Branch Predichion

PWes ihs’\'mc ansé

OP1
oP2
BRT
OP4
T:
OP5

A

S¢t Pe azmAMg b prediction, —need t‘“&‘j addnass, T

Predict isBR
'Wd- 'Pc‘l‘ch P‘ PGIIHC
— ' lz¢ [ 1> |EX | MEM [WB
OP6 L:OP5 OP4 IBRL OP2 | OP1

(17 onesifu: st T, valid 1)
(,2”‘! ocumance t use | from m)

No (Count
-1
Prelid: Tekam, ‘ l.ieti\’.c_} g Count
T Predict . wken \
x A & BR? 3
"/
,? DO Twem R%FJL
A
l @t
Sa}ur&+(h9

1-'\0'\"'coun7Ler‘ Predictor ]c

Preét'i‘ibh TQHQ

O'V\nwm
Ao A

“"‘3"“7

counit BR addr Targel \IalfJ

A

T

1

: Y
Preé% aken T

Search table for A? Too slow
Index using A?
==> table size?

Too big

Index using A[7:2], e.g.?
==> 64-entries:
==> incomplete:
==> don't store A: Small table

Fast lookup
Collisions

L~ L}/nau, coll ISiens

P(eé\'t_ CA'T&kQV\ - {1 , COUJ'.>0

00

L

L

6

count==0
entry into loop:

Predict-taken = 0, WRONG (nullify instr.), count <==
last iteration:

0, covst < 0
l l
BR

J

/

S Table inJe;;(

GWM '{3 "Vl'3-ﬂecl|'il'
Predict-taken = 1, WRONG (nullify instr.), count <== 0 e P [0’01) 0"17;7_



nh- ‘:\'\' Prediclor

1, couﬁ|'> Ww(/z
Fredicted -Token = 0, Coust < MEX/,

G

Hot Wwa bits jfn raé rcSuHs.?
- Ae{’?/ﬂf&s m wnﬂcmé

— poimoit
How l)na a“hM»?

26t, Yk = 0-20] wmisel (spc)

first entry: count <== max/2 (+e)
next k BR's:

Predict-taken = 1, count++
last iteration:

Predict-taken = 1, WRONG (nullify instr.), count--

next entry into loop:
Predict-taken = 1, count++

CaC-D\e

v|TAG

I

Some other influences to consider:

/_\\

COUNT
Sc{,"\l r‘a,Tl n 8

Mo rollover /under

whil M‘%S?

if (x)
correlo.‘}es elie 0
1) R‘ \& <« 1

if(g)
=p> Colsl - based pr €3i<+ on

[010010] = kis‘hsrg Jz recent branches
544'# i Jitet” BR=Tehon bt

== @R pa.'H’ern takde
STsre pa;‘ﬁerns in Teble w/coun‘/'s

Lovk “p pd}ler nb ZJ preét'c’('fcm
Adjisk onal fn tht pithin,

-

et predichim
b'r‘-‘ Pim cadhe On JLQJIQQ«\/ no foa&w
fo ead) ward = 4 Plehcim b'u‘"s heeded .

when joat)uhg

Upc}dke BR"T‘!(UV\ E'-}f
Q,,JUL UOJ(.

v cache ! Load )

Table m rcpl&cem(’/m :

--- Multiple threads of execution? Multiple processes?

--- Different states.
--- Different prediction tables?
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SW $1, lé(tg) Looking for independent instructions.

Schedule to avoid stalls.

LW $ 11 L/($ 3) Speculate that SW and LW are independent.

Reorder code to avoid Load-Use stalls.

Reorder code to avoid BR bubbles.

Reorder code into delayed BR slots.

Reorder freely.

HW: Check addresses at runtime: where they
independent? If so, fix.

SW: Insert code to check, and code to do the
fixing up if wrong.

Rename registers to avoid false dependencies.
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Loop UNro“fv\a

LW $1,0($2)
ADD $1,$1,$3
SW  $1,0($2)
ADDi $2, $2, -4

BNE $2, $0, L

Data dependencies exist ($1) between three instructions.

L:

$1 <==A[$2]
$1 <== $3 + $1
A[$2] <==$1
$2--

until( $2 == 0)

Cannot schedule out-of-order nor in parallel. (Also $2
dependency across loop iterations.)
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$1<==A[$2]

ANAS
$4 <==A[$2-4]
$1 <== $3 + $1
$4 <== $3 + $4
$2 <==$2 -8
Loop
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Unrolled loop shows "naming
dependency", aka, "anti-dependency”

$1 <==A[$2]

$1 <== $3 + $1

AL $2] <==$1

$2-- > inJepméeh’\'
$1 <==A[$2]

$1+= $3 $0==Y

Al $2] <== $1

$2--

Independent except that same regqister is
used ($1). Compiler can rename to exploit
existing ILP.
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Static issue,
Instruction pairs issued together

Compiler scheduling



VLIW
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Can we fill w/ useful operations?

How do we discover ILP to build VLIW instructions w/ few NOPs?

How big is a program?



Multiple functional units Some operations take a long time (FP divide, e.g.)

Let other, non-dependent instructions flow by in

arallel.
INT P
ALU In-order issue, out-of-order completion.
What to do with multiple completions in same cycle?
INT What about forwarding between units?

/ Div How to keep track of dependencies?
—
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Multiple pipelined functional units.
Same issues as above,
INT plus
ALU pipeline hazards.
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Could have combination
pipelined
and
non-pipelined, multi-cycle units.
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In general ILP:

--- Dataflow approximation
--- discover instructions to run in parallel (arch, compiler, programmer)
--- handle data dependencies
--- hide latencies due to control dependencies
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Tagging to match
register content w/
operation.

Renaming registers to
avoid false
dependencies.

Forwarding per
dataflow.

Evaluating addresses
to check on
dependencies.
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HW Speculation

--- Keep track of traces (cache).

--- Speculate on taken trace (nullify as needed).

--- Execute multiple traces in parallel (nullify as needed).
SW Speculation

--- Rewrite code with multiple traces.

--- Add code to undo bad speculation.

--- Profile benchmarks to pick most probable trace as first executed.






