Dependencias de datos

sub$2) $1, $3
and2, $5
or $13, $6, $2)

add $14,
sw $15, 100($2)
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Time (in clock cycles)

Value of CC1 CC2 CC3 CC4 CC5 CC6 CC7 CCs8
register $2: 10 10 10 10 10/-20 =20 =20 =20
Program
execution

order

(in instructions) - = =
. f CE
sub $2, $1, $3 @—H—ﬁR_eI :D~ -[@— —Rng
///

s )i — ol
and $12, 52, $5 (MH —E:R’_e/gE _%ﬁ Mi— HReg
or$13,86,52 MRk %} RS
add $14, $2,52 [} FReg | Reg

7/9/16 D Guillermo Aguirre 13

+ sw$15, 100(52) @——E%Reg:% ‘ —

CC9
-20



Time (in clock cycles) >
CcC1 CcC2 CC3 CC4 CC5 CC6 cc7 CCs8 CcC9

Value of register $2: 10 10 10 10 1020 -20 -20 -20 -20
Value of EX/IMEM: X X X =20 X X X X X
Value of MEM/WB: X X X X -20 X X X X
Program
execution
order

(in instructions)

sub $2, $1, $3

and $12, $2, $5

or $13, $6, $2

add $14,52, 52

sw $15, 100($2)

7/9/16 @ Guillermo Aguirre 14

Nuevo hardware para adelantamiento

bid

ID/EX EX/MEM MEM/WB
o

2 u

- i :(J

i A ForwardA
Registers e Forwarc > ALU 2
Data 2
memory

”'&L‘i)

ForwardB| r

EX/MEM.RegisterRd

b ™

» Forwarding | —

'\_7 unit / -

&R 1212
1
(xS )

MEM/WB.RegisterRd
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Control de los multiplexores para adelantamiento

Mucontrol | Sowce | Bwmatn

ForwardA =00 | ID/EX The first ALU operand comes from the register file.
ForwardA =10 | EX/MEM The first ALU operand is forwarded from the prior ALU result.

ForwardA=01 |MEM/WB The first ALU operand is forwarded from data memory or an earlier
ALU result.

ForwardB = 00 | ID/EX The second ALU operand comes from the register file.
ForwardB = 10 [ EX/MEM The second ALU operand is forwarded from the prior ALU result.

ForwardB =01 | MEM/WB The second ALU operand is forwarded from data memory or an
earlier ALU result.

7/9/16 L) Guillermo Aguirre 16

Condiciones para detectar riesgos.

Sefales de control. Riesgo con EX

if (EX/MEM.RegWrite
and (EX/MEM.RegisterRd # 0)
and (EX/MEM.RegisterRd = ID/EX.RegisterRs)) ForwardA=10

ID/EX EX/MEM MEM/WB
A oy — . e
N RegWrite
—
—u
— B
e -.‘U 1
i A ForwardA
Registers rwarc ALU+
N
— > M
Ll Data |
X memory
e
A
|
ForwardB
]
isterRd Jﬂ
EXIMEM RegisterRd

7 r,rrfu?;r’:ﬂl‘l‘; \=—| memwe RegisterRd ‘
unit /
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Condiciones para detectar riesgos.

Sefales de control. Riesgo con EX

if (EX/MEM.RegWrite
and (EX/MEM.RegisterRd # 0)
and (EX/MEM.RegisterRd = ID/EX.RegisterRt)) ForwardB=10

ID/EX EX/MEM MEM/WB

) RegWrite

=5 {M
—u
— |z . R

X
- - )

— .

egisters 4 ForwardA

|

=

—
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Condiciones para detectar riesgos.

Senales de control. Riesgo con MEM

if (MEM/WB.RegWrite
and (MEM/WB.RegisterRd # 0)
and (MEM/WB.RegisterRd = ID/EX.RegisterRs)) ForwardA=01

ID/EX EX/MEM MEM/WB

u) RegWrite

—
* : N —
e - J
Registers TForwardA
ol >ALU‘>
T
— >
M N\
= U ——o/ Data —{ —
X memory

RegisterRs |- = , Reglst arl—L{d
EX/MEM.RegisterKRT

Rd u —_—
- X . = | BF
s Forw in -
<= | MEM/WB.RegisterRd
n
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Condiciones para detectar riesgos.

Senales de control. Riesgo con MEM

if (MEM/WB.RegWrite
and (MEM/WB.RegisterRd # 0)
and (MEM/WB.RegisterRd = ID/EX.RegisterRt)) ForwardB=01

ID/EX EX/MEM MEM/WB
() RegWrite
[ ;‘4%
FESERE YALU ]
7 ( )
| M / Data | ()
: memory 'r -
X
_’\_/
RegisterRt | = Register d
% ‘M EX/MEM. RegisterRe
} u ———
x f -
A4 ~—| MEM/WB.RegisterRd
M ! : .
7/9/16 (L Guillermo Aguirre 20

Conflicto: sumar un vector de numeros

if (MEM/WB.RegWrite

and (MEM/WB.RegisterRd # 0)

and not(EX/MEM.RegWrite and (EX/MEM.RegisterRd # 0)
and (EX/MEM.RegisterRd = ID/EX.RegisterRs))

and (MEM/WB.RegisterRd = ID/EX.RegisterRs)) ForwardA=01

if (MEM/WB.RegWrite

and (MEM/WB.RegisterRd # 0)

and not(EX/MEM.RegWrite and (EX/MEM.RegisterRd # 0)
and (EX/MEM.RegisterRd = ID/EX.RegisterRt))

and (MEM/WB.RegisterRd = ID/EX.RegisterRt)) ForwardB=01
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IF/ID

Instruction
memory

7/9/16

{ EXIMEM
lCan ol | M —e|WR!
“Ct. tro I ‘ "] \n- rh—|_kiEM{WB
‘ Lo EX | M WBH—
bl . s e
M
a— u
- Y
E —
= N 1
é Registers ALU—> ¥ ., d
| "
= X
= 'S Data
™ | 2 memory
s
IF/ID.RegisterRs Rs .
IFID.RegisterRt | [Rt |
IF/ID.RegisterRt Rt a EX/MEM RegisterRd
IF/ID.RegisterRd Rd u >
s U
| Forwarding "‘t_ || MEM/WB RegisterRd
unit
() Guillermo Aguirre 22

Detalle de opciones en la entrada de la ALU

7/9/16

ID/EX EX/MEM MEM/WB
M
> u
X
Registers A
ALUSrc >
- 2N ALU —»
] > o
M
o |- Data B
¥ memory
‘»U
Signo ~ T
extendido \ -
- ﬂ >
> U >
G
;‘v'/ Forwarding 4_
’ unit |-
N S
D Guillermo Aguirre 23



Time (in clock cycles)
CC1 CcC2 CC3 CC4 CC5 CC#6 CC7 CcCs8 CC9

Program
execution
order

(in instructions)

Iw $2, 20($1)

and $4, $2, $5

or $8, 52, $6

add $9, $4, $2

st $1, $6, $7

7/9/16 @ Guillermo Aguirre 24

Riesgo load-use

Time (in clock cycles) >
CC1 cC2 CC3 CC4 CC5 CC6 CC7 CC8 CC9O9 cCc10

Program
execution
order

(in instructions)

Iw $2, 20($1)

bubble

and becomes nop

and $4, $2, §5

or $8, 52, $6

add $9, $4, $2
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Deteccion de riesgo load-use

if (ID/EX.MemRead and
((ID/EX.RegisterRt = IF/ID.RegisterRs) or
(ID/EX.RegisterRt = |F/ID.RegisterRt )))
atasco

No se modifican ni PC ni el registro IF/ID
Se crea una burbuja en EX. Una nop

Una nop son todos ceros
Las instrucciones posteriores se demoran 1 ciclo
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Unidades de riesgo y de adelantamiento

ID/EX.!

—| detection
ID/IEX
() o EX/MEM
~ M [ | fa
: Control } - u 1 | ey T I 1 MEM/WB
: X = |
IF/ID U LJex M
M
M
u
T Registers _/ | 'S
Y e A - =M
e % ALU >
Instruction £ ) o
PC N M X
memory Data
u memory >
X
U/
' T
IF/ID.RegisterRs
IF/ID.RegisterRt (i)
|IF/ID.RegisterRt Rt ‘M
IF/1D.RegisterRd Rd : ]
— ID/EX.RegisterRt — W, K> | _
Rs 7 H’im']"
Rl it
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Impacto de los saltos condicionale

Time (in clock cycles)

-

CC1 CC2 CC3 CC4 CC5 CC6 CC7 CC8 CC9Y

Program
execution
order

(in instructions)

| 40 beq $1, $3, 28 @—H—dmg & @_ Reg:‘

| 44 and $12, $2, $5 @— —ﬁRé[: % DM }— —Eegi
| 48 or $13, $6, $2 @— _ﬁé@ & —E?_Q
asasin s 2 15y #) o
i - = - -
' l
1721w 84, 50(87) M ﬂte[ :D» DM (Reg|
m . .
7/9/16 (L Guillermo Aguirre 28

Riesgos de control
Atascar hasta completar el salto es ineficiente.
Predecir como salto no tomado:
Acierto: sin costo
Fallo: descartar (flush) instrucciones
Reduciendo las demoras por saltos.

Adelantar la ejecucion elimina menos instrucciones.
Colocar el sumador para saltos en ID.

Una simple comparacion no requiere una ALU.

Se requiere adelantamiento.
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Optimizacion del salto tomado

36 sub $10, $4, $8
10 beqsT, §3, 7 S
44 and$12, $2, $5
48 or $13, $2, $6

52 add$14, $4, $7

72w $4, 50($7)
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and $12, $2, 85 beqg 81, $3. 7 ' sub $10, 84, $8 before<1> before<2>

/ Hazard “\| _|

IFAD
45
4w
1
& nstr
e T2 as e

Clock 3
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; Iw $4, 50(37) i Bubble (nop) ‘ beq $1, $3.7 i sub$10,... . before<1>
IF.Flush ! . !

]
'
MEM/WE
<k

Registers t

Data

(\ memory
» =
_.l(
Clock 4

m . .
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;. Qué vimos?

Dependencia de datos
Adelantamiento: circuitos y controles
Riesgo load-use

Riesgos de control

Salto no tomado
Penalidad
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