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Working Version of Pipelined Diagram:

3-stage Datapath : Memory relative in data path

1) When Reads andWrites occur in register file ALU-stage :
DMEM 3 IMEM are in sync.

and memory relative to the pipeline stage).

↳ Instruction Fetch ID/EX : Decode instruction,
Mem/WB :

Read: the instruction memory (IMEM) is read using read registers , generate imm.
- Access DMEM (load/store

PC then fetch instruction passed to next stage E and execute ALL I and write back to

Write : written to PC reg to fetch next instruction in the cycle operations register file

Instruction
Fetch Instruction.Decode/Execute Memory/Write Back

[
ALU >

PC+Y +
-0 -

> PC +4
ALU

9 S2-pc-pluse
RegFile

⑭EM "RegWrite Data 91
SA EM

RegReadDataI so
ALL

inst[11:7]
RegWriteIndex Y Branch

& C MemAddress Yl

9 PC

inst
inst[9 : 15]

a RegReadIndex1

Y

↑

comp ALL dresultscord PC+Y
92

I RegReadDataZ Y 0 MemReadData Mem

inst[IY :20]
a RegReadIndex Y1

- B
50

,

RegWEn X X

> MemWriteData
C Imm E

Gen S2-Regwrite MemRW
N N

S S
--Wissel

- N ---- -

inst(WB) RegWEn inst(ID) Immsel inst(EX) BrinBrEqBrLT BSel ASel ALUSel MemRW ins+(m) PCSel WBsSel



Checkpoint 2 : - ImplementI (control status reg read/write) (control status reg read/write immediate
&

Control and Status Register (CSR) carw tohost
,

+2 -> (short for CsrrwXO
,

Csr
, rs1) Csr = Ox5IE

earwi tohost
, 1- (short for CSrrwiXO , csu, Zimm) Csr = OX5IE

↳ some state that is stored csrw : writes a value from register 't2 and writes it into register tohost which has address Ox5IE

independent of the register file used by the test harness to check if the processor is working correctly
and the memory

↳ 212 possible CSR addresses

(tohost= Ox5IE)
↳ register is monitored by the test harness

,
and

Simulation ends when a value is written to register Rest Need Input Reset Signal -> for testbench

output= I success

> 1 gives clues to 267 ↳ file SRC/coust. vh)
location of failure · reset should start PC address #x2000 ,

the begin executing instructions

Misaligned Addresses
Instruction

Fetch Instruction.Decode/Execute Memory/Write Back

↳ ignore the misaligned bits (set them to zero) ALU
[

>

by using address bits 31 : 2 (Memory 151. v) epc-plus- + S2-pc-plus-Y

iCT Des A
es1-PC-reg 1

+4

RegFile
"RegWrite Data

SA

Files needing edits : ⑭EM
inst[11:7]

RegReadDataI T EM ALL
Yl

Riscv151 .
v

,
risch-test-harness .

v
,

dep
inst

-

RegWriteIndex

*Branchhe Acuf > MemAddress

PC+Y

So-pc-reg
inst[9 : 15]

a RegReadIndex1 rs2-data All-result
92

RegReadDataZ
& MemReadData

Memory151 . V, & inst[24 :20
9 Reg Read IndexZ To

* >MemWriteData

Mem*So,

,

slinst-rey RegWEn

Components to Implement Via Stages Fee S2 -pcSel
MemRW

N

S X &
- S

(
inst(WB) RegWEn inst(ID) ImmSel instEx) BrunBrgBrTBSel Asel ALUSel MemRW ins+(m) PCSel WBsSelStage

1

InstructionTe
MEM

- N -

Instruction
Fetch

+ input to IMEM is

iCT Des A
another register PC counter ALU/A ,

B
, ALUop , Out ↓

⑭EM which is mux from ALU output and PC + 4 E
calling alu module ① EX M

M

9 PC ALu) . A) (
..

B) L
.. ALUop) ( , out) 1) ②

= X

inst

-↳ IMEM/DMEM are Synchronous I
↳ reads/writes happen on the # pipeline rd-addr

rising edge of thech

S

-

F
inst(WB) RegWEn

-

Instruction
Fetch Instruction.Decode/Execute Memory/Write Back

[

cach icache uses ready/valid interface ALL ALU E >

epc-plus-

I topres

inst[11:7]

RegFile

PC+Y
-

+4

- 1

⑭EM "RegWrite Data

A EMRegReadDataI

so-pefreg PC

inst-

RegWriteIndex

*Branchhe ALUJ
<MemAddress

inst[9 : 15]
a RegReadIndex1 rs2-data All-result

-> 2

↓ L sinst-re.
I

inst[24 :20
RegReadDataZ

&

To
MemReadData

- so

,9 Reg Read IndexZ

RegWEn
- MemWriteData

data transfer happens when Fee MemRW
N

both conditions are met S - S

- N -Cagreement protocall) inst(WB) RegWEn inst(ID) ImmSel instEx) BrunBrgBrTBSel Asel ALUSel MemRW ins+(m) PCSel WBsSel

* notbranching correctly &test4

bne X 14
,

x7 , 2294 <fail]

↳ error in

is_branch= O
,

branch-taken=O
,

branch-decision=



Instruction.Decode/
Instruction

Fetch

[
ALU

epc-plus-

topres add Execute Memore/witeeachreghere

IMEM
iRequesti

Branch
Aeinst[11:7]

RegReadDataI ALL
Yl

RegWriteIndex

& PC comp PC+Y

So-pc-reg inst-
inst[9 : 15]

a RegReadIndex1 rs2-data
92

I RegReadDataZ MemReadData Mem*So,

,

sinst-re. instELY :20)
>

RegRead
Indeed To

* >MemWriteData

Fee S2 -pcSel
MemRW

N

S X &
- S

inst) requen instID) ImmSel instEx) BrunBrgBrTBSel ASel ALUSel MemRW insICM) PCSel WBsSel



Instruction

PC+
=, 0BALU
9

A
N

DMEM

ALL

- MemWriteData

Furthe MemRW
N N

-S A
- N -

inst(WB) RegWEn inst(ID) ImmSel instEx) BrunBrgBrTBSel ASel ALUSel MemRW inst() PCSel WBsSel



issuew/ addi test

- ↳O 00 o o

at 2020 li of 1

-> load immediateO does not happen
-> load immediate z
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