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open(FH, "@ARGV[0]");
$i=0;
#IN), AU, BB, FTOMIE
while ($line = <FH>) {

$line =~ s/,/ /g;

$line =~ s/¥t/ /g;

$line =~ s/¥:/ : /g;

$line =~ s/ +//g;

chomp($line);

@instruction = split(/ +/, $line);
if (@instruction[1] eq ":") {
$labels {@instruction[0]} = $i;
j

$it++;

}

close(FH);

open(FH, "@ARGV[0]");
$i=0;

while ($line = <FH>) {

# print("$i : ");

$line =~ s/,/ /g;

$line =~ s/¥t+/ /g;

$line =~ s/¥:/ : /g;

$line =~ s/~ +//g;

# print($line);
chomp($line);
@instruction = split(/ +/, $line);

if (@instruction[1]eq™:") {# SRNILDHDITET 1« —IL FIZHET S

$op = @instruction[2];
$f2 = @instruction[3];
$f3 = @instruction[4];
$f4 = @instruction[5];
$f5 = @instruction[6]
h

b

KR



else (# IRILDGEWNTET 4 —IL KRBT S
$op = @instruction[0];

$f2 = @instruction[1]
$f3 = @instruction[2]
$f4 = @instruction[3];
$f5 = @instruction[4]

b

b

b

}
#HEWEDOH N

}

if (Sop eq "add"){p_b(6,0); p_r3($£2, $£3, $f4); p_b(11,0);print("¥n");}

elsif (Sop eq "addi") {p_b(6,1); p_r2i($12, $£3); p_b(16, $4);print("¥n");}

elsif ($op eq "sub"){p_b(6,0); p_r3($£2, $£3, $f4); p_b(11, 2); print("¥n");}

elsif (Sop eq "lui") {p_b(6,3); p_r2i($£2, "r0"); p_b(16, $£3);print("¥n");}

elsif ($op eq "and"){p_b(6,0); p_r3($f2, $f3, $f4); p_b(11, 8); print("¥n");}

elsif ($op eq "andi") {p_b(6,4); p_r2i($12, $£3); p_b(16, $f4);print("¥n");}

elsif ($op eq "or"){p_b(6,0); p_r3($£2, $£3, $f4); p_b(11,9);print("¥n");}

elsif ($op eq "ori"){p_b(6,5); p_r2i($12, $13); p_b(16, $f4);print("¥n");}

elsif ($op eq "xor"){p_b(6,0); p_r3($2, $13, $4); p_b(11,10);print("¥n");}

elsif ($op eq "xori"){p_b(6,6); p_r2i($12, $£3); p_b(16, ${4);print("¥n");}

elsif (Sop eq "nor"){p_b(6,0); p_r3($f2, $£3, $f4); p_b(11,11);print("¥n");}

elsif ($op eq "slI"){p_b(6,0); p_r3($f2, $£3, "r0"); p_b(5, $f4); p_b(6,16);print("¥n");}
elsif ($op eq "sr1"){p_b(6,0); p_r3($£2, $3, "r0"); p_b(5, $f4); p_b(6,17);print("¥n");}
elsif ($op eq "sra"){p_b(6,0); p_r3($f2, $13, "r0"); p_b(5, $4); p_b(6,18);print("¥n");}
elsif (Sop eq "Iw"){p_b(6,16); p_r2i($12, base($£3)); p_b(16, dpl($£3));print("¥n");}
elsif (Sop eq "lh"){p_b(6,18); p_r2i($12, base($£3)); p_b(16, dpl($£3));print("¥n");}

elsif (Sop eq "Ib"){p_b(6,20); p_r2i($12, base($£3)); p_b(16, dpl($£3));print("¥n");}

elsif (Sop eq "sw"){p_b(6,24); p_r2i($f2, base($13)); p_b(16, dpl($f3));print("¥n");}
elsif (Sop eq "sh"){p_b(6,26); p_r2i($12, base($£3)); p_b(16, dpl($£3));print("¥n");}

elsif (Sop eq "sb") {p_b(6,28); p r2i($12, base($£3)); p_b(16, dpl($£3));print("¥n");}

elsif ($op eq "beq") {p_b(6,32); p_12b($2, $f3); p_b(16, Slabels{$f4}-$i-1);print("¥n");}
elsif (Sop eq "bne") {p_b(6,33); p_12b($2, $3); p_b(16, Slabels{$f4}-$i-1);print("¥n");}
elsif ($op eq "blt") {p_b(6,34); p_r2b($2, $£3); p_b(16, $labels{$f4}-$i-1);print("¥n");}
elsif ($op eq "ble") {p_b(6,35); p_r2b($£2, ${3); p_b(16, $labels{$f4}-$i-1);print("¥n");}
elsif ($op eq "j") {p_b(6,40); p_b(26, $labels{$f2});print("¥n");}

elsif ($op eq "jal"){p_b(6, 41); p_b(26, $labels{$2});print("¥n");}

elsif (Sop eq "jr"){p_b(6, 42); p_r3("r0", $£2, "r0"); p_b(11, 0);print("¥n");}

else {print("ERROR: Illegal Instruction¥n");}

$i++;

close(FH);



subp b{# $numZ2HEZSdigits|ZEH L TH B

($digits, $num) = @_;

if ($num >=0) {

printf("%0".$digits."b_", $num);

} else {

print(substr(sprintf(“%b ”, $num), 32-$digits)); # 64Ew FOSD & EF L, 32> 64
}

}

subp r3{# REDLIORFFEMEHN
($rd, S$rs, $rt) = @_;

$rs =~ s/r//; p_b(5, $rs);

$rt =~ s/r//; p_b(5, $rt);

$rd =~ s/r//; p_b(5, $rd);

H
subp rRi{# EOLIRIBFMHMZLED
($rt, $r8) = @_;

$rs =~ s/t//; p_b(5, $rs);
$rt =~ s/r//; p_b(5, $rt);

H
subp r2b{# FHDUETLERTHL X4 FMEZL A
(8rs, $rt) = @_;

$rs =~ s/r//; p_b(5, $rs);
$rt =~ s/r//; p_b(5, $rt);

}
subbase{# N—RAF7 RKLALTRADEMZRT
($addr) = @_;

Saddr =~ s/.*¥(//;
$addr =~ s/¥)//;

return($addr);

h

sub dpl{# ZHL %R
($addr) = @_;

$addr =~ s/¥(.*¥)//;
return($addr);

}
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input CLK, RD, DATA_IN;
input [31:0] DBUS_IN;
output DATA_OUT;

output [31:0] DBUS_OUT;
inout CTL;

inout [31:0] DBUS_INOUT;
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wire SIGNALIZ;
wire [31:0] DBUS;
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parameter ONE = 8'h00000001;
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m assignX: HHfLGHHE MK m alwaysX: FIZJERF[EIFRDERE
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s function: FEFE-oT-RHEREEK
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endfunction
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s caseX:3AMRLLED DK
case ()
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52 W= VR W "4
default: X

endcase
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ao b 451l
s 32EYRL RS

module register32 (CLK, RD, DI, DO) ;
input CLK, RD;

input [31:0] DI;

output [31:0] DO;

reg [31:0] DO;

always @ (negedge RD or posedge CLK)

begin
if (RD ==1'h0) DO <= 32'h00000000;
else DO <= Dil;
end
endmodule

AVEA—3T—FTIF¥ RA-RH+
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My TEDA

module computer();

endmodule

module fetch();

endmodule

module decode();

endmodule;

module execute();

endmodule;

module writeback();

endmodule;

module register_file();

endmodule;
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S I vFER

module fetch (pc, ins) ;

input [31:0] pc;

output [31:0] ins;

reg [31:0] ins_mem [0:255];

assign ins = ins_mem [pc] ;

endmodule

7668587y FE

BT —%FOF ¥ R



’TT nB

module execute (clk, ins, pc, regl, reg2, wra, result, nextpc) ;
input clk; input [31:0] ins, pc, regl, reg2;
output[4:0] wra; output[31:0] result, nextpc;
wire [5:0] op; wire [4:0] shift, operation; wire [25:0] addr;
wire [31:0] dpl_imm, operand?, alu_result, nonbranch, branch, mem_address, dm r data;  wire [3:0] wren;

function [4:0] opr_gen;
function [31:0] alu;
function [31:0] calc;
function [31:0] npc;
function [4:0] wreg;
function [3:0] wrengen;

assign op = ins[31:261; assign shift = ins [10:6]; assign operation = ins[4:0]; assign dpl_imm = { {16 {ins[15]}}, ins[15:0]}
assign operand2 = (op == 6'd0) ? reg2: dpl_imm; assign alu_result = alu (opr_gen (op, operation) , shift, regl, operand2) ;
assign mem_address = (regl + dpl_imm) >>> 2; assign wren = wrengen (op) ;
data_mem data_mem_body0 (mem_address[7:0], clk, reg2[7:0], wren[0], dm_r data[7:0]);
data_mem data_mem_bodyl (mem_address[7:0], clk, reg2[15:8], wren[1], dm_r_data[15:8]);
data_mem data_mem_body2 (mem_address[7:0], clk, reg2[23:16], wren[2], dm r data[23:16]);
data_mem data_mem_body3 (mem_address[7:0], clk, reg2[31:24], wren[3], dm_r data[31:24]);
assign wra = wreg (op, ins[20:16], ins[15:11]) ; assign result = calc (op, alu_result, dpl_imm, dm_r data, pc) ;
assign addr = ins[25:01; assign nonbranch = pc+32'd1; assign branch = nonbranch + dpl_imm;
assign nextpc = npc (op, regl, reg2, branch, nonbranch, addr) ;
endmodule  // end of execute

AV AR —XFHF v 78 FEITH




ARL— a3 DAERL

function [4:0] opr gen;

input [5:0] op;

input [4:0] operation;

case (op)
6'd0: opr_gen = operation;
6'd1: opr_gen = 5'd0;
6'd4: opr_gen = 5'dS;
6'd5: opr_gen = 5'd9;
6'd6: opr gen = 5'd10;
default: opr gen = 5'hlf;

endcase
endfunction

AVEA—3T—FTIF¥ RA-RH+



alu

function [31:0] alu;
input [4:0] opr, shift;
input [31:0] operand1, operand2;
case (opr)
5'd0: alu = operandl + operand?2;
5'd1: alu = operand1 - operand2;
5'd8: alu = operand1 & operand?2;
5'd9: alu = operandl | operand2;
5'd10: alu = operand1 * operand?2;
5'd11: alu = ~ (operand1 & operand?2);
5'd16: alu = operand1 << shift;
5'd17: alu = operand1 >> shift;
5'd18: alu = operand1 >>> shift;
default: alu = 32'hfffffftT;
endcase
endfunction
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calc

function [31:0] calc;
input [5:0] op;
input [31:0] alu_result, dpl 1imm, dm r data, pc;
case (op)
6'd0, 6'd1, 6'd4, 6'd5, 6'd6: calc = alu_result;
6'd3: calc = dpl imm << 16;
6'd16: calc = dm r data;
6'd18: calc = {{16{dm r data[15]}}, dm r data[15:0]};
6'd20: calc = {{24{dm r data[7]}}, dm r data[7:0]};
6'd41: calc = pc+32'd1;
default: calc = 32'hfffftftt;
endcase
endfunction

. _ 3
AU 1— AT —XTHF ¥ AR



npc

function [31:0] npc;
input [5:0] op;
input [31:0] regl, reg2, branch, nonbranch, addr;
case (op)
6'd32: npc = (regl ==reg2)? branch : nonbranch;
6'd33: npc = (regl !=reg2)? branch : nonbranch;
6'd34: npc = (regl <reg2)? branch : nonbranch;
6'd35: npc = (regl <=reg2)? branch : nonbranch;
6'd40, 6'd41: npc = addr;
6'd42: npc = regl;
default: npc = nonbranch;
endcase
endfunction
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wreg

function [4:0] wreg;
input [5:0] op;
input [4:0] rt, rd;
case (op)
6'd0: wreg = rd;
6‘dl, 6°d3, 6°d4, 6°d5, 6°d6, 6'd16, 6'd18, 6'd20: wreg = rt;
6'd41: wreg = 5'd31;
default: wreg = 5'd0;
endcase
endfunction
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wrengen

function [3:0] wrengen;

input [5:0] op;

case (op)
6'd24: wrengen = 4'b0000;
6'd26: wrengen = 4'b1100;
6'd28: wrengen = 4'b1110;
default: wrengen =4'b1111;
endcase

endfunction
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module data_mem (address, clk, write_data, wren, read_data) ;
input [7:0] address;
input clk, wren;
input [7:0] write_data;
output [7:0] read_data;
reg [7:0] d_mem[0:255];

always @ (posedge clk)
if (wren==0) d_mem/[address] <= write_data;

assign read_data = d_mem [address] ;

endmodule
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module writeback (clk, rstd, nextpc, pc) ;

input clk, rstd;

input [31:0] nextpc;

output [31:0] pc;

reg [31:0] pc;

always @ (negedge rstd or posedge clk)

begin

if (rstd ==0) pc <= 32'h00000000;
else if (clk ==1) pc <= nextpc;

end

endmodule
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module reg_file (clk, rstd, wr, ral, ra2, wa, wren, rrl, rr2) ;
input clk, rstd, wren;
input [31:0] wr;
input [4:0] ral, ra2, wa;
output [31:0] rr1, rr2;
reg [31:0] rf [0:31];

assign rrl = rf[rall;
assign rr2 = rf[ra2];
always @ (negedge rstd or posedge clk)
if (rstd ==0) rf[0] <= 32'h00000000;

else if (wren ==0) rflwa] <= wr;

endmodule
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module computer (clk, rstd) ;
input clk, rstd,;
wire [31:0] pc, ins, regl,reg2, result, nextpc;
wire [4:0] wra;
wire [3:0] wren;
fetch fetch_body (pc[7:0], ins) ;
execute execute_body (clk, ins, pc, regl, reg2, wra, result, nextpc) ;

writeback writeback _body (clk, rstd, nextpc, pc) ;
reg_file rf_body (clk, rstd, result, ins[25:21], ins[20:16], wra, (~| wra), regl, reg2) ;

endmodule
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