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2 Datapath

Instruction execution in RISC-V

O Fetch:

m Take instructions from the instruction memory
= Modify PC to point to the next instruction
O Instruction decoding & Read Operand:

= Will be translated into machine control command
= Reading Register Operands, whether or not to use
= Reading Register Operands, whether or not to use

O Executive Control:
= Control the implementation of the corresponding ALU operation

O Memory access:

= Write or Read data from memory
= Only 1d/sd

O Write results to register:
m [fitis R-type instructions, ALU results are written to rd
m [fit1s [-type instructions, memory data are written to rd

O MOdify PC for branch instructions

Modify PC 255, RITEMENELER, BifFEMHESHNImIEERT
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Executive Control, ALU operations

Mem access, FAEFTBIESEHFZELF, 1d/sd

Write to reg, R/I
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Read reg operands
Calculate address, use ALU, 12-bit offset, sign extened
Read/Write reg/mem
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2.1.4 Branch

Read reg operands
Compare operands
ALU zero output

Calculate target address
sign-extend displacement
shift left 1
add to PC value

PC from instruction datapath

Sum Branch
Add target

> Regd ALU operation
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jal x0, Loop
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inst fetch

decode & reg read
execute

mem

write to reg
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3 Control

O Analyze for cause and effect
B Information comes from the 32 bits of the instruction
W Selecting the operations to perform (ALU, read/write, etc.)
M Controlling the flow of data (multiplexor inputs)

B ALU's operation based on instruction type and function code

Name Field Comments
(Field Size) 7 bits 5 bits 5 bits 3 bits 5 bits 7 bits
R-type funct7 | rs2 rsi funct3 rd opcode Arithmetic instruction format
l-type immediate[11:0] rsi funct3 rd opcode Loads & immediate arithmetic
S-type immed[11:5] rs2 rsl funct3 | immed[4:0] opcode Stores
SB-type immed[12,10:5] rs2 rsl funct3 fimmed[4:1,11] opcode Conditional branch format
UJtype immediate[20,10:1,11,19:12] I rd opcode Unconditional jump format
U-type » immediate[31:12] I rd opcode Upper immediate format

3.1 I=HlES 7+4



O There are 7+4 signals

Branch
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Read aa [ﬂemtoReg
Instruction register 2
.. Registers R > Read
Write ead Address >
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Signals for datapath Defined 7 control signals

Signal name Effect when deasserted(=0) Effect when asserted(=1)
. None Register destination input is written with the value on the
RegWrite Write data input
ALUS The second ALU operand come from the The second ALU operand is the sign-extended lower 16
s second register file output (Read data 2) bits of the instruction..
Branch The PC is replaced by the output of the adder | The PC is replaced by the output of the adder that
(PCSrec) that computers the value PC+4 computers the branch target.
Jump The PC is replaced by PC+4 or branch target | The PC is updated by jump address computed by adder
None Data memory contents designated by the address input
MemRead are put on the Read data output.
) None Data memory contents designated by the address input
MemWrite are replaced by value on the Write data input.
00: The value fed to register Write data input | 01: The value fed to the register Write data input comes
MemtoReq | comes from the Alu from the data memory.
(24) 10: The value fed to the register Write data input comes
from PC+4
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Truth tables & Circuitry of main Controller
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Instruction |OPCode ALUSrcB M:elijr;i% V%Wfii II\RA::! Vncfirt: Branch |Jump Aol;:" Aol,;kl
R-format | 0110011 0 00 1 0 0 0 0 1 0
Ld(I-Type) | 0000011 1 01 1 1 0 0 0 0 0
sd(S-Type) | 0100011 1 X 0 0 1 0 0 0 0
bea(SB-Type) 1100111 0 X 0 0 0 1 0 0 1
Jal(UJ-Type)| 1101111 X 10 1 0 0 0 1 X X
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XEBERAT ZHRiFRS, control HHHAY ALUOp 2 2 {AY
XF x HER
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jal AEEF ALU A{Hali{E, FrLA ALUSrcB = ALUOp = don't care
Instruction memory & Data memory
MRS, BRI REELE
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3.2.1 XFHHER
Design the ALU Decoder second level

O ALU operation is decided by 2-bit ALUOp derived
from opcode, and funct7 & funct3 fields of the
instruction

= Combinational logic derives ALU control

opcode ALUOp Operation Funct7 funct3 ALU function ALU control
Id 00 load register XXXXXXX XXX add 0010
sd 00 store register XXXXXXX XXX add 0010
beq 01 branch on equal XXXXXXX XXX subtract 0110
R-type 10 add 0000000 000 add 0010
subtract 0100000 000 subtract 0110
AND 0000000 11 AND 0000
OR 0000000 110 OR 0001
SLT 0000000 010 Slt 0111

3.3 BZ Ot

CO_Ch4 _Pt1, p.54

4 Conclusion
IBF T ERIKE]



Truth tables & Circuitry of main Controller
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Instruction [19-15]
o | Read ?e%?gteﬂ
address Read
Instruction [24-20] Read data 1
Instruction register 2

[31-0] Write Read
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Instruction | OPCode ALUSrcB Mﬁzjw v%ﬁf; II\::;:‘! x:rt: Branch |Jump AOI;:J AOI;(P
R-format | 0110011 0 00 1 0 0 0 0 1 0
Ld(I-Type) | 0000011 1 01 1 1 0 0 0 0 0
sd(S-Type) | 0100011 1 X 0 0 1 0 0 0 0
bea(SB-Type) 1100111 0 X 0 0 0 1 0 0 1
Jal(UJ-Type)| 1101111 X 10 1 0 0 0 1 X X

Design the ALU Decoder second level

O ALU operation is decided by 2-bit ALUOp derived
from opcode, and funct7 & funct3 fields of the
instruction

= Combinational logic derives ALU control

opcode ALUOp Operation Funct7 funct3 ALU function ALU control
Id 00 load register XXXXXXX XXX add 0010
sd 00 store register XXXXXXX XXX add 0010
beq 01 branch on equal XXXXXXX XXX subtract 0110
R-type 10 add 0000000 000 add 0010
subtract 0100000 000 subtract 0110
AND 0000000 11 AND 0000
OR 0000000 110 OR 0001
SLT 0000000 010 Sit 0111




