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Sample Verilog HDL code \3\&‘
\

« ACRi Room DY —/N\—[ZYE—,TRIMYTTAT AT B.
« /home/tu_kise/cld/lec7/ IZH 2T ILDaA—FNHSHD T, Ubuntu DF—ZF )L TR
DIAXEZEAALT, BADTALIR)IZOE—T 5.

« /home/tu_kise I automount D TA4LIR)EDT, 7OEALGWEI7AMILHRRZ
U, tabF—IZ LB BN IECEMELLG NN EABHAIDTEET 5.

$ cd
$ mkdir cld

$ cd cld
$ cp /home/tu _kise/cld/lec7/* .

« codelQ2v L Ial—ia>db=0HIZIF.
e JE—FTRIMYTTESHLT- Ubuntu DA—SFILTROATKEANTS.
« a7k iverilog TaAV/NAILLT, £FEENS aout EETT 5.

$ iverilog codel@2.v

$ ./a.out

~ ==
! 2
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N
RISC-V M 32Ewhk matyk RV32I
VAR A T yJ
RV 321 Base Instruction Set
imm[31:12 rd 0110111 LUI
imm[31:12 rd 0010111 AUIPC
fantra ataaian ant rd 1101111 JAL
inst[4:2] 000 001 010 011 100 101 110 111 njf - Hggéﬁ %%IQR
inst[6:5] (>32b) | @i 1wo0ir | BNE
00 LOAD LOAD-FP | customn-0 | MISC-MEM | OP-IMM | AUIPC OP-IMM-32 48b n[4:1[11 1100011 | BLT
01| STORE |STORE-FP | custom-1 AMO OP LUI OP-32 64p | 2TITL L LOOOL | BST.
10 :W.A.DD P‘-].S UuB NPU‘:[S[_;B NP\'IADD OP—FP T‘{isem'ed. cu.stom—?frtrﬂ?,g 48b I: 4;1 11 1100011 BGEU
11 | BRANCH JALR reserved JAL SYSTEM | reserved | custom-3/rvi28 | = 80b rd 0000011 | LB
rd 0000011 LH
rd 0000011 LW
Table 24.1: RISC-V base opcode map, inst[1:0]= o 0000011 | LBU
ey - - rd 0000011 LHU
imm|[11:5 152 rsl 000 imm|[4:0 0100011 SB
imm|11:5 152 rsl 001 imm|4:() 0100011 SH
imm|11:5 182 rsl 010 imm|4:0 0100011 SW
imm|11:0 rsl 000 rd 0010011 ADDI
imm|11:0 rsl 010 rd 0010011 SLTI
imm[11:0 rsl 011 rd 0010011 SLTIU
imm[11:0 rsl 100 rd 0010011 XORI
imm[11:0 rsl 110 rd 0010011 ORI
imm|[11:0 rsl 111 rd 0010011 ANDI
0000000 shamt sl 001 rd 0010011 SLLI
0000000 shamt rsl 101 rd 0010011 SRLI
0100000 shamt rsl 101 rd 0010011 SRAI
0000000 152 rsl 000 rd 0110011 ADD
0100000 52 rsl 000 rd 0110011 SUB
0000000 82 rsl 001 rd 0110011 SLL
0000000 82 rsl 010 rd 0110011 SLT
0000000 182 rsl 011 rd 0110011 SLTU
0000000 TS2 rsl 100 rd 0110011 XOR
0000000 rs2 rsl 101 rd 0110011 SRL
0100000 152 rsl 101 rd 0110011 SRA
0000000 152 sl 110 rd 0110011 OR
0000000 152 rsl 111 rd 0110011 AND
fm [ pred | succ rsl 000 rd 0001111 FENCE
000000000000 00000 000 00000 1110011 ECALL
000000000001 00000 000 00000 1110011 EBREAK
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RISC-V Arithmetic Instructions

\
« RISC-V assembly language arithmetic statement 2%

add x7, x8, X9

destination <- sourcel op source2

= Operand order is fixed (destination first)

= Those operands are all contained in the datapath’s register
file (x0, ..., x31)

@dap‘red from Computer Organization and Design, Patterson & Hennessy, © 2005 4
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RISC-V Arithmetic Instructions in Verilog HDL

\

reg signed [31:0] x [©:31]; // signed registers

wire [31:0] w_rsl = x[rsl]; // unsighed wire

wire [31:0] w_rs2 = x[rs2]; // unsigned wire

add
sub :
sll
slt
sltu:
xor :
srl
sra
or
and

: x[rd]

x[rd]

: x[rd]
: x[rd]

x[rd]
x[rd]

: x[rd]
: x[rd]
: x[rd]
: x[rd]

x[rsl] + x[rs2];

x[rsl] - x[rs2];

x[rsl] << x[rs2[4:0]];
(x[rsl] < x[rs2]);
(w_rsl < w rs2);

x[rsl] ~ x[rs2];

x[rsl] >> x[rs2[4:0]];
x[rsl] >>> x[rs2[4:0]];
x[rs1] | x[rs2];

x[rsl] & x[rs2];

//
//
//
//
//
//
//
//
//
//
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addition

subtraction

shift left logical

set less than

set less than unsigned
exclusive-or

shift right logical
shift right arithmetic
or

and



RISC-V OaiwI74—<vhk

31 30 25 24 21 20 19 15 14 12 11 8 7 6 0
funct7 rs2 rsl funct3 rd opcode | R-type
imm[11:0] rsl funct3 rd opcode | I-type
imm|11:5] rs2 rsl funct3 imm[4:0] opcode | S-type
imm[12] | imm|[10:5] rs2 rsl funct3 | imm|4:1] | imm[11] | opcode | B-type
imm|[31:12] rd opcode | U-type
imm|[20] imm|[10:1] imm|[11] imm[19:12] rd opcode | J-type

Figure 2.3: RISC-V base instruction formats showing immediate variants.
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N
RISC-V M 32Ewhk matyk RV32I
VAR A T yJ
RV 321 Base Instruction Set
imm[31:12 rd 0110111 LUI
imm[31:12 rd 0010111 AUIPC
fantra ataaian ant rd 1101111 JAL
inst[4:2] 000 001 010 011 100 101 110 111 njf - Hggéﬁ %%IQR
inst[6:5] (>32b) | @i 1wo0ir | BNE
00 LOAD LOAD-FP | customn-0 | MISC-MEM | OP-IMM | AUIPC OP-IMM-32 48b n[4:1[11 1100011 | BLT
01| STORE |STORE-FP | custom-1 AMO OP LUI OP-32 64p | 2TITL L LOOOL | BST.
10 :W.A.DD P‘-].S UuB NPU‘:[S[_;B NP\'IADD OP—FP T‘{isem'ed. cu.stom—?frtrﬂ?,g 48b I: 4;1 11 1100011 BGEU
11 | BRANCH JALR reserved JAL SYSTEM | reserved | custom-3/rvi28 | = 80b rd 0000011 | LB
rd 0000011 LH
rd 0000011 LW
Table 24.1: RISC-V base opcode map, inst[1:0]= o 0000011 | LBU
ey - - rd 0000011 LHU
imm|[11:5 152 rsl 000 imm|[4:0 0100011 SB
imm|11:5 152 rsl 001 imm|4:() 0100011 SH
imm|11:5 152 rsl 010 imm|4:0 0100011 SW
imm|11:0 rsl 000 rd 0010011 ADDI
imm|11:0 rsl 010 rd 0010011 SLTI
imm[11:0 rsl 011 rd 0010011 SLTIU
imm[11:0 rsl 100 rd 0010011 XORI
imm[11:0 rsl 110 rd 0010011 ORI
imm|[11:0 rsl 111 rd 0010011 ANDI
0000000 shamt sl 001 rd 0010011 SLLI
0000000 shamt rsl 101 rd 0010011 SRLI
0100000 shamt rsl 101 rd 0010011 SRAI
0000000 152 rsl 000 rd 0110011 ADD
0100000 52 rsl 000 rd 0110011 SUB
0000000 82 rsl 001 rd 0110011 SLL
0000000 82 rsl 010 rd 0110011 SLT
0000000 182 rsl 011 rd 0110011 SLTU
0000000 TS2 rsl 100 rd 0110011 XOR
0000000 rs2 rsl 101 rd 0110011 SRL
0100000 152 rsl 101 rd 0110011 SRA
0000000 152 sl 110 rd 0110011 OR
0000000 152 rsl 111 rd 0110011 AND
fm [ pred | succ rsl 000 rd 0001111 FENCE
000000000000 00000 000 00000 1110011 ECALL
000000000001 00000 000 00000 1110011 EBREAK

CSC.T341 Computer Logic Design, Department of Computer Science, TOKYO TECH



RISC-V Immediate Instructions

\
Small constants are used often in typical code 2%

Possible approaches?
* put “typical constants” in memory and load them
 create hard-wired registers (like x0) for constants like 1
* have special instructions that contain constants |

addi x7, x8, -2 # x7 = x8 + (-2)

Machine format orma

imm[11:0] rsi1 | funct3| rd opcode I format

The constant is kept inside the instruction itself
« Immediate format limits values to the range +2!!-1 to -2!

ﬁ:\dap‘red from Computer Organization and Design, Patterson & Hennessy, © 2005 8
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RISC-V Instructions with Immediate in Verilog HDL

A

reg signed [31:0] x [©:31]; // signed registers

wire [31:0] w_ir; // instruction

wire signed [31:0] w_sext imm = {{20{w_ir[31]}}, w ir[31:20]};
wire [31:0] w_sext _imm u = {{20{w_ir[31]}}, w _ir[31:20]};
addi : x[rd] <= x[rsl] + w_sext imm; // add immediate

slti : x[rd] <= (x[rsl] < w_sext imm); // set less than immediate
sltiu: x[rd] <= (x[rsl] < w_sext _imm u); // slt immediate, unsigned

xori : x[rd] <= x[rs1l] * w_sext imm; // exclusive-or immediate
ori : x[rd] <= x[rs1] | w_sext_imm; // or immediate
andi : x[rd] <= x[rsl] & w_sext_imm; // and immediate
31 30 25 24 21 20 19 15 14 12 11 8 7 6 0
| funct? | rs2 | sl | funct3 | rd | opcode | R-type

| imm|[11:0] I rsl | funct3 I rd I opcode | I-type
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Tty RELEY 50 0:

LK LGEBDODDRTYT 2\%
\

« IF (Instruction Fetch)
ARYDLARZTZIIVFYT B

« ID (Instruction Decode)
meETI—R(@RHE) LEAS, LORIDEEGHAH T (Operand
Fetch)
« EX (Execution)
M PIRIEDEITEIEITFLADERETIT?.
* MEM (Memory Access)
NEBETHNIL, A (T—R2AE))DARZTURIZTIERT S.
« WB (Write Back)
WETHNIE, FERELDRAFZEEFAD.

K CSC.T341 Computer Logic Design, Department of Computer Science, TOKYO TECH 10



m_procOl Aty HDEEETEREICAITI-—F

4 —>

w_npc

W_pc

32

r_pc

Signals

Waves

Time

r pc[31:0] =
w npc[3l:0] =

w clk=

codel02.v

module m_top ();
reg r_clk=0; initial forever #50 r_clk = ~r_clk;
wire [31:0] w_pc;
m_main m_main@ (r_clk, w_pc);
always@(*) #1 $write("%3d %x¥n", $time, w_pc);
initial $dumpfile("main.vcd"); /* file name for GTKWave */
initial $dumpvars(@, m_top); /* module for GTKWave */
initial #3060 $finish();
endmodule

module m_main (w_clk, w_pc);
input wire w_clk;
output wire [31:0] w_pc;

reg [31:0] r_pc = 0;

assign w_pc = r_pc;

wire [31:0] #10 w_npc = w_pc + 4;

always@(posedge w_clk) #5 r_pc <= w_npc;
endmodule

1 00000000
56 00000004
156 00000008
256 0000000c

T g— FAR nc
188 ns 208 ns

300

11



m_amemory JEREAX AT DEEHREZaL—aY
\
« Verilog HDLTIE, EVMEBTT—FHWDAE!Y m % reg [B-1:0] m [O:W-1] ELTEE TES.
© BAHTEMETIOVIESEIALGLAEYZIERZIAEY (asynchronous memory) EFESN.

o FEREXATUDERFIZRT. 0I2L—aV TOHEAHLDELEE 20nsec £LT-. w_addr TIEE
SNF=T7RLRDAREHAH T . posedge w_clk DALY T, w_we (write enable) M 1DEFIZ,
w_addr THESIN 7KL XIZ w_din (data in) DEFEEAL.

° C:Ci)ZJ-'f:%E”i/EE:l.L/'-'f;'Eilz'L,'Zf AEsz/%Efﬁfuu»73_%5 é:

module m_amemory (w_clk, w_addr, w_we, w_din, w_dout); module m_top ();
input wire w_clk, w_we; reg r_clk=0; initial forever #50 r_clk = ~r_clk;
input wire [11:0] w_addr; reg [31:0] r_pc = 0;
input wire [31:0] w_din; always @(posedge r_clk) r_pc <= #3 r_pc + 4;
output wire [31:0] w_dout;
wire [31:0] w_data;
reg [31:0] cm_ram [0:4095]; // 4K word (4096 x 32bit) memory m_amemory m (r_clk, r_pc[13:2], 1'de, 32'de, w_data);
always @(posedge w_clk) if (w_we) cm_ram[w_addr] <= w_din;
assign #20 w_dout = cm_ram[w_addr]; initial $dumpfile("main.vcd"); /* file name for GTKWave */
initial $dumpvars(@, m_top); /* module for GTKWave */
initial begin initial #1000 $finish;
cm_ram[@]={7"do, 5°do, 5’°do, 3°de, 5°de, 7°be110011}; // add x0, x0, x0O always@(*) #80 $write("%3d %d %x¥n", $time, r_pc, w_data);
cm_ram[1]={7°d@, 5°d1l, 5’°de, 3°de, 5°d4, 7’°be11eell}; // add x4, x0, x1 endmodule
cm_ram[2]={7°d@, 5°d2, 5°dl, 3°de, 5°d5, 7°be11@011}; // add x5, x1, x2
cm_ram[3]={7°d@, 5°d5, 5’d4, 3°de, 5°d6, 7’°be11ee11}; // add x6, x4, x5 COdElll.V
cm_ram[4]={7°de, 5°do, 5’°de, 3°de, 5°do, 7’°be11eell}; // add x0, x0, x0
end 12 m_amemory w_ir
endmodule ; m_imem -
r_pc[13:2]| (32bitx 4096) | 32

31 30 25 24 21 20 19 15 14 12 11 8 7 6 0

ﬁ’l | funct7 rs2 rsl | funct3 | rd | opcode | R-type
CSC.T341 Computer Logic Design, Department of Computer Science, TOKYO TECH 12




Register file, LYABZT74 )L m_regfile DEE

« Verilog HDLTIE, EYMEBTT—FHW®DAE!) m % reg [B-1:0] m [0:W-1] ELTEE TES. \

e w_rrl CHELELDRAIDEZHRAHL w_rdatal (CH AT 5. ERIFDFEAHL.
« w_rr2 CTIHRELELRAIDEEZHFAHL w_rdata2 ICTH 719 5. EREADFEAHL.
« 1=12L, x0 (zero) WA HLIX, EOZFH AT 5.

« posedge w_clk DA% T, w_we (write enable) A 1DEFIZ, w_wr (write register) THs

ESnf-LIP X2 w_wdata (write data) DIEZEEAL.
e ZDEVA—ILTIEaddii T DENEFEZRDT=DIZ x1 % 1 T, x2 % 2 TYHAIELTLS.

codell2.v
module m_regfile (w_clk, w_rrl, w_rr2, w_wr, w_we, w_wdata, w_rdatal, w_rdata2);
input wire w_clk;
Read input wire [4:0] w_rrl, w_rr2, w_wr;
™ EEilsteH input wire [31:0] w_wdata;
eg Read input wire w_we;
B output wire [31:0 rdatal rdata2;
A Read data 1 utput wire [ ] w_ s W_ 8
register 2 reg [31:0] r[0:31];
Write Read assign w_rdatal = (w_rrl==0) ? 0 : r[w_rrl];
™ ot data 2 assign w_rdata2 = (w_rr2==0) ? 0 : r[w_rr2];
regiier always @(posedge w_clk) if(w_we) r[w_wr] <= w_wdata;
- g"';“e Redist initial r[1] = 1;
ala egisiers initial r[2] = 2;
endmodule

K CSC.T341 Computer Logic Design, Department of Computer Science, TOKYO TECH
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IO

m_proc02 addz B35 T LY AO)LDT Bty

\
 WMHI7TVF(F), TA—KREARZURTYF(ID), EIT(EX), T4\
(WB) DAEBEHZHE5MEMGRS (add) D&IZHIGLI=7OEyH0T0OvIX

IF ! ID . EX | WB
4 32

32 i w_rsl : :
E 5 w_rrsl |

12 m_memory w_ir! W_rs2 . 9 L w_rslt

—>r_pc 7 m_imem §2 : é mrﬁr(igglsle 32 rrs2 |+ %0 —
r_pc[13:2]| (32bi | H A |
(32bit x 4096) : wrd | (32bitx32) [ %2 :
7 | :
31 30 25 24 21 20 19 15 14 12 11 8 7 6 0

@3 funct7 rs2 rsl funct3 rd opcode | R-type
CSC.T341 Computer Logic Design, Department of Computer Science, TOKYO TECH 14



IO

m_proc02 addz B35 T LY AO)LDT Bty

\
« MHEITVFAF), TA—FEARTURTYF(ID), EIT(EX), TAb/\vD

(WB) OUIBEHEILESMERS (add) DA ELE=-FTOoEyHnIOoviE
e« ZD7OtEYYT, codellly DEHIHNERITITHEEZDEIEDEETEZS.

code113.v O)_gl-‘ module m_proc@2 (w_clk, w_ce, w_led);
‘ input wire w_clk, w_ce;
output wire [31:0] w_led;

reg [31:0] r_pc = 0;

always @(posedge w_clk) #5 if(w_ce & r_pc[13:2]!=4) r_pc <= r_pc + 4;
wire [31:0] w_ir;

m_amemory m_imem (w_clk, r_pc[13:2], 1'd@, 32'd0, w_ir);

wire [4:0] w_rsl = w_ir[19:15];

4 32 X =N
wire [4:0] w_rs2 = w_ir[24:20];
' ! ! wire [4:0] w_rd = w_ir[11:7];
32 P st | | wire [31:0] w_rrsl, w_rrs2, w_rslt;
' 7 rd w_rrsl ! . .
12 [ memory wﬁi 5 2 . L - m_regfile m_regs (w_clk, w_rsl, w_rs2, w_rd, w_ce, w_rslt, w_rrsl, w_rrs2);
r_pc + m_imem 7, /5' > mn;rig;ge 32\;/_rr52 + 32I —
r_pc[13:2]| (s2bit x 4096 ! — H i = .
(s2bit x 4096) | we | @abiecan) (2 : assign #10 w_rslt = w_rrsl + w_rrs2;
7 1
5
reg [31:0] r_led = 0;

always @(posedge w_clk) if(w_ce & w_rd==6) r_led <= w_rslt;
assign w_led = r_led;
endmodule

31 30 25 24 21 20 19 15 14 12 11 8 7 6 0

@3 funct7 rs2 rsl funct3 rd opcode | R-type
CSC.T341 Computer Logic Design, Department of Computer Science, TOKYO TECH
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IO

m_proc02 addz B35 T LY AO)LDT Bty

3
e codell3.v&I3Ial—i3a LT, FOREEEWERTHL.

o WMEITVF(IF), TA—KEARSURTTYF(ID), ET(EX), SA+/vyo(WB) DAL
BEHSILHSMESGS (add) DHIZRIELIE=TOEyH

« m_proc02 DAVRIAVRAZE p £T 5. p DAEBD r_pc I&, EVARZRAWLT p.r_pc
ELTSERTES.

o BRI, pICEFENDAIVREZVRX m_reg DAERD r[1] (X, p.m_reqg.r[1] ELTSE
TZE%,

codel113.v MD—Ep

module m_top ();

reg r_clk=0; initial forever #50 r_clk = ~r_clk;

wire [31:0] w_led;

m_proc@2 p (r_clk, 1’°bl, w_led);

initial $dumpfile("main.vcd"); /* file name for GTKWave */

initial $dumpvars(@, m_top); /* module for GTKWave */

initial #550 $finish;

always@(posedge r_clk) #1 $write("%4d %x: %x %x -> %x¥n",

$time, p.r_pc, p.w_rrsl, p.w_rrs2, p.w_rslt);

endmodule

31 30 25 24 21 20 19 15 14 12 11 8 7 6 0

ﬁ: funct7 rs2 rsl funct3 rd opcode | R-type
CSC.T341 Computer Logic Design, Department of Computer Science, TOKYO TECH 16




m_proc02 addZES 50T LA 0)LDTatyH

Signals

Time

r pcl[3l:
w ir[31:
w rsl[4:
w rs2[4:
W rd[4:
w_rrsi[31:
w_rrs2[31:

r led[31:
w led[31:

32

w clk

w_rsl

Waves

12 T_memory w_ir
L

% r_pc I

w_rs2

7 m_imem
r_pc[13:2]| (s2bit x 4096) | 32

[ §

w_rd

[ §

m_regfile
m_regs
(32bit x 32)

186 ns

w_rslt
+
32

\

208 ns 380 ns 488 ns

module m_proco2 (w_clk, w _ce, w_led);
input wire w_clk, w_ce;
output wire [31:0] w_led;

codel13.v M—L}

reg [31:0] r_pc = 0;

always @(posedge w_clk) #5 if(w_ce & r_pc[13:2]!=4) r_pc <= r_pc + 4;
wire [31:0] w_ir;

m_amemory m_imem (w_clk, r_pc[13:2], 1'do, 32'do, w_ir);

wire [4:0] w_rsi
wire [4:0] w_rs2 = w_ir[24:20];

wire [4:0] w_rd w_ir[11:7];

wire [31:0] w_rrsl, w_rrs2, w_rslt;

m_regfile m_regs (w_clk, w_rsl, w_rs2, w rd, w_ce, w_rslt, w rrsl, w_rrs2);

w_ir[19:15];

assign #10 w_rslt = w_rrsl + w_rrs2;

reg [31:0] r_led = 0;
always @(posedge w_clk) if(w_ce & w_rd==6) r_led <= w_rslt;
assign w_led = r_led;

endmodule w_led DHADEIFESGTLHMN?

CSC.T341 Computer Logic Design, Department of Computer Science, TOKYO TECH 17



IO

m_proc02 addz B35 T LY AO)LDT Bty

« FPGA TEIEESEBI=6DDI—FK codellbyv HLHNBREZIEMETHIL.
« BOMHz OOV EBZTERMT HEDIZ clk_wiz_ 0 F#4E/T 5.
e 32EYRDANZEEDLSIZ vio 0 ZERT 5.

° FPGA f@]«ﬁéﬁf:&%o) module m_proc@2 (vi:Eclk, w_ce, w_led); w led DEADEIXESHBH?
S= Lo input wire w_clk, w_ce; = ’
VIO O)ﬁﬁ‘i& 77:;%)75\ ’P ou’Fc’put wire [51:0] w_led;

reg [31:0] r_pc = 0;

always @(posedge w_clk) #5 if(w_ce & r_pc[13:2]!=4) r_pc <= r_pc + 4;
wire [31:0] w_ir;

m_amemory m_imem (w_clk, r_pc[13:2], 1'd@, 32'de, w_ir);

module m_main (w_clk, w_led); wire [4:0] w_rsl = w_ir[19:15];
input wire w_clk; wire [4:0] w_rs2 = w_ir[24:20];
output wire [3:0] w_led; wire [4:0] w_rd = w_ir[11:7];
wire [31:0] w_rrsl, w_rrs2, w_rslt;
wire [31:0] w_dout; m_regfile m_regs (w_clk, w_rsl, w_rs2, w_rd, w_ce, w_rslt, w_rrsl, w_rrs2);
wire w_clk2, w_locked;
clk wiz @ clk we (w_clk2, @, w_locked, w _clk); assign #10 w_rslt = w_rrsl + w_rrs2;

vio @ vio @0(w_clk2, w_dout);
reg [31:0] r_led = 0;

always @(posedge w_clk) if(w_ce & w_rd==6) r_led <= w_rslt;

m_proce2 p (w_clk2, w_locked, w_dout); ; led led
assign w_led = r_led;

reg [3:0] r_led = 0; endmodule
always @(posedge w_clk2)
r_led <= {*w_dout[31:24], “w_dout[23:16], "w_dout[15:8], "w_dout[7:0]}; codel15.v MD—&p
assign w_led = r_led;
endmodule

K CSC.T341 Computer Logic Design, Department of Computer Science, TOKYO TECH



m_proc03 add & addi Z0E9 570ty

IO

e WmHEITVF(IAF), TA—KREARSURETYF(ID),

<

EIT(EX), 514\ D
(WB) OEZEHGE5ME MRS (add, addi)ITxt Lz 0twyHn 7oy

[ opcode | R-type
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module m_amemory (w_clk, w_addr, w_we, w_din, w_dout);
input wire w_clk, w_we;
input wire [11:0] w_addr;
input wire [31:0] w_din;
output wire [31:0] w_dout;

reg [31:0] cm_ram [0:4095]; // 4K word (4096 x 32bit) memory
always @(posedge w_clk) if (w_we) cm_ram[w_addr] <= w_din;

module m_proc@3 (w_clk, w_ce, w_led);
input wire w_clk, w_ce;
output wire [31:0] w_led;

reg [31:0] r_pc = 0;

always @(posedge w_clk) #5 if(w_ce & r_pc[13:2]!=4) r_pc <= r_pc + 4;
wire [31:0] w_ir;

m_amemory m_imem (w_clk, r_pc[13:2], 1'do, 32'de, w_ir);

wire [4:0] w_rsl = w_ir[19:15];
wire [4:0] w_rs2 = w_ir[24:20];
wire [4:0] w . rd = w_ir[11:7];
wire [31:0] w_rrsl, w_rrs2, w_rslt;

m_regfile m_regs (w_clk, w_rsl, w_rs2, w_rd, w_ce, w_rslt, w_rrsl, w_rrs2);

/¥*¥*** Please describe this part by yourself ****x*/

reg [31:0] r_led = 0;
always @(posedge w_clk) if(w_ce & w_rd==6) r_led <= w_rslt;
assign w_led r_led;

endmodule
assign #20 w_dout = cm_ram[w_addr];
initial begin
cm_ram[@]={7’de, 5°de, 5°de, 3°de, 5°de, 7°be11e011l}; // add x©, x0, xO codel50.v MO—Ep
cm_ram[1]={12’hees, 5°de, 3°de, 5°d4, 7°bee10011}; // addi x4, x0, 8
cm_ram[2]={12’hffe, 5°de, 3’°de, 5°d5, 7’°bee1eei1l}; // addi x5, x0, -2
cm_ram[3]={7’de, 5°d5, 5’d4, 3°de, 5°d6, 7°bol11ee1l}; // add x6, x4, x5
cm_ram[4]={7’de, 5°de, 5°de, 3°de, 5°de, 7°be110011}; // add xO, x0, X0
end
endmodule
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