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[locnepoBaTeNnbHOCTb NPOEKTUPOBaHUA

e TPAKT AaHHbIX
Data Path

e YCTPOUCTBO YyrnpaBfieHUs
Control Unit



ApPXUTEKTYpHOE COCTOSAHUe
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ADDI: BbIOOpKa MHCTPYKLUUMN

[ | WE3
PC 'I = v A RD A1 RD1
1
A2 RD2
Instruction
Memory A3

WD3 Reg_ister
File




ADDI: cneundunkauunsa

Integer Register-Immediate Instructions

31 20 19 15 14 12 11 TG 0
imm|11:0] rsl funct3 rd opcode
12 5 3 5 T
[-immediate[11:0] sIC ADDI/SLTI[U] dest OP-IMM
[-immediate[11:0] SIC ANDI/ORI/XORI dest OP-IMM

ADDI adds the sign-extended 12-bit immediate to register rsi. Arithmetic overflow is ipnored and
the result is simply the low XLEN bits of the result. ADDI rd, rsi, 15 used to implement the MV
rd, rsi assembler pseundoinstruction.

Figure 2.4 shows the immediates produced by each of the base instruction formats, and is labeled
to show which instruction bit (inst[y]) produces each bit of the immediate value.

31 H 20 19

12

11

L f

4 1

0

— inst[31] —

inst[30:25]

inst[24:21]

inst [ 20)]

[-immediate 10



ADDI: cuntbiBaHue onepaHaa U3 peructposoro hanna

instr [19213] r=4 WE3
PC 172 RD |—=t r A1 RD1 |—
A2 RD2
Instruction
Memory A3
WD3 Reg_ister
File
ADDI: I-type, adds the sign-extended 12-bit immediate to register rz1: rd = rz1 + immil
31 25 24 20 19 15 14 12 N T B 0

imim[11:0] rsi funct3 rd opcode I-type




ADDI: pekogupoBaHue KOHCTaHTbIl U3 Terla MHCTPYKUUMU

| '| i 19:15 WE3
PC——»>2 A RO instr 19751 rst A1 RD1 [—
A2 RD2
Instruction
Memory A3
WD3 Reg_ister
File
irmrml
Instruction
Decode
ADDI: I-type, adds the sign-extended 12-bit immediate to register rz1: rd = rz1 + immil
31 25 24 20 19 15 14 12 N T B 0
imm[11:0] rai funct3 rd opcode
31 30 20 19 12 11 10 5 4 1 0
--- inst[31] — inst[30:25] inst[24:21] |inst[20

I-type

l-immediate
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ADDI: BbluncneHue pesynbraTta apudpmeTnyeckon onepaumu

B
=
%]
@]
=
m
i [19:13] rs1 WE3
PC 172 RD |— st = A1 RD1
A2 RD2
Instruction
Memory A3
WD3 Reg_ister
File
irmmil
Instruction
Decode
ADDI: I-type, adds the sign-extended 12-bit immediate to register rz1: rd = rz1 + immil
31 25 24 20 19 15 14 12 N T B 0
imim[11:0] rs1 funct3 rd opcode I-type




ADDI: pekogupoBaHue permcTtpa HasHa4eHuUs

g
=
=]
&
=2
i |

I || i [19:15] r=1 WEZ srch
P 1 e I iy RD insir r= A1 RD1
AZ RDO2
Instruction 117 ] rd
Memory A3 zrcB
WD3 Reg_ister
File
irmmil
Instruction
Decode
ADDI: I-type, adds the sign-extended 12-bit immediate to register rz1: rd = rz1 + immil
3 25 24 20 19 15 14 12 N T B
irmrm[11:0] rai funct3 rd opcode

I-type
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ADDI: 3anucb pesynbraTta B peructp HasHa4yeHus

g
=
%]
9
regWrite |
I || i [19:13] r=1 WEZ srch
PC 172 RD —0sr re A1 RD1
A2 RD2
Instruction [11:F7 ] rd
Memory A3 zrcB
WD3 Reg_ister
File
irmmil
aluResult
Instruction
Decode
ADDI: I-type, adds the sign-extended 12-bit immediate to register rz1: rd = rz1 + immil
31 25 24 20 19 15 14 12 N T B 0
irmrm[11:0] rai funct3 rd opcode

I-type
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ADDI: BbluncneHue agpeca cnenyrowen MHCTPYKUUN

g
=
%]
9
regWrite |
i [19:13] r=1 WEZ srch
PC 172 RD —0sr re A1 RD1
A2 RD2
Instruction [11:F7 ] rd
Memory A3 zrcB
WD3 Reg_ister
File
irmmil
aluResult
4 pcPlusd Instruction
Decode
4
ADDI: I-type, adds the sign-extended 12-bit immediate to register rz1: rd = rz1 + immil
31 25 24 20 19 15 14 12 N T B 0

irmrm[11:0] rai funct3 rd

opcode I-type




ADDI: ntoroBas cxema

g
=
%]
9
regWrite |

| '| i 19:15 WEZ srch

PC 172 rp |jinstr [1975] rst A1 RD1
. AZ RD2
Instruction (117 ] rd
Memory A3 zrcB
WD3 Reg_ister
File
irmmil
aluResult
pcFlus4 Instruction
Decode
4
ADDI: I-type, adds the sign-extended 12-bit immediate to register rz1: rd = rz1 + immil
31 25 24 20 19 15 14 12 N T B 0
irmrm[11:0] rzi funct3 rd opcode
31 30 20 19 12 11 10 5 4 1 0
- inst[31] — inst[30:25] inst[24:21] |inst[20]

I-type

l-immediate
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ADD: cneundukauus

Integer Register-Register Operations

RV32I defines several arithmetic R-tyvpe operations. All operations read the rsi and rs2 registers
as source operands and write the result into register rd. The funct? and functd helds select the
tvpe of operation.

a1 25 24 20 19 15 14 12 11 TG 0
funet7 rs2 rsl funct3d rd opcode
7 D 2 3 ! 7
Q000000 src arel ADD/SLT/SLTU  dest OFP
(000000 src arcl AND/OR/XOR dest QP
OOO0000 sre2 srel SLL/SRL dest OF
0100000 sre2 srel SUB/SRA dest OF

ADD performs the addition of rsf and rs2. SUDB performs the subtraction of rs2 from rsi. Overflows

are ignored and the low XLEN bits of results are written to the destination rd. SLT and SLTU
perform signed and unsigned compares respectively, writing 1 to rd if rsf < rs2, () otherwise. Note,

18



ADD: Bbibopka onepaHaa rs1

g
=
%]
9
regWrite |
| '| i [19:13] r=1 WE3 srch
PC 172 RD —0sr re A1 RD1
A2 RD2
Instruction (117 ] rd
Memory A3 arcB
WD3 Reg_ister
File
irmmil
aluResult
pcFlus4 Instruction
Decode
4
ADD: R-type, performs the addition of rs1 and rs2: rd = rs1 + rs2
31 25 24 20 19 15 14 12 N T B 0
funct? rs2 rai funct3 rd opcode

R-type

19



ADD: BbiObOpKka onepaHAaa rs2

g
=
%]
9
regWrite |

| '| i 19:15 WE3 srch

PC - A rp |instr [1975] rs1 A1 RD1
L [24:20] rs2
A2 RD2
Instruction [11:F7 ] rd
Memory A3 arcB
WD3 Reg_ister
File
irmmil
aluResult
pcFlus4 Instruction
Decode
4
ADD: R-type, performs the addition of rs1 and rz2: rd = rz1 + rs2
31 25 24 20 19 15 14 12 N T B 0
funct? rs2 rzi funct3 rd opcode

R-type
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ADD: nepepaya BToporo onepaHga B AllY

g
= 5
ul &
. =
|reg‘|.l'|.|'r1'te @ @
| '| i [19:13] r=1 WE3
P e iy RD insir (24:20] r= A1 RD1
I_lln . 2
re A2 RD2

Instruction [11:F7 ] rd _| -L.

Memory A3 [ 0

1

WD3 Reg_ister -

File
irmmil
aluResult
pcFlus4 Instruction
Decode
4
ADD: R-type, performs the addition of rs1 and rz2: rd = rz1 + rs2
31 25 24 20 19 15 14 12 N T B
funct? rs2 rai funct3 rd opcode

R-type
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ADD: ntoroeass cxema

g
= 5
) )
regWrite @ @
i \ i [19:13] rs1 WE3
PC 2 A RD |— st o320 = A1 RD1
l_lln . 2
re A2 RD2
Instruction (117 ] rd
Memory A3 0
1
WD3 Reg_ister
File
irmmil
aluResult
pcFlus4 Instruction
Decode
4
ADD: R-type, performs the addition of rs1 and rs2: rd = rs1 + rs2
31 25 24 20 19 15 14 12 N T B
funct? rs2 rai funct3 rd opcode

R-type
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LUl: cneundpukaums

31 12 11 76 0
imm|[31:12] rd opcode
20 3 (
U-immediate[31:12] dest LUI
U-immediate[31:12] dest AUIPC

LUTI (load upper immediate) is used to build 32-bit constants and uses the U-type format. LUI
places the U-immediate value in the top 20 bits of the destination register rd. filling in the lowest

12 bits with zeros.

inst[31] inst[30:20] inst[19:12]

U-immediate
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LUI: nekoaMpoBaHue U nepeaavya KOHCTaHTbI

g
= 5
e 9
UEJ regWrite @ @
=
| '| i [19:13] r=1 = WE3
P e iy RD insir r= A1 RD1
o [24:20] rs2 I
A2 RD2
Instruction [11:7 1 rd |
Memory : A3 0
imm |'--|.._ 1
1 Register
WDa
~‘ Q___}_ File
irmmil
aluResult
pcFlus4 Instruction
Decode
LUIL: U-type. load upper immediate: rd = immU
31 25 24 20 19 15 14 12 N T B
imm [31:12] rd opcode
31 30 20 19 12 11 10 5 4 1 0
inst[31] inst [30:20] inst [19:12] — 0

U-type

U-immediate

24



BEQ: cneuudukaumnsa

Conditional Branches

All branch instructions use the B-type instruction format. The 12-bit B-immediate encodes signed
offsets in multiples of 2 bytes. The offset is sign-extended and added to the address of the branch
instruction to give the target address. The conditional branch range i1s +4 KiB.

31 30 2524 2019 15 14 12 11 8 7 6 0
imm[12] | imm([10:5] | rs2 rsl funct3 imm(4:1] | imm[11] opcode
1 6 5 5 3 1 1 7
offset[12]10:5] src2 srcel  BEQ/BNE offset[11]4:1] BRANCH
offset[12]10:5] sre2  srel BLT[U] offset[11]4:1] BRANCH
offset[12[10:5] sre2  srel BGE[U] offset[11]4:1] BRANCH

Branch instructions compare two registers. BE() and BNE take the branch if registers rs! and rs?2
are equal or unequal respectively. BLT and BLTU take the branch if rs! is less than rs2, using
signed and unsigned comparison respectively. BGE and BGEU take the branch if rs! is greater
than or equal to rs2, using signed and unsigned comparison respectively. Note, BGT, BGTU,

BLE, and BLEU can be synthesized by reversing the operands to BLT, BLTU, BGE, and BGEU,
respectively.

25



BEQ: BbluMCneHMe aapeca yCrmoBHOro nepexopa

g
= 5
) )
E regWrite @ @
=
I \ i 19:15 = WE3 srch
P e A RD instr Ezq_ Eﬂi rs1 | A1 RO
I_lln . 2
re A2 RD2
Instruction [11:7 1 rd |
Memory N A3 o | srcB
immu 1
1 Register
_D7 WD3 File
irmmil
aluResult
immB
pcplusq |HBtl'I.I‘.':“QI'I L pcBranch
Decode >+
4
BEQ: B-type, branch on equal: if (rs1 ==rs2) PC = PC + immB
31 25 24 20 19 15 14 12 N T B 0
imm rs2 rs1 funct3 imm opcode B-type
31 30 20 19 12 11 10 5 4 1 0
== inst[31] — inst[7] inst[30:25] inst[11:8] 0 B-immediate




BEQ

BbIOOp agpeca

g
o = 5
ul ul @]
] 0 . = 3
& & regWirite m |
=
1 i \ instr [19:13] ra1 = WE3
FC = A RD Al RD1
AZ RDO2
Instruction [11:7 1 rd |
Memory - A3 0
immu 1
1 Register
0 W3 File
irmmil
aluResult
immB
pcplusq |HBtl'I.I‘.':“QI'I pcBrar“:h
Decode >‘ +
BEQ: B-type, branch on equal: if (rs1 ==rs2) PC = PC + immB
3 25 20 19 15 14 12 N T B
imm rs2 rai funct3 irmim opcode
3 20 20 19 12 11 10 3 4 1
— inst[31] — inst[7] inst[30:23] inst[11:8]

B-type

B-immediate
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BEQ: onpeaeneHne HeobxoaumocTu nepexona

P

branch
I
g .
B 2 6 [
ul ul & |
1= [&] . = =) =
& & |reg‘|.l'u'r1te @ | G
=
1] || | instr [19:13] rs1 = WE3 —
PC = A RD Al RD1
Instruction [11:7 1 rd | >ALU
Memory N A3 o | srcB
imm
1 Register ! //
WDa _
0 File
irmmil
aluResult
immB
pcplusq |HBtl'I.I‘.':“QI'I pcBrar“:h
Decode >‘ +
BEQ: B-type, branch on equal: if (rs1 ==rs2) PC = PC + immB
31 25 24 20 19 15 14 12 N T B 0
imm rs2 rai funct3 irmim opcode
31 30 20 19 12 11 10 4 1 0
— inst[31] — inst[7] inst[30:25] inst[11:8] 0

B-type

B-immediate
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BEQ: ntorosas cxema

branch
g .
= = & 5
L] i 2 ™~
[&] 0 . = =] =
(=1 & regWrite ] | @
=
1] i \ instr [19:13] ra1 = WE3 —
PC = A RD Al RD1
Instruction [11:7 1 rd | >ALU
Memory A3 zrcB
immu
1 Register //
WDa _
0 File
irmmil
aluResult
immB
pcplusq |HBtl'l.I‘.':ti0l'l pcBrar“:h
Decode >‘ +
BEQ: B-type, branch on equal: if (rs1 ==rs2) PC = PC + immB
31 25 24 20 19 15 14 12 N T B 0
imm rs2 rai funct3 irmim opcode
31 30 20 19 12 11 10 5 4 1 0
— inst[31] — inst[7] inst[30:25] inst[11:8] 0

B-type

B-immediate
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BNE: BEQ HaobopoT

branch
g .
= = & 5
L] i 2 ™~
[&] 0 . = =] =
(=1 & regWrite ] | @
=
1] i \ instr [19:13] ra1 = WE3 —
PC = A RD Al RD1
Instruction [11:7 1 rd | >ALU
Memory A3 zrcB
immu
1 Register //
WDa _
0 File
irmmil
aluResult
immB
pcplusq |HBtl'l.I‘.':ti0l'l pcBrar“:h
Decode >‘ +
BMNE: B-type. branch on non equal: if (rs1 I=rz2) PC = PC + immB
31 25 24 20 19 15 14 12 N T B 0
imm rs2 rai funct3 irmim opcode
31 30 20 19 12 11 10 5 4 1 0
— inst[31] — inst[7] inst[30:25] inst[11:8] 0

B-type

B-immediate
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BNE: HoBas uenb ynpaBneHus

‘ —._ branch
||| ",
condZero l.l L
g .
B 2 6 [
L] i 2 ™~
1= [&] . = =) =
& & |reg‘|.l'u'r1te @ | o
1] instr [19:13] rs1 E WE3 —
PC = A RD Al RD1
Instruction [11:7 1 rd | >ALU
Memory N A3 o | srcB
imm
1 Register ! //
WDa _
0 File
irmmil
aluResult
immB
pcplusq |HBtl'I.I‘.':“QI'I pcBrar“:h
Decode >‘ +
4
BMNE: B-type. branch on non equal: if (rs1 I=rz2) PC = PC + immB
31 25 24 20 19 15 14 12 N T B 0
imm rs2 rs1 funct3 imm opcode B-type
31 30 20 19 12 11 10 5 4 1 0
- inst[31] — inst[7] inst[30:25] inst11:8] 0 B-immediate




YCTPOUCTBO ynpaBrneHus

F\ﬁ pcSrc
_/

PC

condZero

;'I e l'! B RD
Instruction
Memory
pcPlusd

g
= e
\ Control Unit 3 3
E regWrite C =
=
instr [19:15] rs1 = WE3 SrcA
instr 2320 rs | Al RD1
: rs2
A2 RO2
(117 1 rd | DALY
A3 0 | srcB
imml
1 Register ! //
WD3 .
0 File
irnrml
aluResult
immB
Instruction pcBranch
Decode >‘ +

32



[NekogonpoBaHue TUNa MHCTPYKLUN

F\ﬁ pcSre
_/

aluControl
alufero

Srch

ALY
0] srcB

1 —

aluResult

[ 6:0 ] cmdOp 4 branch N
[14:12] cmdF3 condZero
[31:25] cmdF7
W Control Unit Y,
E regWrite
=
i 19:15 = WE3
i | :-:-gll A RO instr |[ 1 rs1 A1 RO
o [24:20] rs2 |
A2 RD2
Instruction [11:F 1 rd |
Memory immt A
1 Register
WDa
_D7 File
irmmil
immB
pcPlus4 Instruction pcBranch
Decode >‘ +
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UTorosas cxema npoueccopa

F\ﬁ pcSre
_/

aluControl
alufero

Srch

ALY
0] srcB

1 —

aluResult

[ 6:0 ] cmdOp 4 branch N
[14:12] cmdF3 condZero
[31:25] cmdF7
W Control Unit Y,
E regWrite
=
i 19:15 = WE3
i | :-:-gll A RO instr |[ 1 rs1 A1 RO
o [24:20] rs2 |
A2 RD2
Instruction [11:F 1 rd |
Memory immt A
1 Register
WDa
_D7 File
irmmil
immB
pcPlus4 Instruction pcBranch
Decode >‘ +
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CocTaB npoueccopa

e TpaKT AaHHbIX
o CyeT4yunk komaHg PC

o [NamaTb UHCTpyKuun Instruction Memory

o [ekogep NHCTpykumn Instruction Decoder
o Pernctposbit dann Register File

o ApndmeTunko-noruvyeckoe yctpomctso ALU
o Cymmaropsbl agpeca pcPlus4 v pcBranch

o Mynbstunnekcopsl pcSrc, wdSrc v aluSrc

e YCTPOUCTBO YynpaBneHuns
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Peanusauusa: PC, cymmaTopbl U MyNbTUNNEKCOpP aapeca

// sm_register.v
module sm_register

(
input clk,
input rst,
input [ 31 : 0 ] d,
output reg [ 31 : @0 ] ¢
E
always @ (posedge clk or negedge rst)
if(~rst) q <= 32'b0;
else q <= d;
endmodule

// sr_cpu.v
wire [31:0] pc;
wire [31:0] pcBranch
wire [31:0] pcPlus4 pc + 4;
wire [31:0] pcNext pcSrc ? pcBranch : pcPlus4;
sm_register r_pc(clk ,rst n, pcNext, pc);

pc + immB;




Peanunsauuns: naMmAaTb MHCTPYKLUN

// sm_rom.v
module sm_rom

#(
parameter SIZE = 64
)
(
input [31:0] a,
output [31:0] rd
)
reg [31:0] rom [SIZE - 1:0];
assign rd = rom [a];
initial begin
$readmemh ("program.hex", rom);
end
endmodule
// sm_top.v

sm_rom reset_rom(imAddr, imData);
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Peanu3auusa: pekogep MHCTPYKUMU (Ha4ano)

// sr_cpu.v

module sr_decode

(

)i

input

output
output
output
output
output
output
output
output
output

assign
assign
assign
assign
assign
assign

rararrarrBarrairrr
ahAPNONDOR

cmdOp
rd

cmdF3 =
rsl
rs2 =
cmdF7

:0] instr,
:0] cmdOp,
:0] rd,

:0] cmdF3,
:0] rsi,

:0] rs2,

:0] cmdF7,
reg [31:
reg [31:
reg [31:

0] immI,
@] immB,
0] immU

instr[ 6: 0];

= instr[11: 7];

instr[14:12];

= instr[19:15];

instr[24:20];
instr[31:25];
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Peanusauus: gekogep MHCTPYKUUN (NnpoaonxeHue)

// I-immediate
always @ (*) begin
immI[10: O]
immI[31:11]

instr[30:20];
{ 21 {instr[31]} };

end

// B-immediate
always @ (*) begin

immB[ 0] = 1'bo;
immB[ 4: 1] = instr[11:8];
immB[10: 5] = instr[30:25];

immB[31:11] = { 21 {instr[31]} };

end

// U-immediate
always @ (*) begin
immu[11l: 9]
immU[31:12]

12'bo;
instr[31:12];

end
endmodule
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Peanun3auusa: peructpoBbin haun

// sr_cpu.v
module sm_register file

(
input clk,
input [ 4:0] a0,
input [ 4:0] al,
input [ 4:0] a2,
input [ 4:0] a3,
output [31:0] rde,
output [31:0] rdil,
output [31:0] rd2,
input [31:0] wd3,
input we3

)

reg [31:0] rf [31:0];

assign rdo = (a@ != @) ? rf [a@] : 32'bO;
assign rdl = (a1l != @) ? rf [al] : 32'bO;
assign rd2 = (a2 !=0) ? rf [a2] : 32'bO;

always @ (posedge clk)
if(we3) rf [a3] <= wd3;
endmodule




Peanusauusn: onepauuu ALU

// sr_cpu.vh

“define

“define

“define

“define

“define

ALU_ADD
ALU_OR
ALU_SRL
ALU_SLTU

ALU_SUB

3'b000o

3'bo0o1

3'b010

3'b011

3'bl100

// A + B
// A | B

// A >> B

// A <B?1:

// A - B

0

41



Peanu3auusa: ALU

// sr_cpu.v
module sr_alu

(
input [31:0] srcA,
input [31:0] srcB,
input [ 2:0] oper,
output zero,
output reg [31:0] result
)5
always @ (*) begin
case (oper)
default : result
"ALU_ADD : result
“ALU_OR : result
"ALU_SRL : result
"ALU_SLTU : result
"ALU_SUB : result
endcase
end
assign zero = (result ==
endmodule

= SrcA + srcB;

= SrcA + srcB;

= srcA | srcB;

= srcA >> srcB [4:0];

= (srcA < srcB) ? 1
= SrcA - srcB;

0);

. 0;
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Peanu3auus: MYINbTUMNJNMEeKCOPbl AaHHbIX

// sr_cpu.v
wire [31:0] srcB = aluSrc ? immI : rd2;

// sr_cpu.v
assign wd3 = wdSrc ? immU : aluResult;




CurHanb! ynpasneHusa 1

wdSrc regWrite pcSrc branch condZero

Instruction cmdOp cmdF3 cmdFT aluSrc |aluControl
|
[ 6:0 ] cmdOp d branch H“'J
['1-4:12] cmdF3 condZero
[31:25] cmdF7 E
= =
= N Control Unit )& 3 &
1= 5] . =] 3 =
fal & regWrite ™ ™ ™
1] instr |[19:13] rs1 E WE3 —
o PC >3 i) RD Al RDA1
| [24:20] s2 | A 0o
Instruction [11:7 1 rd | >ALU
Memory i N A3 0| srcB
imm
1 Register ! /f
WD3 .
0 File
immil
aluResult
immB
pcplusq‘ |H5'ﬁructiﬁl‘l pcBrar“:h
Decode > +
4




Koa onepauuun: cneundpukaums

130 Volume I: RISC-V Unprivileged ISA V20191213
a1 7 26 25 24 20 19 15 14 12 11 7 6 0
funct? | 52 rsl funct3 rd opcode R-type
imm([11:0] rsl funct3 rd opcode I-type
imm|[11:5] r52 sl funct3 1imm | 4:0] opcode S-type
imm|[12]10:5] rs2 rs1 functd | imm[4:1|11] opcode B-type
imm|31:12] rd opcode U-type
imm[20[10:1]11]19:12] red opcode J-type
RV 32l Base Instruction Set
imm|31:12] rd 0110111 LUI
imm[31:12] rd 0010111 AUIPC
fmm[20[10:1[11[10:12] rd 101111 | JAL
imm[11:0] rsl 000 rd 1100111 JALR
imm|12{10:5] 52 sl 000 imm|4:1|11] 1100011 BEQ
imm|12|10:5 rs2 sl 001 imm [4:1|11 1100011 BNE
imm|12{10:5 rs2 rsl 100 imm|4:1|11 1100011 BLT
imm|[12|10:5 rs2 rsl 101 imm|4:1|11 1100011 BGE
imm|12{10:5 rs2 rsl 110 imm|4:1|11 1100011 BLTU
imm|[12]10:5] r52 rsl 111 imm[4:1]11] 1100011 BGEU
imm|11:0] rsl 000 rd 0000011 LB
imm|11:0 rsl 001 rd 0000011 LH
imm|[11:0 rsl 010 re 0000011 LW
imm|11:0) rsl 100 rd 0000011 LBU
imm[11:0 sl 101 rd 0000011 LHU
imm|11:5 rs2 rsl 000 imm |4:()) 0100011 SB
imm([11:5 rs2 rsl 001 imm|4:0)] 0100011 SH
imm[11:5] rs2 rsl 010 imm|4:0)] 0100011 SW
imm|11:0] rsl 000 red 0010011 ADDI




CurHanbl ynpasneHusa 2

Instruction cmdOp cmdF3 cmdFT aluSrc |aluControal wdSrc regWrite pcSrc branch condZero
ADDI 0010011 000 TEPIPTT
|
[ B:0 ] cmdCp d branch H“'J
[14:12] cmdF3 condZero
[31:25] cmdF7 E
= =
= N Control Unit )& 3 &
= 5] . =] 3 =
fal & regWrite ™ ™ ™
. instr |[19:15] rs1 E WE3 srch
0 PC w3 A RD - Al RD1
| [24:20] s2 | A 0o
Instruction [11:7 1 rd | >ALU
Memory N A3 o | srcB
imm
1 Register ! /f
WD3 .
0 File
irmrmil
aluResult
immB
pcplusq‘ |H5'¢ILIC“'DI'I pcBrar“:h
Decode > +
4




CurHanbl ynpasrneHusa 3

Instruction cmdOp cmdF3 cmdFT aluSrc |aluControal wdSrc regWrite pcSrc branch condZero
ADDI oo010011 000 TRTIIIIT 1 000
|
[ 6:0 ] cmdOp d branch H“'J
['1-4:12] cmdF3 condZero
[31:25] cmdF7 E
. 3] = =
E \ Control Unit J 5 3 =
[+] & . = = =
sl & regWrite ™ m ™
=
'r-S'r [1915] 51 ; WE3 S'm"'!"
g:] PC >>2 L A RD 2= ’ A1 RD1
| [24:20] s2 | A 0o
Instruction [11:7 1 rd | >ALU
Memory N A3 o | srcB
imm
1 Register ! /f
WD3 .
0 File
immi
aluResult
immB
pcplusq‘ |H5'¢ILIC“'DI'I pcBrar“:h
Decode > +
4

47



CurHanbl ynpasneHus 4

branch condZero

Instruction cmdOp cmdF3 cmdFT aluSrc |aluControal wdSrc regWrite pcSrc
ADDI oo010011 000 TRPIIIT 1 o0 0 1
|
[ 6:0 ] cmdOp d branch H“'J
['1-4:12] cmdF3 condZero
[31:25] cmdF7 E
= =
= N Control Unit )& 3 &
[&] [T ] = = =
ol o regWrite o | ™
=
1] '] \ instr |[19:13] rs1 z WE3 —
0 PC w3 A RD Al RD1
Instruction [11:7 1 rd >ALU
Memory N A3 o | srcB
imm [~
1 Register ! /f
WD3 .
0 File
irmrmil
aluResult
immB
pcplusq‘ |H5'¢ILIC“'DI'I pcBrar“:h
Decode > +
4




CurHanbl ynpaBrneHusa 5

cmdF3 cmdFT aluSrc |aluControal wdSrc regWrite pcSrc branch condZero

Instruction cmdOp
1 0 ] ]

ADDI 0010011 Q0o RTERY? 1 Qoo 0

[ 6:0 ] cmdOp d branch H“'J
['1-4:12] cmdF3 condZero
[31:25] cmdF7 E
o : g 5| B
&= \_ Control Unit & & r?j
1= =] . = = =
sl & regWrite ™ | ™
=
i 18:15 = WE3 srch
g:] PC - A RD |—pnstr [[19:19] rs1 Al RD1
Instruction (117 1 rd | >"5‘LU
Memory N A3 o | srcB
imm
1 Register ! /f
wD3 i
L] File
immil
aluResult
immB
pcplusq‘ |H5'¢ILIC“'DI'I pcBrar“:h
Decode > +
4




CurHanbl ynpaBrneHus 6

Instruction cmdOp cmdF3 cmdFT aluSrc |aluControal wdSrc regWrite pcSrc branch condZero
ADDI oo010011 000 TRPIIIT 1 o0 0 1 0 0 0
|
[ 6:0 ] cmdOp d branch H“'J
['1-4:12] cmdF3 condZero
[31:25] cmdF7 [Z
E e
E N Control Unit )& 3 &
[&] 0 ] = = =
(=1 & regWrite o | ™
1] instr |[19:13] rs1 E WE3 —
0 PC w3 A RD Al RD1
Instruction [11:7 1 rd | >ALU
Memory N A3 o | srcB
imm
1 Register ! /f
WD3 .
0 File
irmrmil
aluResult
immB
pcplusq‘ |H5'¢ILIC“'DI'I pcBrar“:h
Decode > +
4




CurHanbl ynpasneHusa 7

Instruction cmdOp cmdF3 cmdFT aluSrc |aluControal wdSrc regWrite pcSrc branch condZero
ADDI oo010011 000 TRPIIIT 1 o0 1 0 0 0
ADD 0110011 000 0000000

|
[ B:0 ] cmdCp d branch H“'J
[14:12] cmdF3 condZero
[31:25] cmdF7 E .
[= =
E N Control Unit )& 3 x
[&] 5] . = 3
sl & regWrite ™ |
=
inztr |[19:135 = WWE3 srch
g:] pC || | A RO instr |[ ] rs1 » ~D1
| [24:20] rs2 |
AZ RD2
Instruction [11:7 1 rd |
Memory - A3 o | srcB
immlJ 1
1 Register
0 w3 File
irmrmil
aluResult
immB
pcplusq‘ |H5'¢ILIC“'DI'I pcBrar“:h
Decode > +
4

51



CurHanbl ynpaBrieHus 8

branch condZero

Instruction cmdOp cmdF3 cmdFT aluSrc |aluControal wdSrc regWrite pcSrc
ADDI oo010011 000 TRPIIIT 1 o0 0 1 0 0 0
ADD 0110011 000 Qooooo0D 0 000
|
[ 6:0 ] cmdOp d branch H“'J
['1-4:12] cmdF3 condZero
[31:25] cmdF7 E
= =
= N Control Unit )& 3 &
= 5] . =] 3 =
sl & regWrite ™ | ™
=
1] '] \ instr [[19:13] rs1 = WE3 —
o PC >3 i) RD Al RDA1
| [24:20] rs2 o -
Instruction [11:7 1 rd _| >ALU
Memory N A3 o | srcB
imm
1 Register ! /f
WD3 .
0 File
irmrmil
aluResult
immB
pcplusq‘ |H5'¢ILIC“'DI'I pcBrar“:h
Decode > +
4




CurHanbl ynpaBrnieHumsa 9

branch condZero

Instruction cmdOp cmdF3 cmdFT aluSrc |aluControal wdSrc regWrite pcSrc
ADDI oo010011 000 TRPIIIT 1 o0 0 1 0 0 0
ADD 0110011 000 Qooooo0D 0 o0 0 1
|
[ 6:0 ] cmdOp d branch H“'J
['1-4:12] cmdF3 condZero
[31:25] cmdF7 E
= =
= N Control Unit )& 3 &
[&] [T ] = = =
ol o regWrite o | ™
=
1] '] \ instr |[19:13] rs1 z WE3 —
o PC >3 i) RD Al RDA1
| [24:20] s2 | o -
Instruction [11:7 1 rd >ALU
Memory N A3 o | srcB
imm [~
1 Register ! /f
WD3 .
0 File
irmrmil
aluResult
immB
pcplusq‘ |H5'¢ILIC“'DI'I pcBrar“:h
Decode > +
4




CurHanbl ynpasneHusa 10

Instruction cmdOp cmdF3 cmdFT aluSrc |aluControal wdSrc regWrite pcSrc branch condZero
ADDI oo010011 000 TRPIIIT 1 o0 0 1 0 0 0
ADD 0110011 000 Qooooo0D 0 o0 0 1 0 ] 0

]
[ 6:0 ] cmdOp d branch H“'J
['1-4:12] cmdF3 condZero
[31:25] cmdF7 E
E | E 5 5
&= \_ Control Unit & & r?j
= 5] . =] = =
sl & regWrite ™ | ™
=
1] '] \ instr [[19:13] rs1 = WE3 —
o PC >3 i) RD Al RDA1
Instruction [11:7 1 rd | >ALU
Memory N A3 o | srcB
imm
1 Register ! /f
WD3 .
0 File
irmrmil
aluResult
immB
pcplusq‘ |H5'¢ILIC“'DI'I pcBrar“:h
Decode > +

54



CurHanb! ynpasneHusa 11

branch condZero

Instruction cmdOp cmdF3 cmdFT aluSrc |aluControal wdSrc regWrite pcSrc
ADDI oo010011 000 TRPIIIT 1 o0 0 1 0 0 0
ADD 0110011 000 Qooooo0D 0 o0 0 1 0 0 0
|
[ 6:0 ] cmdOp d branch H“'J
['1-4:12] cmdF3 condZero
[31:25] cmdF7 [Z
E e
E N Control Unit )& 3 &
= 5] . =] 3 =
sl & regWrite ™ | ™
=
1] I \ instr [[19:15] rs1 z WE3 srch
o PC >3 i) RD Al RDA1
| [24:20] s2 | A 0o
Instruction [11:7 1 rd _| >ALU
Memory N A3 o | srcB
imm
IHH:I Register ! /f
WD3 .
0 File
irmrmil
aluResult
immB
pcplusq‘ |H5'¢ILIC“'DI'I pcBrar“:h
Decode > +
4




CurHanbl ynpaBneHusa 12

branch condZero

Instruction cmdOp cmdF3 cmdFT aluSrc |aluControal wdSrc regWrite pcSrc
ADDI oo010011 000 TRPIIIT 1 o0 0 1 0 0 0
ADD 0110011 000 Qooooo0D 0 o0 0 1 0 0 0
Lul 0110111 TP TTPIPT?
|
[ B:0 ] cmdCp d branch H“'J
['1-4:12] cmdF3 condZero
[31:25] cmdF7 E
= =
= N Control Unit )& 3 &
[&] 0 ] = = =
(=1 & regWrite o | ™
=
1] '] \ instr [[19:13] rs1 = WE3 —
PC e .Y RO Al RO
Instruction [11:7 1 rd | >ALU
Memory N A3 o | srcB
imm
1 Register ! /f
WD3 .
0 File
irmrmil
aluResult
immB
pcplusq‘ |H5'¢ILIC“'DI'I pcBrar“:h
Decode > +
4




CurHanbl ynpasneHusa 13

branch condZero

Instruction cmdOp cmdF3 cmdFT aluSrc |aluControal wdSrc regWrite pcSrc
ADDI oo010011 000 TRPIIIT 1 o0 0 1 0 0 0
ADD 0110011 000 Qooooo0D 0 o0 0 1 0 0 0
LI 0110111 Aty TRPITIT? 1 1
|
[ 6:0 ] cmdOp d branch H“'J
['1-4:12] cmdF3 condZero
[31:25] cmdF7 E
= =
= N Control Unit )& 3 &
1= 5] . =] 3 =
ol o regWrite ™ | ™
=
'r-S'r [1915] 1 :": WE3 S'm"'!"
1\-‘] PC e fiy RO st rs Al RD1
0 | [24:20] s2 | o -
Instruction [11:F 1 rd >ALU
Memory ) ._I A3 o | srcB
i
IHH:I Register ! /f
WD3 .
0 File
irmrmil
aluResult
immB
pcplusq‘ |H5'¢ILIC“'DI'I pcBrar“:h
Decode > +
4




CurHanbl ynpasneHusa 14

Instruction cmdOp cmdF3 cmdFT aluSrc |aluControal wdSrc regWrite pcSrc branch condZero
ADDI oo010011 000 TRPIIIT 1 o0 0 1 0 0 0
ADD 0110011 000 Qooooo0D 0 o0 0 1 0 0 0
LI 0110111 Aty TRPITIT? 0 000 1 1 0 ] 0

|
[ 6:0 ] cmdOp d branch H“'J
['1-4:12] cmdF3 condZero
[31:25] cmdF7 E
= =
= N Control Unit )& 3 &
= 5] . =] 3 =
ol o regWrite ™ | ™
=
i ll 'r-S'r [1915] 1 :": WE3 S'm"'!"
1\-‘] PC e fiy RO st rs Al RD1
0 | [24:20] s2 | o -
Instruction [11:F 1 rd >ALU
Memory ) ._I A3 o | srcB
i
IHH:I Register ! /f
WD3 .
0 File
irmrmil
aluResult
immB
pcplusq‘ |H5'¢ILIC“'DI'I pcBrar“:h
Decode > +

58



CurHanbl ynpaBneHusa 15

Instruction cmdOp cmdF3 cmdFT aluSrc |aluControal wdSrc regWrite pcSrc branch condZero
ADDI oo010011 000 TRPIIIT 1 o0 0 1 0 0 0
ADD 0110011 000 Qooooo0D 0 o0 0 1 0 0 0
LI 0110111 Aty TRPITIT? 0 o0 1 1 0 0 0

|
[ 6:0 ] cmdOp d branch H“'J
['1-4:12] cmdF3 condZero
[31:25] cmdF7 E
= =
E N Control Unit )& 3 &
= 5] . =] 3 =
sl & regWrite ™ | ™
=
inztr ([19:135 = WWE3 srch
1] PC || s | A RO instr |[ ] rs1 » ~D1
0 | [24:20] s2 | A 0o
Instruction [11:F 1 rd >ALU
Memory ) ._I A3 o | srcB
i
IHH:I Register ! /f
WD3 .
0 File
irmrmil
aluResult
immB
pcplusq‘ |H5'¢ILIC“'DI'I pcBrar“:h
Decode > +

59



CurHanbl ynpasneHua 16

Instruction cmdOp cmdF3 cmdFT aluSrc |aluControal wdSrc regWrite pcSrc branch condZero
ADDI oo010011 000 TRPIIIT 1 o0 0 1 0 0 0
ADD 0110011 000 Qooooo0D 0 o0 0 1 0 0 0
LI 0110111 Aty TRPITIT? 0 o0 1 1 0 0 0
BEQ 1100011 000 TPPIPTT

|
[ B:0 ] cmdCp d branch H“'J
['14:12] cmdF3 condZero
[31:25] cmdF7 E
= =
E N Control Unit )& 3 &
1= 5] . =] 3 =
fal & regWrite ™ ™ ™
=
| '| inztr [[1913] r=1 = WWE3 srch
1] PC >3 A RD o=t = A1 RD1
Instruction [11:7 1 rd | >ALU
Memory N A3 o | srcB
imm
1 Register ! /f
WD3 .
0 File
immil
aluResult
immB
pcplusq‘ |H5'¢ILIC“'DI'I pcBrar“:h
Decode > +




CurHanbl ynpasneHua 17

Instruction cmdOp cmdF3 cmdFT aluSrc |aluControal wdSrc regWrite pcSrc branch condZero
ADDI oo010011 000 TRPIIIT 1 o0 0 1 0 0 0
ADD 0110011 000 Qooooo0D 0 o0 0 1 0 0 0
LI 0110111 Aty TRPITIT? 0 o0 1 1 0 0 0
BEQ 1100011 000 FRPIIIT 0 100

|
[ 6:0 ] cmdOp d branch H“'J
['1-4:12] cmdF3 condZero
[31:25] cmdF7 E
= =
= N Control Unit )& 3 &
[&] 0 ] = = =
(=1 & regiirite m ™ ™
=
1] '] \ instr [[19:13] rs1 = WE3 —
PC w3 A RD Al RD1
Instruction [11:7 1 rd _| >ALU
Memory N A3 o | srcB
imm
1 Register ! /f
WD3 .
0 File
irmrmil
aluResult
immB
pcplusq‘ |H5'¢ILIC“'DI'I pcBrar“:h
Decode > +
4




CurHanbl ynpasneHusa 18

Instruction cmdOp cmdF3 cmdFT aluSrc |aluControal wdSrc regWrite pcSrc branch condZero
ADDI oo010011 000 TRPIIIT 1 o0 0 1 0 0 0
ADD 0110011 000 Qooooo0D 0 o0 0 1 0 0 0
LI 0110111 Aty TRPITIT? 0 o0 1 1 0 0 0
BEQ 1100011 000 FRPIIIT 0 100 0 0

|
[ 6:0 ] cmdOp d branch H“'J
['1-4:12] cmdF3 condZero
[31:25] cmdF7 E
= =
E N Control Unit )& 3 &
[&] 0 ] = = =
(=1 & regiirite m ™ ™
=
1] || | instr |[19:13] rs1 = WE3 —
PC w3 A RD Al RD1
Instruction [11:7 1 rd _| >ALU
Memory N A3 o | srcB
imm
1 Register ! /f
WD3 .
0 File
irmrmil
aluResult
immB
pcplusq‘ |H5'¢ILIC“'DI'I pcBrar“:h
Decode > +
4




CurHanbl ynpasneHusa 19

Instruction cmdOp cmdF3 cmdFT aluSrc |aluControal wdSrc regWrite pcSrc branch condZero
ADDI oo010011 000 TRPIIIT 1 o0 0 1 0 0 0
ADD 0110011 000 Qooooo0D 0 o0 0 1 0 0 0
LI 0110111 Aty TRPITIT? 0 o0 1 1 0 0 0
BEQ 1100011 000 FRPIIIT 0 100 0 0

|
[ 6:0 ] cmdOp d branch H“'J
['1-4:12] cmdF3 condZero
[31:25] cmdF7 E
= =
E N Control Unit )& 3 &
= 5] . =] 3 =
fal & regWrite ™ ™ ™
=
1] || | instr |[19:13] rs1 = WE3 —
PC w3 A RD Al RD1
Instruction [11:7 1 rd | >ALU
Memory N A3 o | srcB
imm
1 Register ! /f
WD3 .
0 File
irmrmil
aluResult
immB
pcplusq‘ |H5'¢ILIC“'DI'I pcBranDh
Decode +
4




CurHanbl ynpasneHus 20

Instruction cmdOp cmdF3 cmdFT aluSrc |aluControal wdSrc regWrite pcSrc branch condZero
ADDI oo010011 000 TRPIIIT 1 o0 0 1 0 0 0
ADD 0110011 000 Qooooo0D 0 o0 0 1 0 0 0
LI 0110111 Aty TRPITIT? 0 o0 1 1 0 0 0
BEQ 1100011 000 FRPIIIT 0 100 0 0 aluZero 1 1

]
[ 60 ] crmdOp i branch =1 _“IJ
[14:12] cmdF3 1
- icondZero=1 =
i [31:25] cmdF7 B '"‘
=
= N Control Unit y 3 2
[+ 5] . = ﬁ
=l & regWrite ™ 3
= [is]
1] '] \ instr [[19:13] rs1 = WE3 —
PC w3 A RD Al RD1
Instruction [11:7 1 rd | >ALU
Memory N A3 o | srcB
imm
1 Register ! /f
WD3 .
0 File
irmrmil
aluResult
immB
pcplusq‘ |H5'¢ILIC“'DI'I pcBranDh
Decode +
4

64



CurHanbl ynpasneHus 21

Instruction cmdOp cmdF3 cmdFT aluSrc |aluControal wdSrc regWrite pcSrc branch condZero
ADDI oo010011 000 TRPIIIT 1 o0 0 1 0 0 0
ADD 0110011 000 Qooooo0D 0 o0 0 1 0 0 0
LI 0110111 Aty TRPITIT? 0 o0 1 1 0 0 0
BEQ 1100011 000 FRPIIIT 0 100 0 0 aluZero 1 1

]
[ 60 ] crmdOp i branch =1 _“IJ
[14:12] cmdF3 0
= icondZero=1 =
i [31:25] cmdF7 B T
=
= N Control Unit y 3 2
[+ 5] . 2 f]
& regiirite i} 3
a [19:15] E: WE3 rch N
i : 5
"L ec 252 A RD [0St re1 A1 RD1
Instruction [11:7 1 rd | >ALU
Memory N A3 o | srcB
imm
1 Register ! /f
WD3 .
0 File
irmrmil
aluResult
immB
pcplusq‘ |H5'¢ILIC“'DI'I pcBrar“:h
Decode > +
4




CurHanbl ynpaBrneHus 22

Instruction cmdOp cmdF3 cmdFT aluSrc |aluControal wdSrc regWrite pcSrc branch condZero
ADDI oo010011 000 TRPIIIT 1 o0 0 1 0 0 0
ADD 0110011 000 Qooooo0D 0 o0 0 1 0 0 0
LI 0110111 Aty TRPITIT? 0 o0 1 1 0 0 0
BEQ 1100011 000 FRPIIIT 0 100 0 0 aluZero 1 1
BMNE 1100011 001 TTPITTT

|
[ B:0 ] cmdCp d branch H“'J
['14:12] cmdF3 condZero
[31:25] cmdF7 E
= =
E N Control Unit )& 3 &
[&] 0 ] = = =
(=1 & regiirite m ™ ™
=
| '| inztr [[1913] r=1 = WWE3 srch
1] PC >3 A RD o=t = A1 RD1
0 | [24:20] s2 | A 0o
Instruction [11:7 1 rd | >ALU
Memory N A3 o | srcB
imm
1 Register ! /f
WD3 .
0 File
immil
aluResult
immB
pcplusq‘ |H5'¢ILIC“'DI'I pcBrar“:h
Decode > +
4

66



CurHanbl ynpasneHusa 23

Instruction cmdOp cmdF3 cmdFT aluSrc |aluControal wdSrc regWrite pcSrc branch condZero
ADDI oo010011 000 TRPIIIT 1 o0 0 1 0 0 0
ADD 0110011 000 Qooooo0D 0 o0 0 1 0 0 0
LI 0110111 Aty TRPITIT? 0 o0 1 1 0 0 0
BEQ 1100011 000 FRPIIIT 0 100 0 0 aluZero 1 1
BMNE 1100011 001 FRPIIIT 0 100 0 0

|
[ 6:0 ] cmdOp d branch H“'J
['1-4:12] cmdF3 condZero
[31:25] cmdF7 E
= =
E N Control Unit )& 3 &
[&] 0 ] = = =
(=1 & regiirite m ™ ™
=
1] I \ instr [[19:15] rs1 z WE3 srch
PC e .Y RO Al RO
Instruction [11:7 1 rd _| >ALU
Memory N A3 o | srcB
imm
1 Register ! /f
WD3 .
0 File
irmrmil
aluResult
immB
pcplusq‘ |H5'¢ILIC“'DI'I pcBrar“:h
Decode > +
4

67



CurHanbl ynpasneHus 24

Instruction cmdOp cmdF3 cmdFT aluSrc |aluControal wdSrc regWrite pcSrc branch condZero
ADDI oo010011 000 TRPIIIT 1 o0 0 1 0 0 0
ADD 0110011 000 Qooooo0D 0 o0 0 1 0 0 0
LI 0110111 Aty TRPITIT? 0 o0 1 1 0 0 0
BEQ 1100011 000 FRPIIIT 0 100 0 0 aluZero 1 1
BMNE 1100011 001 FRPIIIT 0 100 0 0 ~aluZero 1 i
]
[ 60 ] crmdOp i branch =1 _“IJ
[14:12] cmdF3 1
- icondZero=0 =
i [31:25] cmdF7 B T
=
= N Control Unit y 3 2
[+ 5] . 2 f]
& regiirite i} 3
= [is]
1] '] \ instr [[19:13] rs1 = WE3 —
PC e .Y RO Al RO
0 | [24:20] rs2 | A 0o
Instruction [11:7 1 rd | >ALU
Memory N A3 o | srcB
imm
1 Register ! /f
WD3 .
0 File
irmrmil
aluResult
immB
pcplusq‘ |H5'¢ILIC“'DI'I pcBranDh
Decode +
4




CurHanbl ynpaBneHus 25

Instruction cmdOp cmdF3 cmdFT aluSrc |aluControal wdSrc regWrite pcSrc branch condZero
ADDI oo010011 000 TRPIIIT 1 o0 0 1 0 0 0
ADD 0110011 000 Qooooo0D 0 o0 0 1 0 0 0
LI 0110111 Aty TRPITIT? 0 o0 1 1 0 0 0
BEQ 1100011 000 FRPIIIT 0 100 0 0 aluZero 1 1
BMNE 1100011 001 FRPIIIT 0 100 0 0 ~aluZero 1 i
]
[ 60 ] crmdOp i branch =1 _“IJ
[14:12] cmdF3 0
= icondZero=0 =
i [31:25] cmdF7 B '"‘
=
= N Control Unit y 3 2
[+ 5] . 2 ﬁ
& regiirite i} 3
= [is]
1] '] \ instr [[19:13] rs1 = WE3 —
PC e .Y RO Al RO
0 | [24:20] rs2 | A 0o
Instruction [11:7 1 rd | >ALU
Memory N A3 o | srcB
imm
1 Register ! /f
WD3
0 File
irmrmil
aluResult
immB
pcplusq‘ |H5'¢ILIC“'DI'I pcBrar“:h
Decode > +
4




CurHanbl ynpasneHusa 26

Instruction cmdOp cmdF3 cmdFT aluSrc |aluControal wdSrc regWrite pcSrc branch condZero
ADDI oo010011 000 TRPIIIT 1 o0 0 1 0 0 0
ADD 0110011 000 Qooooo0D 0 o0 0 1 0 0 0
LI 0110111 Aty TRPITIT? 0 o0 1 1 0 0 0
BEQ 1100011 000 FRPIIIT 0 100 0 0 aluZero 1 1
BMNE 1100011 001 FRPIIIT 0 100 0 0 ~aluZero 1 0
|
[ 6:0 ] cmdOp d branch H“'J
['1-4:12] cmdF3 condZero
[31:25] cmdF7 E
= =
= N Control Unit )& 3 &
[&] 0 ] = = =
fal :E‘ regWrite m ™ ™
=
1] '] \ instr [[19:13] rs1 = WE3 —
PC e .Y RO Al RO
0 | [24:20] s2 | A 0o
Instruction [11:7 1 rd | >ALU
Memory N A3 o | srcB
imm
1 Register ! /f
WD3 .
0 File
irmrmil
aluResult
immB
pcplusq‘ |H5'¢ILIC“'DI'I pcBrar“:h
Decode > +
4




Peanusauus: kogbl MHCTPYKUUN

// sr_cpu.vh

// instruction opcode

“define RVOP_ADDI 7'b0010011
“define RVOP_BEQ 7'b1100011

// instruction funct3

“define RVF3 ADDI 3'booo
“define RVF3 BEQ 3'b0ooo
“define RVF3_BNE 3'boo1
“define RVF3 _ADD 3'b0ooo

“define RVF3_ANY 3'b???

// instruction funct?
“define RVF7_ADD 7 'bo000000

“define RVF7_ANY 7'b?22?2??
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Peanusauus: ycTpouUCTBO yrnpaBneHus (Ha4vasno)

// sr_cpu.v

module sr_control

(
input
input
input
input
output
output
output
output
output

)
reg
reg
assign

reg
reg
reg
reg [2

pcSrc

aluZero,
pcsSrc,
reghirite,
aluSrc,
wdSrc,

:0] aluControl

branch;
condZero;
= branch & (aluZero ==

condZero);
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Peanunsauus: yCTpouCTBO yrnpaBneHus (npoaonxeHue)

// sr_cpu.v

always @ (*) begin

branch
condZero
reghirite
aluSrc
wdSrc
aluControl

1'bo;
1'bo;
1'bo;

= 1'bo;

1'bo;
“ALU_ADD;

casez( {cmdF7, cmdF3, cmdOp} )

{ "RVF7_ADD, “RVF3_ADD, “RVOP_ADD } : begin
{ "RVF7_OR, "RVF3_OR, “RVOP OR } : begin
{ RVF7_SRL, "RVF3_SRL, “RVOP_SRL } : begin
{ "RVF7_SLTU, “RVF3_SLTU, “RVOP_SLTU } : begin
{ "RVF7_SUB, “RVF3_SUB, “RVOP _SUB } : begin
{ "RVF7_ANY, “RVF3_ADDI, “RVOP_ADDI } : begin
{ "RVF7_ANY, “RVF3_ANY, “RVOP_LUI } : begin
{ "RVF7_ANY, "RVF3_BEQ, “RVOP BEQ } : begin
{ "RVF7_ANY, "RVF3_BNE, “RVOP BNE } : begin

endcase
end

regWrite

regWrite =
regWrite =
regWrite =

regWrite

regirite
regiWrite

branch
branch

= 1'bl; aluControl
1'bl; aluControl
1'bl; aluControl
1'bl; aluControl
= 1'bl; aluControl

= 1'bl; aluSrc
= 1'bl; wdSrc

1'bl; condZero = 1'

1'bl; aluControl =

“ALU_ADD; end
"ALU_OR; end
“ALU_SRL; end
"ALU_SLTU; end
"ALU_SUB; end

bl; end

bl; aluControl =
"ALU SUB; end

1'bl; aluControl = "ALU _ADD; end
1 1

"ALU_SUB; end
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UYto panblue?

e LiIndppoBasa cxeMoTeEXHUKA U apXUTEKTYpa KOMMbIOTEpa
David Harris & Sarah Harris
OMK [pecc

e LindppoBon cnHTE3: NpakTUYECKUN KYpPC
AnekcaHap PomaHoB & FOpuu NaH4uyn
OMK [Npecc

e Syntacore SCR1
https://github.com/syntacore/scr1
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https://github.com/syntacore/scr1

Bawun Bonpochbi?
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