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Tabanua MCTUHHOCTU OCHOBHOTO
aewinppaTtopa ¢ noaaepkkom addi

Komanpa Opcode RegWrite RegDst ALUSrc Branch MemWrite MemtoReg ALUOp

'{frnaa”gb' 000000 1 1 0 0 0 0 10
lw 100011 1 0 1 0 0 1 00

sw 101011 0 X 1 0 1 X 00
beq 000100 O X 0 1 0 X 01
addi 001000 1 0 1 0 0 0 00
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Tabanua MCTUHHOCTU OCHOBHOTO
aewmndpaTopa ¢ NoAAEPHKKON |

KomaHpa Opcode RegWrite RegDst ALUSrc Branch MemWrite MemtoReg ALUOp Jump

K%'}I"naa”ﬁb' 000000 1 1 0 0 0 0 10 0
lw 100011 1 0 1 0 0 1 00 0

sw 101011 O X 1 0 1 X 00 0
beq 000100 0 X 0 1 0 X 01 0
addi 001000 1 0 1 0 0 0 00 0

j 000010 O X X X 0 X XX 1
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Moaynb BepxHero ypoBHA

imodule top(
input logic clk, reset,
output logic [31:0] writedata, dataadr,
output loglic memwrite

) i

logic [31:0] pc, 1instr, readdata;

mips mips (clk, reset, pc, 1nstr, memwrite, dataadr,
writedata, readdata):;

imem 1mem(pc[7:2], 1nstr);
dmem dmem(clk, memwrite, dataadr, writedata, readdata):

endmodule



[TaMATb MHCTPYKLUUM

module imem(
input logic [5:0] a,
output logic [31:0] rd
) i
logic [31:0] RAM[&3:0];

initial
Sreadmemh ("memfile.dat™

assign rd = RAM[a];

endmodule



O3Y

module dmem (
input logic clk, we,
input logic [31:0] a, wd,
output logic [31:0] rd
) 7

logic [31:0] RAM[63:0];
assign rd = RAM[a[31:2]];

always ff @(posedge clk)
if (we) RAM[a[31:2]] <= wd;

epdmodule



Moaynb npoueccopa

Imodule mips (
input logic clk, reset,
output logic [31:0] pc,

input logic [31:0] instr,
output logic memwrite,
output logic [31:0] aluout, writedata,

input logic [31:0] readdata
) i

logic memtoreg, alusrc, regdst, regwrite, jump, pcsrc, Zero;

logic [Z2:0] alucontrol;
controller cf
instr[31:2¢], instr[5:0], zero, memtoreg, memwrite, pcsrc,

alusrc, regdst, regwrite, jump, alucontrol);
datapath dp(

clk, reset, memtoreqg, pcsrc, alusrc, regdst, regwrite, jump,
alucontrol, zero, pc, 1nstr, aluout, writedata, readdata);

endmodule



YnpaasatoLlee YyCTPOUCTBO

module controller(
input logic [5:0] op, funct,
input logic zero,
output logic memtoreg, memwrite,
output logic pcsrc, alusrc,
output logic regdst, regwrite,
output logic Jjump,
output logic [Z:0] alucontrol

) :

logic [1:0] aluop;
logic branch;

maindec md(op, memtoreg, memwrite, branch, alusrc,
regdst, regwrite, jump, aluop):;

aludec ad(funct, aluop, alucontrol):
asslgn pcsrc = branch & zero;

endmodule



[NaBHbIV AeWNPPATOP

Imodule maindec
input logic [5:0] op,
output logic memtoreg, memwrite,
output logic branch, alusrc,
output logic regdst, regwrite,
output logic jump,
output logic [1:0] aluop
) i

logic [8:0] controls;

asslign {regwrite, regdst, alusrc, branch, memwrite,
memtoreq, jump, aluop} = controls;

always comb

case (op)
&'b000000: controls <= 9'b110000010; // RTYPE
&€'pl100011: controls <= 9'pL101001000; // LW
6'"©101011: controls <= S'b0O01010000; // SW
€'b000100: controls <= 9'L000100001; // BEQ
&'b001000: controls <= 9'bl101000000; f/ ADDI
&€'b000010: controls <= S'bL0O0O0000O100; /f/ J
default: controls <= 9'bxxxxxxxxx; // 1llegal op

endcase

endmodule



[Newmndpatop A/TY

Imodule aludec(
input logic [5:0] funct,
input logic [1:0] aluop,
output logic [2:0] alucontrol
) i

always comb
case (aluop)
2'hb00: alucontrol <= 3'b010; // add (for lw/sw/addil)
2'p01: alucontrol <= 3'bl10; // sub (for beq)
default:
case (funct) // R-type instructions
e'b100000: alucontrol <= 3'b010; // add
e'b100010: alucontrol <= 3'bll10; // sub
e'"pl100100: alucontreol <= 3'b0O00; // and
¢'b100101: alucontrel <= 3'kO01; // or
e'b101010: alucontrol <= 3'k111; // slt
default: alucontrol <= 3'bxxx; // 72772
endcase
endcase
endmodule



input logic clk, reset,

input logic memtoreqg, pcsrc,
input logic alusrc, regdst,
input logic regwrite, jump,
input logic [2:0] alucontrol,
output logic zero,

output logic [31:0] pc,

input logic [31:0] instr,
output logic [31:0] aluout, writedats,
input logic [31:0] readdata
)i

logic [4:0] writereg;

logic [31:0] pcnext, pcnextbr, pcplusd4, pcbranch;
logic [31:0] signimm, signimmsh;

logic [31:0] srca, srcb;

logic [31:0] result;

// next PC logic
flopr #(32) pcreg(clk, reset, pcnext, pc):

adder pcaddl (pc, 32'b1l00, pcplusd);
512 immsh (signimm, signimmsh) ;
adder pcadd2 (pcplusd, signimmsh, pcbranch);

mux2 #(32) pcbrmux(pcplusd, pcbranch, pcsrc, pcnextbr);
mux2 #(32) pcmux(pcnextbr, {pcplusd4[31:28], instr[25:0], 2'b00}, jump, pcnext):

// register file logic

regfile rf(clk, regwrite, instr([25:21], instr([20:1€], writereqg, result, srca, writedata):
muxz2 #(5) wrmux (instr[20:16], 1nstr([l5:11], regdst, writereq):

mux2 #(32) resmux(aluout, readdata, memtoreqg, result);

signext se(instr[15:0], signimm) ;

// BALU logic
mux2 #(32) srcbmux(writedata, signimm, alusrc, srcb);
alu #(32) alu(srca, srcb, alucontrol, aluout, zero):



dann perncTpos

Imodule regfile(
input logic clk,
input logic we3,
input logic [i II] ral, raz, wa3,
input logic [3 ] wd3,
output logic [31 0] rdl, rdz
) i

logic [31:0] rf[31:0]:

always ff @(posedge clk)
1f (we3) rflwa3] <= wd3;

assign rdl = (ral '= 0) 2 rf[ral]l : O;
assign rd2 = (raz != 0) ? rf[raz2] : 0;

endmodule



AJTY

module alu # (parameter WIDTH = 4) (
input logic [WIDTH-1:0] operandA, operandB,
input logic [2:0] funcsel,
output logic [WIDTH-1:0] result,
output logic zero

) ;

logic [WIDTH-1:0] maybeinvertedB;
assign maybeinvertedB = funcsel[Z] ? ~operandB : operandB;

logic [WIDTH-1:0] sum;
assign sum = operandA + maybeinvertedB + funcsel[2];

always comb
case (funcsel[1:0])
2'b00: result <= operandA & maybeinvertedB;
"bOl: result <= operandZA | maybeinvertedB;
2'bl0: result <= sum;
"mll: result <= {{WIDTH-1{1'bO}}, sum[WIDTH-1]}:
endcase

assign zero = (result == {(WIDTH{l1'bO}}) 2 1'bl : 1'bO ;

endmodule



module adder (

' t logi [31:0] , b,
Satput logic [31:0] v CymMmMaTop, CABUI BNEBO W
) 3HAKOBOE YBE/IMYEHME Pa3PAAHOCTM

assign y = a + b;
endmodule

module s512(
input logic [31:0] a,
output logic [31:0] y
)

// shift left by 2
assign y = {a[29:0], 2'b00};

endmodule

module signext(
input logic [15:0] a,
output logic [31:0] y
) i

assign y = [{l€{al[l5]1}}, al;

endmodule



module flopr # (parameter WIDTH = ©) (
input logic clk, reset,
input logic [WIDTH-1:0] d,
output logic [WIDTH-1:0] g
) i

always ff @(posedge clk, posedge reset)
if (reset)

q <= 0
else
q <= dr
endmodule
module muxZ # (parameter WIDTH = ©)
input logic [WIDTH-1:0] 40, dl,
input logic s,
output logic [WIDTH-1:0] vy

) i
assign y = s ? dl : dO;

endmodule

Pernctp n mynbTUnNaAeKcop



jnodule testbench() :

logic clk;

1 T wrteaace, dstasiss TecTtoBoe OKpyXeHune

logic memwrite;

// instantiate device to be tested
top dut (clk, reset, writedata, dataadr, memwrite);

// 1initialize test
initial begin

reset <= 1; # 22; reset <= 0;
end

// generate clock to sequence tests
always begin

clk <= 1; # 5; clk <= 0; #
end

-
F

(]

// check results
I always @(negedge clk) begin
I if (memwrite) begin

I if (dataadr === 84 & writedata === 7) begin

Sdisplay("Simulation succeeded");
Sstops

end else 1f (dataadr !== 20) begin
Sdisplay("Simulation failed"):
Sstop;

end

end

end

endmodule
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