
A
D

D
Instruction 
Memory

ADDR DATAPC
M
U
X

0

1

2

Instruction Fetch Stage

PC Source Control

Jump/Branch Address

Program Counter

Instruction

PC

INSTR

PC2

PC Write

IF/ID 
Pipeline 
Buffer

Halt
Unit

Flush

Halt Trigger

Permanent PC Inhibit

Program Counter + 2

Permanent Instruction Purge

Permanent Pipeline

Buffer Flush

Halt Instruction

H
O

LD



Jump/Branch
Unit

Triple Zero/
Sign Extend

Unit

Control
Unit

Jump/Branch Control

Instruction Decode Stage

4

16

16

16

15:12

11:8

7:4

12-Bit Extend

8-Bit Extend11:0

16

4-Bit Extend

RD1

RD2

SZE4

PC Source Control

Jump/Branch Address

SZE8

PC

INSTR

PC2

WB

MEM

EX

Writeback Stage Control Lines

Memory Stage Control Lines

Execute Stage Control Lines

PC

FUNC

Hazard
Detection

Unit

M
U
X

0

10

PC Write

Flush

PLHold
IF/ID 

Pipeline 
Buffer

ID/EX 
Pipeline 
Buffer

RA1

RA2

3:0

7:4

11:8

Invalid Opcode

Instruction Purge 1

Permanent Instruction Purge

ZSEctrl

INVOP

WB.WDR2

WB.WDR1

WB.WA1

WB.WA2

WB.WEnR2

WB.WEnR1

Halt Instruction

WB.WEnR15

Register
File

RA2

RA1

RD2

RD1

WA2

WA1

WD2

WD1 WE1

WE2

RR15

WDR15 WER15

16

16

MREnLo, MREnHi

EX.WA1

EX.WA2

MREnLo
MREnHi

Invalid Op Code

Control Unit Block

15:12



Execute Stage

WB

MEM

EX

ID/EX 
Pipeline 
Buffer

WB

MEM

EX/MEM 
Pipeline 
Buffer

Writeback Control Lines

Memory Control Lines

Execute Control Lines

ALU
Control

FUNC

ALUop

3:0

M
U
X

0

1

2

3

Forwarding
Unit

M
U
X0

1

Instruction Purge 2

Exception
Unit

0

Instruction Purge 1

PC

Halt Trigger

Invalid Opcode
ALUlo

ALUhi

RD1

RD2

SZE4

SZE8

RA1

RA2

M
U
X

0

1

WA1

WA2

ALUctrl

16

16

16

16

16

16

16

16

16

16

Fwrd.A

Fwrd.B

ALUsrc1

ALUsrc2

FUNC code 3:0

INVOP

WB.WDR2

WB.WDR1

WB.WA1

WB.WA2

WB.WEnR2
WB.WEnR1

MEM.WAR1/R2

MEM.WrEnR1/R2/R15

MEM.WD2

MEM.WD1

WB.WEnR15

WER15

WE2

M
U
X

0

1

2

3

4

M
U
X

0

1

2

3

4

MWD

A
LU RLow

RHi

B

A

OVFL

W
E

nR
15

W
E

nR
2

Writeback Control Lines

Memory Control Lines

Note: Logic Representation
WB/MEM control lines are 
implemented as a combined 
control bus.

RA1

RA2

W
A

1

W
A

2

MREnLo, MREnHi

EX.WA1

EX.WA2

A
LU

src1, A
LU

src2



Memory Stage

WB

MEM

WB

MEM/WB 
Pipeline 
Buffer

EX/MEM 
Pipeline 
Buffer

Writeback Stage Control Lines

Memory Stage Control Lines

Data
Memory

BWEnLo

BWEnHi

Address RData

WData

REnLo

ALUlo

MWD

ALUhi ALUhi

MRD

ALUlo

WA1

WA2

WA1

WA2

MEM.WAR1/R2

MEM.WrEnR1/R2/R15

MEM.WD2

MEM.WD1

16

16

16

16

1615

Bits 15:1

REnHi

WB.WDR2

WB.WDR1

WB.WA1

WB.WA2

WB.WEnR2
WB.WEnR1

WB.WEnR15



Writeback Stage

WB

MEM/WB 
Pipeline 
Buffer

Writeback Stage Control Lines

MRD

16

ALUlo

ALUhi

MEMacc

16

16

16

WA1

WA2

WB.WDR2

WB.WDR1

WB.WA1

WB.WA2

WB.WEnR2

WB.WEnR1

M
U
X

0

1

WB.WEnR15


