Computer Architecture

Datapath and Control for Data
and Control Hazards



Data Hazard Example

Time (in clock cycles)

v

Value of CC1 CC2 CC3 CC4 CC5 CCeo cC7 cCs cCo
register $2: 10 10 10 10 10/-20 -20 -20 -20 -20
Program
execution
order
(in instructions) ] ] ]
sub $2, $1, $3 | IM Reg| | DM
N -
and $12, $2, $5 IM i~ FE Regl|
_ &
or $13, $6, 52 IM [ S Reg
add $14, $2, $2 M
sw $15, 100($2) IM — HE Reg | DM Reg
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Forwarding Logic

g

ID/EX
‘ur'a'la
|" |_E:(/MEM
» Control > M WB MEM/WB
IF/ID I—- EX of v |—-~B
————— > >
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2 > U >
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I Registers
Instruction = R | >ALU > > Data |
memory ) ~ memory
. j M
= u >
| x
IF/ID.RegisterRs | [Rs f >
IF/ID.RegisterRt . Rt
IF/ID.RegisterRt 1 [re _
> > M EX/MEM.RegisterRd
IF/ID.RegisterRd . Rd :J > >
’ X
| Forwarding MEM/WB.RegisterRd
" . <
R J<
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Forwarding Example

sub $2, $1, $3
and $4, $2, $5
or $4, $4, $2
add $9, $4, $2

I
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or $4, $4, $2

Instruction
hE memory

Clock 3

Forwarding Example
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| I I |
' and $4, $2, $5 ' sub $2, $1, $3 ' before<1> | before<2>
| | | I
| -' | I
{ 'y | :
{ 10 10 ! :
| e EX/MEM |
| m R |
i Control |— M Qe MEM/WB
[ || L :
|
F/ID EX M
—L —— — —
2 s2 | |81
- M
HIE :
3
2 i \_/
E Registers >A|_U Data
$5 $3 memory |\lj1
M X
u
X
\_/ s
2 1
S EN M
, M
4 2 u >
H H =~ — il
I I =T T
I I I I
| I I |
I I |
| | | |
| I T I
| b i |
I I 1 |
| I I |




Forwarding Example

add $9, $4, $2

Instruction
PC
memory

Clock 4

or $4, $4, $2

and $4, $2, $5

sub $2, . ..

I_E'X/I{J'IEM
-
WB

before<1>

I
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|:/:|[) EX I M WB
- — —— .
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= M
g 2 u »
8 X
2 Registers \_/
= Data
$2 $5 T_ >ALU memory ] M
» + (M) u
M X
u
X
-/
4 2
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X
—T — —T— ——
| i N/ Forwarding T |
! | unit : :
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after<1>
PC Inst.ruction
memory
Clock 5

Instruction

Forwarding Example

| l |
add $9, $4, $2 L or $4, $4, $2 rand $4, . .. 'sub $2, . ..
| | |
I I |
ID/EX | :
10 1_.— 10 i i
WB EX/MEM !
| 1 i
Control > M el :
~ontro L \ - EEM/WB
1
N » M WE
. $4 $4 '
M
) u
X
Registers u‘t
2 >ALU > mlg:—;tgry ] M
$2 . $2 x
u -
X
4 4 '
2 v 2 )
M i .
> “Tu ;
9 . 4 X -‘
—— N i — i
! Forwarding [*=T i
: unit : ,[ :
| T |
| ’ :
[} I I
H : |
I l |
I I |
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Forwarding Example

I | I I
after<2> | after<1> ' add $9, $4, $2 Lor$4, ... rand $4, . . .
| I | |
I | I I
i ID/EX : !
I — 1 1
| 10 1 1
| A | 1
! “ EX/MEM 1
! _— 1 i
| i\ we 2 |
P ———. \
| EEM/WB
I — = -
I 1
IF/ID EX M WEB —
1 | - {—
34 )
c M
] |y .
E o *
@ Registers P
Instruction = 4 t >ALU . Data )
P memory | '] . $2 Py memory M
> u
> M X
= U >
X
N
4
£ '
oM 4 4
9 u
X
RS BB A Forwarding 5_!_ T
: : . unit < : :
I | T T
I | I I
I | . I
I | I I
Clock 6 ! 1 5 :
I | I I
I | I 1

[
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Data Hazard Requiring a Stall

Time (in clock cycles)

A J

Program CC 1 CC2 CC3 CC4 CC5 CCeob cC7 cC8 CC9
execution
order
(in instructions)
lw $2, 20($1)
and $4, $2, $5
or $8, $2, $6
add $9, $4, $2
st $1, $6, $7 IM |— —E! Reg| | DM Reg

[
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Data Hazard Requiring a Stall

Program Time (in clock cycles) >
execution CC1 CC2 CC3 CC4 CC5 CCo6 CC7 CcC8 CC9 CC 10
order

(in instructions)

w$2,20(81) | IM  Reg [ T DM _\_ Reg
— (Y\i _
and $4, $2, $5 M | J:Reg;( -EEReg: } -[DNI—
or $8, 52, $6 IM IM I’_\r Reg‘
— bubble —) —
add $9, $4, $2 IM 5 Reg ||
slt $1, $6, $7 M [ HReg [ DM Reg

[
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Stall Logic

14 Hazard \ ID/EX.MemRead
detection -
_b\_umt / ID/EX

£ e |_E:(/MEM

= _— —

=]

= o Contr /B

o Control M WE MEM/WB

0—»> — — 7

IF/ID EX M WB

Y _ | — _—
b ()
= M
2 S —{ u >

\ 4 g > X
i Registers
pC Instruction || = >ALU Data |
memory ~ memory
> - m
[ Y] >
X

IF/ID.RegisterRs

IF/ID.RegisterRt ~
IF/ID.RegisterRt , Ry L Im EX/MEM.RegisterRd
IF/ID.RegisterRd Rdl | . 5 > »
|| ID/EX.RegisterRt - Rs LT roarding Je— e R ||
Rt - unit - -
N

[
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Stall Example

and $4, $2, $5 Llw $2, 20($1) : before<1> | before<2> | before<3>
: ; : :
. — ! i I
1 1 =* 1 |
Y mn . i :
i i I
2! EX/MEM I
=[1 | |
gf! :
o : Control MEM/WB
| :
IF/ID
L/ — —
@ 1 $1 I
= M
£ é X =+ u >
y 2 X
Z Registers NS
pc | Instruction | f [ = >ALU > ’ mgﬁwtf;ry | M
mol
memory $X N u
M X
= L >
X
\_/
1 .
LI R - N
2, | M
u
"l X
T ID/EX RegisterRt | - . Bl
| ; - |
I | 1 I
1 I I |
I | 1 |
1 | | |
Clock 2 | : 5 |
I | I |
1 I I |

T
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Stall Example

or $4, $4, $2 i and $4, $2, $5 L lw $2, 20($1) | before<1> | before<2>
| | | |
! Hazard ) N I I
: E sciien | ID/EX.MemRead ! l l
! it / ID/EX ' '
: s un: UE : :
1 11 | |
| g E(/MEM I
| — - :
i Control M WB IVIEIV:IWB
| 0 — R |
IF/ID EX M
i Ll L. -
2 $2 $1 N
M
S 5 —* u >
g X
Z Registers N/
Instruction L, = >ALU mE?:{fry > M
mo
memory $5 $X ~ ;
N M X
=y U
X
./
2 1
5 X_ N
2 M
4 fu >
> X
T ID/EX RegisterRt | o — Rl
| ! : :
| | - 1 1
I | | |
1 | L |
I | | |
Clock 3 : ‘ 1 |
I | | |
I | | |

I
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Stall Example

or $4, $4, $2 | and $4, $2, $5 | bubble Llw $2, ... | before<1>
| | | i
——— : I [
= | :
s r I |
ol o i
2l EX/MEM I
=1 L |
E : 11 :
w : Control WB |_|\"1EM"#WB
| —— —
|
IR/ID M WB
Vi L I
o 2 N $2 52 -
3 i ' M
& s 5 o
¥ E + X
B Registers
Instruction = ’ | ALU > - Data L]
-8 memory | ] $5 $5 0 mefmory M
N > u
> M X
—| U
X
2
5 5
- )
M 2
4 4 u
T
T ID/EX.RegisterRt N \_/ Forwarding __r Rl
| H unit — :
I I I |
I I I |
I I 1 |
I | ] |
Clock 4 | : ! ;
I 1 1 |
1 I I |

e
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Stall Example

add $9, $4, $2 | or $4, $4, $2 | and $4, $2, $5 | bubble w $2, ...
I | | I
= : | :
N med : ! |
[ 2 y 1 |
A | :
=i ' EX/MEM i
=|! 1 I
ali \ |
=|! Control [ WB 0 |
= o EEM/WB
| _— .
[ 11
IF/ID M WB
S _— —
a 4 $4 $2 P
= ! M
g é 2 = u >
) 4 5 > N X
@ Registers
PC Instruction | = 2 T > ALU Data | | N
memory 52 $5 A~ memory l\lf
_ M X
b=+ u »
o x
A .
4 2
2 2 a
o M . . 2
4 4 | u
> X
_!_ ID/EX.RegisterRt _!_ -/ | Forwarding _r
| i | unit e ¢ l
| I I | 1l
[ I 1 |
| I . |
| | | |
Clock 5 | ! : ;
| 1 1 |
| 1 1 |

[
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Stall Example

after<1>
pC Instr'uct?on
memory
Clock 6

N ———————— S

I';

N s

Instruction

add $9, $4, $2

or $4, $4, $2

bubble

I
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-
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Stall Example

after<2> - after<1> ' add $9, $4, $2 L or $4, ... rand $4, . ..
| I I |
| : | |
: [, IDJEX } !
I —— [ i
! 10 | |10 ! !
| " EX/MEM |
I | T i
| . M v — |
! W MEM/WB
: S f— — I
|FI:'|D EX M WB
o | Ll i
$4 ™\
i ' [m
S 1 u
g | x
@ Registers
pC Instruction ] = 2 >ALU ’ mgfntgry _' ” M
memor
y , $2 o) u
M X
o= U >
X
-/ S
4
2
o e ~\
> »| M 4 4
9 u > >
: (I
RE ID/EX.RegisterRt 1 \_/ | Forwarding ;_[_ RE
: I i unit " I[ :
1 I \ S T
i | [ i
| I I |
Clock 7 : 1, [ :
I | i i
I | [ i

e
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Control (Branch) Hazard Example

.
Ll

Program Time (in clock cycles)
execution CC 1 cC 2
order

(in instructions)
40 beq $1, $3, 7
44 and $12, 32, 5

48 or $13, $6, $2

52 add $14, $2, 2

Reg

—

72 w $4, 50($7)

i

CC3 CC 4 CC5

IM H HReg
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Control Hazard Logic

IF.Flush

{ Hazard \

ID

[T

—

detection [

unit J

Comrol}

|— b WB
M

Instruction

memory

Shift

left 2

Registers

an\

I
[
RGESCIED
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G

ALU

E(/MEM
WB
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Data
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|_IVlEM/ WB
WB
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unit

Je

x
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Control (Branch) Hazard Example

36
40
44
48
22
o6

72

sub $10, $4, $8
beq $1, $3, 7

and $12, $2, $5
or $13, $2, $6
add $14, $4, $2
sit $15, $6, $7

Iw $4, 50(%7)
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Control (Branch) Hazard Example

I ] ] I
] 1 ] I
| | | t
i ] ] 1
IF Flush ! | | i
T ] ] 1
I /— Hazard -\ 1 1 :
| detection | ! ! !
! unit / ! 1 1
72 : ID/EX | i
e ! i ! !
u I - ! !
i b i e EX/MEM !
| w . ;
L Control u M WEB
: 28 % |_M.E|\1/WB
\ | 0 | | ]
IIE) EX M WE ®
! +
> . 48.. 44 72 — — _—
4 —b/
$1 W
Shift M
left 2 u 34
L 4 | x
*  Registers \i
PC—l Instruction || > >ALU _ Data L,
T2 44 memory $3 — memory hl:l
! M| | se x
7 - g
(o) IREEIR:
@
110
L
- —T

unit

Clock 3
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Control (Branch) Hazard Example

=

before<1>

1 1 1
Iw $4, 50($7) | bubble (nop) i beq $1, $3,7 isub $10, . ..
i i i
1 1 1
IF.Flush : } :
T I !
1 i 1
1 1 1
I T 1
1 1 1
1 1 1
1 i !
I ID/EX I
—+ ! 1 H
76| 3 | Wi :
* i ' I_E:(/MEM
: M 1 T
i " u M wB |_Mf
1 0 —
\ } EX |—' M
>+ [ o
4—&/
N
M| $1
u
®
-| Registers ™ \
PC Instruction f >ALU D‘ma -
76 72 memaory — memory
M| s3
- x
(o) Bk
B 10
T T f (:."-.'.'.i[(lll]t]-\::_—-l
: i unit L‘
1 1 S |
] 1 i
1 1 1
Clock 4 ! T
1
1
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