘,| #rl|| Time: 0Fg .0
H HEWJI:U_tES‘ T

M * nodule new_pice_test;

pct b reg pet, elk;

wire [16:0] prog_addr prog_ount;
reg [15:0] prog;

wire prog read;

reg [15:0] wmeni[0:20]:

A wire [3:0] zhat;

wire [15:0] dnen_out dnen_in,data_addes
/ireg [15:0] dnen s
reg [15:0] men2[0:20];
Y] wire dnen_req;
. < i R - Aman nud = Fdmas vsr == AV wandldede sddnTe L& o
= = |
St:upu| nEws_pico_test j Substopes | ﬂ
| - |
|m::31n> zonrce [feplizoftware/LINI. 0/ toole/ inca/flles noainre ﬁ
i
=1 ]
| Ready | 4l
7 NC-Verilog
: A
navigator o
SignalscanWaves
verilogHDL

File  Edit

8 Signalscan Waves

13



NC-verilog  Signal Waves

Design Compiler Design Compiler

% design_analyser

Design Compiler GUI design_analyser
File - Read VerilogHDL
ASIC
Setup - Command Window ungroup —all
—flatten Edit

- Uniquify - Hierarchy

Attribute - Optimization Directives - Input port

Port is Pad Port Pad Attributes...
Exact Pad to Use Pad Name VZIBUF
Attribute - Optimization
Directives - Output port Pad Name VZOBUF
Edit - Insert Pads OK

Tools - Design Optimization

Part Mame:

Maseimum Fanouts I

Haximum Tranzition:

carry_out 7 Port is Pad Port Pad Attributes..,, |

sum

Connected to I Logic O I Logic 1

full_adder
Set Equal... | Set Opposite,.. |
Tezt Hold: As Is — |
& N I
[t Signal Type: Az Is - |
znt. Tlesigni full_adder Symbaol 4

Fort: carry_in - Port: b - Port: a Apply | Cancel |

14



Attributes - Optimization Constraints -

Timing Constraints Clock
Attributes - Clocks Clock
Tools -  Design
Optimization design_analyzer
10

Mew Attributes Analysiz Tools Edit Wiew Attributes Analysis Tools

e =

“carry_out

._adder shi o Dezigng full_adder Schematic
dect - Middle Button: Add/Modify Se stton: Select -  HMiddle Button: Add/Modify Select -  Right Button: Menu
10
PICO16 reg_fire muxl mux2
ALU mux3
#es reg_file

15



4 reg_fire
clk( ) clk
rst( ) clk
reg_req( )
reg_addri( )
ir 10 8bit
reg_addr2( ) ir
5bit
reg_in(16 )
reg_doutl(16 ) reg_addrl
reg_dout2(16 ) reg_addr2
&5 muxl
mux1 reg_fire reg_doutl pc
pc
5 muxl
mux1_sel(1 ) mux1_inl
mux1_in2
mux1_inl(16 )
reg_doutl
mux1_in2(16 ) pc
mux1l _out(16 ) mux1_sel
52 muUX2( )
mux2 reg_dout2 pc ir
mux1
pc

16




6 mux2

mux2_sel(1 ) mux2_inl
mux2_in2
mux2_inl1(16 )
reg_dout2
mux2_in2(16 ) pc immidiate
mux2_out(16 ) | mux2_sel
mux2_out mux2_in2 7
7 mux2_in
ir mux2_in2(16 )
LDLI ADDI SuUBI ir[7] 8 8 ir[7:0]
LDHI ir[7:0] 8 0
ANDI ORI XORI 8 0 ir[7:0]
JAL JMP 5 ir[10] 10 ir[10:0]
BPL BNEZ BEQzZ BMI| )
ir[7] 8 8 ir[7:0]
16 0001
IF
e ALU
muxl  mux2 ir opcode
RF pc EX
ir
8 ALU
com( ) opcode code
regl(16 ) mux1
reg2(16 ) mux2
alu_out(16 )

17




&5 MUxX3 3
alu LD
9 mux3
mux3_sel(1 ) mux3_inl
mux3_in2 LD
mux3_inl1(16 ) ALU alu_out
mux3_in2(16 ) LD
mux3_out(16 ) | mux3_sel
&5& PC
pc mux1
&5& program memory
pc prog_read ir
&5z dbus
mux3 pc pc
ALU dbus
ases ir
10 8bit 7 5bit reg_file
mux2
&5 mar
LD reg_file  reg_dout2
ST dbus

18



e mdr

ST reg_file reg_dout2

#e5 data memory

dmem_req ST mdr
dmem_req LD mar
mux3

19

mar

dmem_out
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PICO16

11 C
PICO16
1: void shell_sort(in a[], int n)
2: {
3: int h, i, j, t;
4:
5: for(th =1; h<n/9; h*3+1)
6: ;
7:
8: for( ; h>0; h=h/3){
9: for(l = h; 1 <n; i++ ){
10: j=i;
11: while (J >= h && a[j-h] > a[JD{
12: t = a[jl;
13: a[jl = a[j-hl;
14: alj-h] = t;
15: J=137?h;
16: }
17: }
18: }
19: }
11 C

C 5 PICO16 12

for 1 PICO16 18
//5:  for(h =1; h<n/9; h*3+1)
1: 11100000_00010100 //LDLI rl1 #20 n 20 ri1
2: 11100010_00000001 //LDLI r2 #1 h 1 r2
3: 11100101_00000000 //LDLI r5 #0 r5 0
4: 00111001_00001001 //SUBI rl #9 rt -9 - ril
5: 00110101_00000001 //ADDI r5 #1 r5+1 5 r5
6: 01100001_11111110 //BPL r1 #-2 ri1>0 4
7: 00111101_00000001 //SUBI r5 #1 r5-15r5
8: 01010101_00001010 //BEQZ r5 #10 r5=0 18
9: 11100100_00000010 //LDLI r4 #2 rd 2
10: 00000011_01000001 //MV  r3 r2 r2 r3
11: 00000010_01100110 //ADD r2 r3 r2+r3 - r2
12: 00111100_00000001 //SUBI r4 #1 ri -1 -5 r4
13: 01001100_11111110 //BNEZ r4 #-2 r4z 0 11
14: 00110010_00000001 //ADDI r2 #1 r2+1 - r2
15: 00000110_10100001 //MV  r6 r5 r5 ré
16: 00000110_01000111 //SUB r6 r2 ré - r2 - r6
17: 01100110_11110111 //BPL r6 #-8 r6>0 9
18: 00000111_01000001 //MV  r7 r2 r2 r7

12 C for PICO16

20

20



C PICO16 10

10 2
C PICO16
19 55
422 1436
11
5 CPI
LD ST
CPI
11
5 20 50
226 1436 5164
716 4574 16460
CPI 3.168 3.185 3.187
design_analyzer 12
12 PICO16
84 84
1486 796
763 671
13
13
38.98 ns 25.62 MHz

21



PICO16  VerilogHDL

VerilogHDL
VLSI
C PICO16
C
PICO 16 27 2
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PICO16
VLSI
C PICO16

FPGA
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PICO16  VerilogHDL
‘timescale 1ns/100ps

module
new_pico(rst,clk,prog_in,pc,prog_read,data_addr,mdr,dmem_out,dmem_req);

input rst, clk;
input [15:0] prog_in,dmem_out;
output dmem_req,prog_read;

output [15:0] pc,mdr,data_addr;

wire [15:0] reg_doutl, reg_dout2;

wire [15:0] dmem_out,reg_in,alu_out,
regl,reg2,data_addr,
regi,prog_in;

wire [15:0] mux2_inl,mux2_in2;

wire [3:0] com;

wire [2:0] addrl,reg_addrz;

wire rst, clk;

reg [15:0] pc,dbus,mar,mdr,ir;

reg [3:0] stat;

reg mux1_sel,mux2_sel,mux3_sel,
reg_req,dmem_req,prog_read;

parameter ROP = 5'b00000,
LDLI= 5'b11100,
LDHI= 5'b11101,
BNEZ= 5'b01001,
BEQZ= 5'b01010,
BMI = 5'b01011,
BPL = 5'b01100,
JR = 501110,
JMP = 5'b01111,
JAL = 5'b01101,
ADDI= 5'b00110,
SUBI= 5'b00111,
ANDI= 5'b00010,
ORI = 5'b00011,
XORI= 5'b00100,
HALT= 5b11111,

LD = 5'b01000,
ST = 5'pb01001,
SL = 5'b01100,
SR = 5'b01101;
parameter IF = 4'b0001,
RF = 4'b0010,
EX = 4'b0100,

26



EX2 = 4'b1000;
alulé alul(.ina(regl),
.inb(reg2),
.com(com),
y(alu_out));

reg_file regfl(.reg_addrl(reg_addrl),
.reg_addr2(reg_addr2),
.reg_in(reg_in),
.reg_doutl(reg_doutl),
.reg_dout2(reg_dout2),
.reg_req(reg_req),
.rst(rst),
.clk(clk));

mux1 mul(.muxl_inl(reg_doutl),
.mux1_in2(pc),
.mux1 out(regl),
.muxl_sel(mux1_sel));

mux2 mu2(.mux2_in1(mux2_in1l),
.mux2_in2(mux2_in2),
.mux2_out(reg?2),
.mux2_sel(mux2_sel));

mux3 mu3(.mux3_inl(alu_out),
.mux3_in2(dmem_out),
.mux3_out(regi),
.mux3_sel(mux3_sel));

assign com = ((ir[15:11] == ROP &&
ir[4:0] I= ST &&
ir[4:0] = LD) &&
rst ==0 &&
stat !=IF)? ir[3:0]:
((ir[15:11] == ADDI ||
ir[15:11] == SUBI ||
ir[15:11] == ANDI ||

ir[15:11] == ORI
ir[15:11] == XORI) &&
rst == 0 &&

stat = IF)? ir[14:11]:
(rst == 1)? 4'bx:
(stat == IF)? 4'b0110:
((ir[15:11] == BPL ||
ir[15:11] == BNEZ ||
ir[15:11] == BEQZ ||
ir[15:11] == BMI ||
ir[15:11] == JMP) &&
stat = IF)? 4'b0110:
((ir[15:11] == LDLI ||
ir[15:11] == LDHI ||
ir[15:11] == JAL) &&

27



stat !'=1F)? 4'b0001: 4'b0000;
assign mux2_inl = (rst == 0)? reg_dout2: 16'bx;

assign mux2_in2 = ((ir[15:11] == LDLI ||
ir[15:11] == ADDI ||
ir[15:11] == SUBI) &&
rst == 0 &&
stat = IF)?
{ir[70,ir[70,ic[7],ir[7],ir[7],ir[7], |r[7] ir[7],ir[7:0]}:
(ir[15:11] == LDHI
rst == 0 &&
stat !=1F)? {ir[7:0],8'h00}:
((ir[15:11] == ANDI ||

ir[15:11] == ORI ||
ir[15:11] == XORI) &&
rst == 0 &&

stat != IF)? {8'h00,ir[7:0]}:
(((ir[15:11] == BPL &&
reg_doutl[15] == 1'h0)||
(ir[15:11] == BNEZ &&
reg_doutl !'= 16'h0000) ||
(ir[15:11] == BEQZ &&
reg_doutl == 16'h0000) ||
(ir[15:11] == BMI &&
reg_doutl[15] == 1'bl)) &&
rst == 0 &&
stat = IF)?
{ir[70,ir[71,ic[7],ir[7],ir[7],ic[7],ir[7],ir[7],ir[7:0]}:
((ir[15:11] == JAL ||
ir[15:11] == JMP) &&
rst == 0 &&
stat = IF)?
{ir[10],ir[10],ir[20],ir[10],ir[10], |r[10 0]}:
(((ir[15:11] == BPL &
reg_doutl[15] = 1 b1) ||
(ir[15:11] == BNEZ &&
reg_doutl == 16'h0000) ||
(ir[15:11] == BEQZ &&
reg_doutl != 16'h0000) ||
(ir[15:11] == BMI &&
reg_doutl[15] != 1'b1)) ||
stat == IF)? 16'h0001: 16'bx;

assign reg_in = (rst == 0)? dbus: 16'bx;

assign data_addr = (ir[15:11] == ROP &&
irf4:0] == ST &&
rst == 0 && stat !'=IF)? regi:
(ir[15:11] == ROP &&
ir[4:0] == LD &&
rst == 0 && stat !'= IF)? mar:
16'bx;

28



assign reg_addrl = (rst == 0)? ir[10:8]: 3'bx;
assign reg_addr2 = (rst == 0)? ir[7:5]: 3'bx;
always @(posedge clk) begin [* STATE */
if(rst == 1) begin
stat <= 4'b0000;
end

if(stat == 4'b0000 && rst == 0) begin

stat <= IF,;
ir <= prog_in;
end

if(stat == IF && ir[15:11] == HALT && rst == 0) begin
stat <= 4'b1111;
end

if(stat == IF && ir[15:11] = HALT && rst == 0) begin
stat <= RF;
end

if(stat == RF && rst == 0) begin
stat <= EX;
end

if(stat == EX && rst ==0) begin
if((ir[15:11] == ROP && ir[4:0] == LD) ||
(ir[15:11] == ROP && ir[4:0] == ST) ||
ir[15:11] == JAL) begin
stat <= EX2;
end
else begin
stat <= IF,
ir <= prog_in;
end
end

if(stat == EX2 && rst ==0) begin
stat <= IF;
ir <= prog_in;
end
end

always @(negedge clk) /* REQUIRE */
begin

if(rst == 1) begin
pc <= 16'h0000;
prog_read <= 1'b0;
dmem_req <=1'b0;

29



end

if(stat == 4'b0000 &&
rst == 0) begin
mux2_sel <= 1'b0;
mux1_sel <=1'b0;
reg_req <=1'b0;
prog_read <= 1'b1l;
mux3_sel <=1'b1;
end

if(stat == IF && rst == 0 &&
(ir[15] == 0 || ir[15] == 1))
begin
prog_read <= 1'b0;
if(irf15:11] == ADDI ||
ir[15:11] == SUBI ||
ir[15:11] == ANDI ||
ir[15:11] == ORI ||
ir[15:11] == XORI ) begin
dbus <= regi;
mux2_sel <= 1'b0;
muxl_sel <= 1'bl;
end
else if(ir[15:11] == LDLI ||
ir[15:11] == LDHI ||
ir[15:11] == JAL) begin
dbus <= regi;
end
else if(ir[15:11] == ROP &&
ir[4:0] == LD) begin
dbus <= regi;
mux2_sel <= 1'b1;
muxl_sel <= 1'bl;
end

else if (ir[15:11] '= BPL &&
ir[15:11] '= BNEZ &&
ir[15:11] '= BEQZ &&
ir[15:11] '= BMI &&
ir[15:11] '= JIMP &&
ir[15:11] '= JR) begin
dbus <= regi;
mux2_sel <= 1'b1,;
muxl_sel <= 1'b1;
reg_req <= 1'b0;
end

end

30

[*IF stage*/



if(stat == RF && rst == 0) begin

if (ir[15:11] == BPL ||
ir[15:11] == BNEZ ||
ir[15:11] == BEQZ ||
ir[15:11] == BMI ||
ir[15:11] == JMP ||
ir[15:11] == JR) begin
dbus <= reqgi;
end
else if(ir[15:11] == JAL) begin
reg_req <= 1'b1;
end
else if(ir[15:11] == ADDI ||
ir[15:11] == SUBI ||
ir[15:11] == ANDI ||
ir[15:11] == ORI ||

ir[15:11] == XORI) begin

reg_req <= 1'b1;
pc <=dbus;
dbus <= regi;
end
else if(ir[15:11] == ROP &&
ir[4:0] == LD) begin
mux3_sel <= 1'b0;
dmem_req <= 1'b0;
mar <= reg_dout2;
pc <= dbus;
end
else if(ir[15:11] == ROP &&
ir[4:0] == ST) begin
mdr <= reg_dout2;
pc <= dbus;
end
else begin
pc <= dbus;
dbus <= regi;
reg_req <= 1'b1;
end
end // if (stat == RF)

if(stat == EX && rst == 0) begin
if(ir[15:11] == ROP) begin
if(ir[4:0] == LD ) begin
I/l pc <= dbus;
dbus <= reqi;
reg_req <= 1'b1,
end
else if(ir[4:0] == ST) begin
pc <= dbus;
dmem_req <= 1'b1;

31
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end
else begin
mux1_sel <= 1'b0;
mux2_sel <= 1'b0;
reg_req <= 1'b0;
prog_read <= 1'bl;
end
end
else if(ir[15:11] == ADDI ||
ir[15:11] == SUBI ||
ir[15:11] == ANDI ||
ir[15:11] == ORI ||
ir[15:11] == XORI)
begin
mux2_sel <= 1'b0;
mux1_sel <= 1'b0;
reg_req <= 1'b0;
prog_read <= 1'b1;
end
else if(ir[15:11] == BNEZ ||
ir[15:11] == BEQZ ||
ir[15:11] == JMP ||
ir[15:11] == JR ||
ir[15:11] == BPL ||
ir[15:11] == BMI)
begin
pc <= dbus;
mux1_sel <= 1'b0;
mux2_sel <= 1'b0;
prog_read <= 1'bl;
end
else if(ir[15:11] == JAL) begin
reg_req <= 1'b0;
dbus <= reqgi;
end
else if(ir[15:11] == LDLI ||
ir[15:11] == LDHI) begin
reg_req <= 1'b0;
prog_read <= 1'b1;
mux2_sel <= 1'b0;
mux1_sel <= 1'b0;
end
end //if (stat == EX && rst == 0)

if(stat == EX2 && rst == 0)begin [*EX2 stage*/

prog_read <= 1'b1;

if(ir[15:11] == ROP &&

ir[4:0] == LD) begin
mux2_sel <= 1'b0;
mux1_sel <= 1'b0;
mux3_sel <= 1'b1;

reg_req <= 1'b0;
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end
else if(ir[15:11] == ROP &&
ir[4:0] == ST) begin

dmem_req <= 1'b0;
mux1_sel <= 1'b0;
mux2_sel <= 1'b0;

end

else if(ir[15:11] == JAL) begin
mux1_sel <= 1'b0;
mux2_sel <= 1'b0;
reg_req <= 1'b0;
pc <= dbus;

end

end
end // always @ (negedge clk)

endmodule

module alul6(ina, inb, com, y);

input [15:0] ina, inb;
input [3:0] com;
output [15:0] y;

wire [15:0] ina, inb, y;
wire [3:0] com;

assign y = (com == 4'b0000)? ina:
(com == 4'p0001)? inb:
(com == 4'b0010)? ina & inb:
(com == 4'b0011)? ina | inb:
(com == 4'b0100)? ina ™ inb:
(com == 4'p0101)? ~inb:
(com == 4'p1100)? inb << 1:
(com == 4'p1101)? inb >> 1:
(com == 4'p0110)? ina + inb:
(com == 4'p0111)? ina - inb:16'bx;

endmodule

module mux3(mux3_in1,mux3_in2,mux3_out,mux3_sel);
input [15:0] mux3_inl,mux3_in2;
input mux3_sel,
output [15:0] mux3_out;

wire [15:0] mux3_out,mux3_in1,mux3_in2;
wire mux3_sel;

assign mux3_out = (mux3_sel == 1'b1)? mux3_inl:
(mux3_sel == 1'b0)? mux3_in2: 16'bx;
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endmodule // mux3

module mux2(mux2_inl,mux2_in2,mux2_out,mux2_sel);

input [15:0] mux2_in1,mux2_in2;
input mux2_sel,
output [15:0] mux2_out;

wire [15:0] mux2_out,mux2_inl,mux2_in2;
wire mux2_sel;

assign mux2_out = (mux2_sel == 1'b1)? mux2_inl:
(mux2_sel == 1'b0)? mux2_in2: 16'bx;

endmodule // mux2
module mux1(mux1_inl,mux1_in2,mux1l_out,muxl_sel);

input [15:0] mux1_inl,muxl1_in2;
input mux1_sel,
output [15:0] mux1_out;

wire [15:0] mux1_out,muxl_inl,muxl_in2;
wire muxl_sel;

assign mux1_out = (mux1l_sel ==1'b1)? mux1_inl:
(mux1_sel == 1'b0)? mux1_in2: 16'bx;

endmodule // mux1

module reg_file (reg_addrl, reg_addr2, reg_in, reg_doutl, reg_dout2,
reg_req,rst,clk);

input [2:0] reg_addrl, reg_addr2;
input [15:0] reg_in;

input reg_req,rst,clk;
output [15:0] reg_doutl, reg_dout2;

reg [15:0] registerO, registerl,
register2, register3,
register4, register5,
register6, register7,

wire reg_req,rst,clk;

wire [2:0] reg_addrl, reg_addr2;

wire [15:0] reg_doutl, reg_dout2,reg_in;

/I read req=0
assign reg_doutl = (reg_addrl == 3'b000 &&
reg_req == 0)? register0:
(reg_addrl == 3'b001 &&
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reg_req == 0)? registerl.:
(reg_addrl == 3'b010 &&
reg_req == 0)? register2:
(reg_addrl == 3'b011 &&
reg_req == 0)? register3:
(reg_addrl == 3'b100 &&
reg_req == 0)? register4:
(reg_addrl == 3'b101 &&
reg_req == 0)? registerb5:
(reg_addrl == 3'b110 &&
reg_req == 0)? register6:
(reg_addrl==3b111 &&
reg_req == 0)? register7:16'bx;

assign reg_dout2 = (reg_addr2 == 3'b000 &&
reg_req == 0)? register0:
(reg_addr2 == 3'b001 &&
reg_req == 0)? registerl.:
(reg_addr2 == 3'b010 &&
reg_req == 0)? register2:
(reg_addr2 == 3'b011 &&
reg_req == 0)? register3:
(reg_addr2 == 3'b100 &&
reg_req == 0)? register4:
(reg_addr2 == 3'b101 &&
reg_req == 0)? register5:
(reg_addr2 == 3'b110 &&
reg_req == 0)? register6:
(reg_addr2 == 3'b111 &&
reg_req == 0)? register7:16'bx;

/lwrite reg_req=1
always @(posedge clk)
begin
if(reg_req) begin
case (reg_addrl)
3'b000: register0 = reg_in;
3'b001: registerl = reg_in;
3'b010: register2 = reg_in;
3'b011: register3 = reg_in;
3'b100: register4 = reg_in;
3'b101: register5 = reg_in;
3'b110: register6 = reg_in;
3'b111: register7 =reg_in;
endcase // case(reg_addrl)
end

if(rst == 1) begin
register0 = 16'b00000000_00000000;
registerl = 16'b00000000_00000000;
register2 = 16'b00000000_00000000;
register3 = 16'b00000000_00000000;
register4 = 16'b00000000_00000000;
register5 = 16'b00000000_00000000;
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register6 = 16'b00000000_00000000;
register7 = 16'b00000000_00000000;

end
end

endmodule // reg_file

0:11100000_00010100
1:00000001_00000001
2:11100010_00000001
3:11100101_00000000
4:00111001_00001001
5:00110101_00000001
6:01100001_11111110
7:00111101_00000001
8:01010101_00001010
9:11100100_00000010
10:00000011_01000001
11:00000010_01100110
12:00111100_00000001
13:01001100_11111110
14:00110010_00000001
15:00000110_10100001
16:00000110_01000111
17:01100110_11110111
18:00000111_01000001
19:00000010_11100001
20:01010010_00100011
21:01111000_00001001
22:11100110_00000000
23:11100001_00000011
24:00000010_00100111
25:00110110_00000001
26:01100010_11111110
27:00111110_00000001
28:00000010_11000001
29:01100010_11110111
30:00000011_01000001
31:00000001_00000001
32:00000001_01100111
33:01011001_11110101
34:01010001_11110100
35:00000100_01100001
36:00000101_10000001
37:00000100_01000111
38:01011100_00001111
39:00000110_10101000
40:00000111_10001000

/ILDLI rO #20
/IMV 1 r0
/ILDLI r2 #1
/ILDLI r5 #0
/ISUBI r1,#9
/[ADDI r5 #1
/IBPL rl1,#-2
/[SUBI r5#1
IIBEQZ r5 #10
/ILDLI r4 #2
IIMV 1312
/IADD r2,r3
/ISUBI r4 #1
IBNEZ r4 #2
/IADDI r2 #1
IMV 16 r5
/ISUB 16,r2
//BPL r6,#-8
IIMV 17 12
IIMV 12 17
/IBEQZ r2 #35
[IIMP  #+9
//LDLI r6 #0
/ILDLI r1 #3
/ISUB r2,r1
/[ADDI r6 #1
/IBPI r2#-2
//ISUBI r6,#1
IIMV 12 16
/IBMI r2#-8
IIMV 1312
/IMV  rl1lr0
/ISUB rl r3
/IBMI rl1 #11
IBEQZ rl #-12
IIMV  r4 r3
/IMV 15 r4
/ISUB r4 r2
/IBMI r4 #15
IILD 6 (r5)
IILD 7 (r4)
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41:00000001_11100001
42:00000001_11000111
43:01011001_00001010
44:01010001_00001001
45:00000001_11000001
46:00000110_11100001
47:00000111_00100001
48:00000101_11001001
49:00000100_11101001
50:00000100_10100001
51:00000100_01000111
52:01111111 11110000

53:00110011_00000001
54:01111111_11101001

55:11111111 11111111

MV rlr7
/ISUB rl r6
/IBMI r1 #10
/IBEQZ rl #9
/IMV  rl r6
IIMV 16 r7
/IMV 17 rl
/IST (r5) r6
ST (rd) r7
/IMV 14 r5
/ISUB r4 r2
IIIMP #16
/[ADDI r3 #1
IIMP #23
IHALT
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