%



1 (

# ((
3 -& #(

3

(G

# o o+ (
&&01 ( #

") 45

(#4 (
#( (*&+



#

# #
( (.)
T
(
-& #
#
4
<? (
(
4
"H#
& 3 #
# (.,
(
#HH# #
"HH#
(#
( # # '
# #
‘H#
"H#
), 2*+&5
4 ( '
#
# #

((

)

% #
)( #2805

2**5

# # #

"HOH # -

(4 4 (#
25 ( # #
4 # #

#

(



# ¥ # # -
# . < # ( B OH# O#
4 # #
L # 4 - #
# L ' ( #
## #
& # ( ' #
" - # # (")
L H# 4 ) o -#( #
# 42> (5 3
#( # # 3 CH( - #
" # ' 4 4 ( # o#
, 4 4
# # ( # ( #
# (4 4 o -0 # #
*&+) 6+ # -0 '
## ## #o#
% /2 45 # (#
4 HO#H #- 4'  + 2 5
( # #H#
% # # 4 ¥ o# 2 #
. 5 # 3 #*r (#
' # . # ' '
wH o, (" # #
( # -
(3 # ' # (

- . < . #3 <( 2 ( 3



I## 4I , I# 1
- # # #
(# "4 # # ## # #
# ( ( # #3 # #
# # 44
- ( # (( " # "#3
1 #I ## 3 II_II 1
- 3 #3 -#3
& &' % & &' %
& 0& & 0&
& # ) & # )
& *% ( & *% (
& & &* ) & & &* )
& +#* & +#*
& ,)** *) & ,)** *)
& % * () & % * ()
& * ) * _ & * ) * _
& -.* % & -.* %
& . ) *% & . ) *%
! & ((#H%( # & (HW( #
" & .( *# & . ( *#
& ' && ,+% & ' && ,+%
&) ' &) '
! & &.#&, &  &.#&)
& Y& % & Y& %
& #+-# - & #+-# -
& # & & & # & &
" # & && ,+ & && .+
! # & & S & & -
" # & + *( - & +*( -
& , #%( &) & , #%( &)
! & % * & % *
&* &% ( &* &% (
&* *) &* *
& *# %) & *# %)
$" & * #%( - & * #%( -
& *& (. & *& (.
% & *+ && ' & *+ && '
&*1 l% &*l 1%
& *% &.H#H& + & *% &.#H& +
& *% *'&* - & *% *'&* -
1 & *- H+ - ()** & *- H+ - ()**
&* & % &* & %
& *( && - & * && -
& * -+( & * -+(




# &* *( # &**( #
! /., & *) #o%(' &, & *) #(' &,
M/ ax ) gx )
! i') I)';))% i') |))*§%
&) #*+ & ) #*+
$ 0
EE # #3  ( ( #'4
) 4
# # 25 # (
1312 #
13 16 @!3!'I5 < # ( -
9 (# # # ( #
( # #
' # ' # 4 -=# 4 #
3 # #( 5 #
, # 2 5 # 4 #
# -# (" I #' 13% 0<
(< 131 ( 4 # # #
13 0-<+ 13 0< >> (
# # .03 < # 4 - #
, 2 " # 15 # '
- # # # , # '
( -
A 3 ( # # IB # #
: # o (# - (.
"B # ( # # #
( # # - # ( # #
# 4 # , # 4
# # # ' # ' # 4 #
4 # ( ; <




9 (# #'#
# -#3-0 #
(# #4<# # #,3
: Cu g
( #'#
# , # #
4 #
( #
- # 13 0<( I-
& # ( # (#
#',( # #
- ,(#
B # , 2 (
5-D3 # 4 #
# ' # # ## #
"#O# # #
# 0, - 7 #
Co i
(# ' # #
'# 4 #
4 -
" :
& . : .
- # ##
- # ,
# # 7 #
#)

: #
# 4 ' #
, # #
-0 # #
#
# B #-#
. # ( C #
4( ## #
#( 4
#B *+& #
#
(
2 ' # 5(°
“H# T #(#
# #B #
(# (#
# (#
( :
# # #
(
(( - #
#
21
# ! -
- # '



( ) (4-#

. # #
, # o# # N
# C# #
( # (# -
"#& #
A ## )
# = #,

# # ">y )y )

# ') 4" # /89
') 21) 5-
# 4 "E
5_
# #(#
# HOHH
HH# 4 ( #
H# '3 # ¥ -
#H((# 4 # #
4 #( W H
o #
# #O - )2 # (#
# 3

HH O#
# # o (#
( '"#, # -
# ") 4 # )
-# )
-0 # # 4
#
# - #
#_
#-#
“H# # )
## 4 - #
2 #
# # #-8&
4 #
# “H#
= #, #
# -&
HH ) #
(‘4 # # -
( # )
( ¢, # -A
#, -

-0 -IxT




- & 6 : - k-
- # s

& / "IE 2 5
01/ $ 4 >E
>
8 A >

'H#HE& ( +7 8
)

A ) # ' (# "H##
# # -H O #HH# # # #

# ) I - # (( #

) 4 4
# ' # # -

A (# # & #
#0'('- # 4 # #H# , -
(# # +&2 ( # , 5 (
(# ' -

# # . # #B ( #

-# # 28 8F =$%5
: # # #

( ( - #(
, ' I- #
( # # - # # )) # o ( 4

# " (#

# B # # # :
# 4 # #

# #

8*# # '




. # # '# - &(
# : B # -
# #(# # #B
# ## 4 H #4# # #
H # # # -G 4 # )
# # # 3 # ' 3 - # #
4 #( # o # #(( 4
# 4 '4 # -
) 4 #' 0 S
#' 0 -)--# (# # 4 #'
0 -?-
-0 : - *T
- & 6 - - -
- H#- 1->
& / 2" 5
01/ $ 4 >
11?2
8 A "
- ) ( +7
# ( (« -=
) # H
2 ( 5-A ( Lo*g +) g
#'HE # - ## #
(" (#
() # ' #, B -




4



Instr

a Snoop

at

Processor Core 1
i

Data

Jem jjsul
uapJs~asul
ul"ejep asul
Jppe-asul

ejep doous
Auip~doous
pileA"doous
qm~doous
dodoous
Jppe_doous

jem snq
ul"ejep snq
do~snq
ejep snq
ippeTsnq

Brian Kelley and Dan Ehrman

Title

"

Uo)a) Jlemwaw

Rev

of

7

Bheet

Purdue ECE 437 Dual-Core Processor - Cores/RAM
Friday, December 09, 2011

Document Number

A

ze
Date:

uapJ~asul
ejep Jsul
Jppe~asul

bus_data_from_cache

bus_op
bus_data_to_cache
bus_wait

bus_addr
snoop_addr
snoop_op
snoop_wb
snoop_valid
snoop_dirty
snoop_data

aje)s” waw
N0 ejep
ul"ejep
ippe

uapJ

uaim

Jem” waw BJEP JIEMWAW ajejswaw

weJ woy ejep waw N0~ ejep weJs~woy ejep
weJs o) ejep waw ui_eyep wes o) ejep
JppeTwaw Jppe_ejep Jppe”wel
uaim~waw aum ejep uaps_wel

uaps waw peas elep uaJm—wel

LT

RAM

bus_addr

Uo)a) Jlemwau
uapJasul
Bjep Jsul
Jppe~asul

bus_data_to_cache

bus_op

bus_data_from_cache

snoop_data
snoop_dirty
snoop_valid
snoop_wb
snoop_op
snoop_addr

bus_wait

Coherence Controller
Memory Arbitrator

Snoop

Data

Processor Core 0
Data

r

Ins

nReset

CLK
pid

ejep doous
Apip~doous
pileA"doous
qm~doous
dodoous
Jppe doous

Jem snq
ul"ejep sng
do~snq
ejep snq
Jppe~snq

yem asul
uapJasul
ul"eyep jsul
Jppe~asul

=

0! _J

CLK
nReset




5

Instruction Fetch

StartingPC IFID_NOP
4 0x000 IFID_WE
0x200 ___[°
> PCPlusFour - - g é
ini %
processor_id PCPlusFour
D Q {_>CurrentPC PCPIlusFourOut ——{____>ID_PCPlusFour
CurrentPC >—4
Hexe g Instr InstrOut ——__>ID_Instr
Adder :
0 PC I_D memwait_fetch Fetch/Decode Pipe
1 Out 5 £3
N ] ;l
2 PCWE g 5E
. — £ £E |-Cache Array
data_from_icache data_out
hit hit -
tag tag_in o,
NextPC index index_in @
data_to_icache data_in ©
ExtOut R 38
Shift Left By 2 B8RS
Adder ® 59, E| ram_state
52582 hit 5,
5 ram_state &
Jdype [ | Instruction Cache Interface g
instr_mem_wait
ID_PCPIlusFour [ >—— pC P instr_mem_data
- out 1 instr_mem_read I-Cache Controller
Imm26 [ >—— Imm26 Out instr_mem_addr
0
JmpCalc q
Hazard Detection
regOutt [ >————  aLusrc Hazard Detector
Instruction Decode EX_MemRd EX_MemRd
EX_Rs EX_Rs
EX_Rt EX_Rt hazard hazard
. . ID_Rs ID_Rs
Pipe Enable/NOP Calculations ID_Rt ID_Rt
MEM_HALT
HALTInstr HALTInstrID memwait_dal
memwait_data memwait_data
memwait_fetch memwait_fetch — '\E”)'(E“"‘R_Mede I\EA)!(EN'I_\,_Mede
MakeJump MakeJump PCWE _RW _RW
CurrentPC CurrentPC  IFID_NOP IFID_NOP g:é MEM_Rw MEM_Rw br_hazard [—____>branch_hazard
hazard hazard IFID_WE IFID_WE ID_Rs Rs
JumpTarget JumpTarget IDEX_NOP IDEX_NOP ID_Rt Rt
BranchTarget BranchTarget opcode opcode
BranchRequest BranchRequest
branch_hazard branch_hazard Branch Hazard Detector
Pipe WE/NOP Calc n
MEMWB_NOP Brian Kelley and Dan Ehrman
1 Title
. —{__>MEMWB_WE Purdue ECE 437 Dual-Core Processor - Instruction Fetch
memwait_da IDEX_WE 0
EXMEM_WE —{__>EXMEM_NOP ISize Document Number Rev
A 1
Date: Bheet 2 of 4

Thursday, December 08, 2011
2 |




| 4

I

ID_Instr

BranchRequest

=

Instruction
BranchRequest ALUOp

RegDst
RegWr

ALUOut
MemWr
MemRd
MemToReg
JAL

Jtype
ExtOp
Imm5or16
LUlInstr
NextPC
HALTInstr
Linked
MakeJump

Rs
Rt
Rd
imm16
imm26
shamt

Rs

Rt

Rd
imm16
imm26
shamt

ControlBlock

Rs Branch Forwarding

0
WB_Data 1
MEM_ALUResul 2

regOut2

WB_Data
MEM_ALUResul

BranchFowvardAD’

Rt Branch Forwarding

BranchForwardBDl

Out

31

IDEX_WE
IDEX_NOP

saop [

Extender

imm16[___>—

imm16

Regpst Instruction Decode
RegWr

ALUOp

ALUOut

MemWr

MemToReg

JALOp e
Jtype

ExtOp

Imm5or16

MemRd

LUlInstr

NextPC

HALTInstr

Linked

MakeJump

shamt [ >— i

o

immb5or16

ut

" >ExtOut

ExtOp
Imm5or16

=

ID - Branch Handling

opcode [>—
AEf |

op br
eq

B Detect Branch

Equal?

MEM_RegWr MEM_RegWr

WB_RegWr WB_RegWr

MEM_Rw MEM_Rw  ForwardA

WB_Rw WB_Rw ForwardB

Rs ID_Rs

Rt ID_Rt

opcode ID_opcode
BranchForwardinglLogic

|—D BranchRequest

BranchForwardA
BranchForwardB

WB_Rw

[+ %

g%

WB
RegWr B: RegWr RegWrOut EX_RegWr
MemToReg MemToReg MemToRegOut EX_MemToReg

Rw RwOut EX_Rw

HALTInstr [ >—— HALT HALTOut EX_HALT
MemWr MemWr T MemWrOut EX_MemWr
MemRd MemRd MemRdOut EX_MemRd
Linked Linked LinkedOut EX_Linked

EX
ALUOp ALUOp ALUOpOut EX_ALUOp
ALUOut ALUOut ALUOUtOut EX_ALUOut
busA busA busAOut EX_busA
busB busB busBOut EX_busB
ExtOut imm immOut EX_imm
ALUSrc ALUSrc ALUSrcOut EX_ALUSrc
Rs Rs RsOut EX_Rs
Rt Rt RtOut EX_Rt

Decode/Execute Pipe
JALbusA
LUIbusA

WB_RegWr :T

ID_PCPlusFo

Rs
Rt

(=N

LUlInstr ﬂ

g ¢ ¢&f
ZerobusB
busA regOut1
regOut2
WB_Data _>—— busW busB 0
32x32Reg 0 Ott busB
Write Back
JALOp OR LUI l:ﬁ
Brian Kelley and Dan Ehrman
Title
Purdue ECE 437 Dual-Core Processor - Instruction Decode
ISize Document Number Rev
A <Re
Date: Friday, December 09, 2011 Bheet 3 of 4

2




"HOS% &S

MEM_Rw Rw RwOut 0
MEM_ALUResult ALUResult ALUResultOut Out v
MEM_MemData MemRdData MemRdDataOut 1 Brian Kelley and Dan Ehrman
MEM_HALT HALT HALTOut Title
Mem/Wirite Back Pipe | Purdue ECE 437 Dual-Core Processor - Execute/Memory/Write Back
ISize Document Number Rev
HALT §
Write Back A L
Date: of

Thursday. December 08_ 201 ]1 Sheet 4
2













