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What 1s BOA?

> “inary franslation

> ¢ pimized




BOA Goals

m Execute existin g PowerPC code 100%
compaitibl V: User anad supervisor: state

= Execute at i ghifreguenc V.

4 == Usea cynazrrnic oinzry irersleijor ic
meo PowerPC cocle io cocle for fii - ¢f
speed urclerlyin ¢ machine .




BOA Support for Binar Yy Translation

m .regs Vs i for PowerPC

| EXtra bits withi regs te help renaming, e.9.
of]i

m ALY ter guash speculative l/© ops
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Outline of Talk

= Back ground

m BOA Software
x BOA Hardware
m Resylts
 Conclusions




Similarities of BOA and DAISY

m PoerPC target

m Use dynamic binar V. translation te
achieve compatibilit Y with' PowerPe

= /LI ERIE Sty/ler anchitecture




BOA and DAISY Differences (1)

BOA DAISY
= PowerPC ops ffom = PowerPC ops from
Single path. multiple paths.

= Ops assilgnedito. = Mini-lcache maps
EUSHnpIpEne lixeds cache
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BOA and DAISY Differences (2)

BOA DAISY

= Predicated = [ree Instructions
pundles of 3 eps =

= Branchiprediction u ECOEE SUCCESSEY
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BOA and Other Binar y Translation
Approaches

= Runs whole architecture and not
dependent on OS, unlike

m Produces code for a different underl: — ving
anchitecture, unliker  Dynamoe.

= [=QCUS 0N GNE anchitecture; unlike:  Dxie
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Why software d ynamic translation?

= Hardware crackin g consumes, time
and/or transistors

m Vicrocode emulation lImits exploitation
of lIEP

m SEftwane: transiation aveids these
preklems bl requnes ik ghinRsiiclion
EUSe: NV G5 apEsSIaVENIING N EUSE:

DyneicAieis| il oWsH0055
conflezitigilii Y == Can handie arpitrary
entry points, self-modifyin g code, elc.




BOA System Architecture

Update Goto
Statistics next ins
X

Interpret Ins X
(PowerPC)

A
| NO X Prev J
<+ Translated

NO . Entry Pt

¢ Yes

Form Groy at X
and Translate Ins

to BOA Instruc

Exec Grop X's
BOA Translation




Statistics

m EQn each conaitional branch , keep
and counts

m @ each registerbranchr , keep: list of

iegister tar get values.
= Could keeproadivalsier  ValhENbEn o)




Group Fermation

= |[nclude ops from onll Yy a single path.

m Always fellew most likel vy direction of
conditionall branch.

m [[fnecessany, lavert Branch conads  so all

Pranches; expecied (e fiall-taru.
= @ptienalltygoertanuiier giSter BAaRChES:
cmpi crl5,PPC LR,
EXIT GROUP
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Group Stoppin g Conditions

= Eickle branch:
> E.g. go ene direction|less than of time
~ Jlermed Bias-9 => One way. times
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Suboptimalit y

N

JUY0

40% Cum Prob
Better Path to Schedule

i Jctiediyfec



PowerPC State and Precise
EXxceptions

= At group entry, save PowerPC re gister
state te shadoew re gisters.

= Save done i one cycle by hardware
WhHERI Branechin. gl te; new: groeup.

= Copy values tor PowerPC e gs only. al
group exits.
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PowerPC State and Precise
EXxceptions

Scratch Regs PowerPC Regs Shadow Regs

Group Start




Support for STORES

= : executes but later
InsStruction Ink  group pa ge faults.

= \\/ant to rollback te:  group start, but must
iescindiall executed

Store: @rder, Buffer( S0l5)

= Siened values QONEr S5, NENMEMGI Y
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Support for STORES

= : executes but later
InsStruction Ink  group pa ge faults.

= \\/ant to rollback te:  group start, but must
iescindiall executed

=  Slore: @Order, Buffer(SOB)




Store Order Buffer (SOB)

GroupStart Ptr

GroupEnd Ptr




Store Order Buffer (SOB)
BOA Group

STORE o H‘/ GroupStart Ptr

GroupEnd Ptr




Store Order Buffer (SOB)
BOA Group

H _— GroupStart Ptr

GroupEnd Ptr




Store Order Buffer (SOB)
BOA Group

GroupStart Ptr

GroupEnd Ptr

Exception




Store Order Buffer (SOB)

H _— GroupStart Ptr

BOA Group




Store Order Buffer (SOB)
BOA Group




Speculative Load Support

m Use ctr te assi gn seguence numper 1o
each andl STORE In a group.

m Seguence auieer part of opecede

" On S1OKE, hardware chiecks
= S0k addir overlaps a prev

nrnogr iz STORE
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Speculative Load Support (1)

m [Use ctr to assl gn seguence numper 1o
each and STOKE In a groeup.

m Seguence aumeer part off opcode:

PowerPC Code
LOAD X




Speculative Load Support (2)

= addr overlaps a prev. addr

= Prey addr has hi gher seguence
Almeer than

1 LOAD X
Z aliases

with Y

2 STORE'Y




Speculative LLoad Support (3)

= | aliasin g:
> Rollback greup to start and re-execute
> PEssibll Y retranslate te; unspeculate




Branchin g Between Groups and
ACross Pa ges

= Branch directl y from greup tor group.

= Put NS at start efieach group and
EVvery page cressin g.

m = loadl eal .ddress:

> Get 2o PowerPE cdeiEss fem Vi Addr
= Compare el Eul e eal aaars When
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BOA ISA (1)

= BOA Is variable len; gth VLLIW machine.
= BOA Instructions (bundles) are 128 hits.
= Bundlies have 3 prmitive ops.

= Primitive eps; have: SOhitsi plus: stop; PIL.

m S pIiST e kundle resenved e tite USes
SUcCh as predicaton:
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BOA ISA (2)

= . lnteger Registers
m 54 Eloat Re gisters
m 16, 4-pit Condition; Re: gisters

m Branches take: L ceyecle:
> Branchimispredicis cost:  7-GY/CIes
= Staticileranchipredi (& usiniginienprelerrstais: )
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BOA Latencies

= [nteger ops take | ecycle

> => [Depenaent ops must be. 2
CY/Cles apart

= LOADs lake sieycles
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BOA Resources

m Slots

m 2 [LOAD/ STORE Units
~ Each with ownicep: Y ofi e gister file

m AN iegerunits

> Each Withrewn cop! V. ef e gister file




BOA Ereguenc V.

= BOA has WOrst case ¢ ycle time in
current 0.18f um CMOS bulk process

m S| more than 50% better than other
0,18 um desi gns scaled fiemi0.25 um
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Recirculation

Fetch 1
Fetch 2

Decode

Recirculation
Buffer

 Execute

Recirculate Ins instead.




Recirculation
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Writeback




Recirculation
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Recirculation
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Recirculation

Fetch 2 Fetch 2

Decode Decode
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Execute Execute
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Recirculation

Fetch 1

Recirculation
Buffer

Execute Execute
Broadcast Broadcast

Writeback Writeback




Recirculation

Fetch 2 Fetch 2

Recirculation
Buffer

Broadcast Broadcast

Writeback Writeback




BOA Caches

Size

Line Size

Hit
Latency

L1 - Ins

256

1

L1 - Data

128

A

L2 - Joint

128

14

Memory




Benchmarks
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Factors in BOA Performance

m [pstruction Reuse Rate
= OfF times each Ins IS transiated
= [ransiator CPI

mpterpreter CP)

m Stalistics CP)
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BOA Baseline CPI
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BOA Grou p Lengths
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Effect of Bias on CPI
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Oracle Static Branch Prediction

1 Baseline
. Oracle




BOA and DAISY CPI




Conclusions

= uses d ynamic binar y: translation toe
fully: emulate the PowerPC architecture.

= IS a VLIV architecture desii gned for

RIgh frequEenc: Y. operation.

= S| CPllefiareund 1 IS comparakie to
MESHEXISiin @ SUperscalars:




Future Work

= Vultipath Schedulin: g:
> \Without
~ Without coae explosion

m \Viore use ofi @il urand valle pred/chion
m RedUCHoRS N TNElis EAlBINEHES]




