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7−stage pipeline

Processing Core
Memory Subsystem

512−byte I−cache
512−byte D−cache
8−entry TLB

Bus Arbiter

Memory Controller

Main Memory

32 KB

32

Data address

Read/Written data

32

Fetch address
32

Fetched instructions

128

Control Bus

Address Bus

Data Bus

Monitor Keyboard

128

15

7

Interrupt
Controls

Control
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PF_exc

GP_exc

Valid

Memory data

Base reg value

Base reg id

Base reg size

Src reg value

Src reg id

Src reg size

write_srcreg

write_basereg

write_destreg

Write_mem

Write address

Flag values

Flag write signals

EIP

CS

Exception Handler

INT1

INT2

PF GP INT1 INT2

flush/exception_handle

Memory
write signal
generation

valid
wb_wr_mem (to Dcache Stage)

wb_write_address (to Dcache Stage)32

wb_write_data (to Dcache Stage)32

no exception

wb_destreg_value (to RF stage)

wb_write_destreg (to RF stage)

Dest reg value

Dest reg id

Dest reg size

write signal gen.

valid

no exception
32

3
2

32

3

Dest reg alignment

write signal gen.

valid

no exception
32

3
2

32

3

Dest reg alignment

write signal gen.

valid

no exception
32

3
2

wb_destreg_id (to RF stage)

32

3

Src reg alignment wb_srcreg_id (to RF stage)

wb_srcreg_value (to RF stage)

wb_write_srcreg (to RF stage)

wb_basereg_value (to RF stage)

wb_basereg_id (to RF stage)

wb_write_basereg (to RF stage)

7

7
7Flags write signal

generation

no exception

valid

wb_flag_values (to RF stage)

wb_write_flags (to RF stage)

Saved EIP Saved CS

wb_exception_stall

cache miss signal

32

Saved flags

Saved EIP (to Execution stage)

Saved CS (to Execution Stage)

Saved EFLAGS (to Execution stage)

32

7 16

16
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Initial state

Wait for BG

Send request 
address to
memory

Wait

data to cache
Write received

hit

miss / stall, BR

_BG / stall

BG / stall, BBSY

CLK / stall, BBSY

_memACK / stall, BBSY

memACK / stall

CLK / stall

^y759GzIY[?+4G4 � ��<�J�b�J`;I?QCEDGF0KMY[DGB:B5?�Y�P%KMbkKM?Vd	7:b�9GY\b�T

m,1



Internal signals

_BG / stall

Send evicted
address, data to

memory

Wait _memACK /
stall, BBSY

_BG / stall

Send evicted
address, data to

memory

Wait _memACK /
stall, BBSY

_BG / stall

Wait _memACK /
stall, BBSY

BG: Bus Grant
memACK, ACK: Bus ACK line

Input signals

stall: Stalls the pipeline
BR: Bus Request
BBSY: Bus busy

miss, dirty, noncacheable, 
unaligned

Output signals

memACK / stall

to the cache
Write fetched block

Wait for BG

device
(data)to I/O 
Send address

CLK / stall, BBSY

Wait

noncacheable / stall, BR
Initial
State

Wait for BG

BG /stall, BBSY

CLK / stall, BBSY

memACK
/stall, BBSY

Send request
address to
memory

CLK / stall, BBSY

_BG / stall

miss, _dirty /
stall, BR

Wait for BG

BG / stall, BBSY

BG / stall, BBSY

miss, dirty / stall, BR

Wait for BG

BG /stall, BBSY

CLK / stall, BBSY

memACK
/stall, BBSY

Send request
address to
memory

CLK / stall, BBSY

_BG / stall

miss, _dirty /
stall, BR

Wait for BG

BG / stall, BBSY

_ACK / stall, BBSY

miss, dirty / stall, BR

_unaligned / stall

unaligned / stall

hit

hit

second 
access (unaligned)

initial state

Wait

_memACK /
stall, BBSY

ACK / stall

Write fetched block
to the cache

memACK / stall

CLK / stall
to Initial State
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BG_dcache

BG_icache

BBSY

BR_dcache

BR_icache

dff$

dff$

CLK
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device_id != 01

device_id == 01

access_counter != 0

access_counter == 0

send ACK on bus

CLK

get address,

access memory
(data), read/write

Idle

set access counter
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Idle

keyboard input
devvice_id == 10

Send INT

CLK

(device_id != 10) && no keyboard input

access buffer
with address
on the bus

buffer access not done

buffer access done

send ACK

CLK
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Idle 

device_id != 11

device_id == 11

get address, data
from the bus

write into monitor buffer

buffer write not complete

buffer write complete

send ACK on bus

CLK
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