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Lightning Project

A Superscalar+ SPARC Microprocessor

• Basedon Metaflow architecturefrom Metaflow Technologies,Inl'. of
SanDiego, CA.

• Joint developmentof Metaflow, LSI Logic, Hyundai Electronics.

• SPARCCMOS processorchipsetpackagedasSun Mbus-2 "module".

• Estimatedperformance:Average100 MIPS with 50 MHz clock (from
a peakrateof 200 MIPS).

• Samplesscheduledfor Q2 1991

Lightning is a trademarkof LSI Logic Corporation,SPARCis a trademarkof Sun Microsys-
terns,and Superscalar+is a trademarkof Metallow Technologies,Inc.



DistinguishingFeaturesof SPAReLightning Processor

Metaflow Superscalar+Architecture

• Four instructionsissuedper clock (up to 3 integer/floatingpoint in-
structionsandone branch).

• Six parallel functionalunits (3 integerALUs, two floating point ALUs,
1 branchunit).

• Dataflow-basedout-oC-orderinstruction issue/execution(both mem-
ory and ALU operations),in-order completion,with precisetrapsand
interrupts.

• Speculativeexecutionbeyond unresolvedconditional branch instruc-
tions (through multiple basic blocks, with instant staterepair on er-
ror).

• Above mechanismsare completelytransparentto executingprogram
(strict SPARCASI compatibility).

Lies, Damn Lies, and Benchmarks

Benchmark IPC MIPS MFLOPS Remarks

Dhrystone(ver 1.1) 2.3 >110 n/a

SPECmark(integer)

gce * * n/a

espresso * * n/a

Ii * * n/a

('qntott * * n/a

SPECmark(FP)

spice * * *
doduc * * *
nasa7 * * *
m300 * * *
fpppp * * *
t.omcatv * * *

* To be suppliedat conference.

Notes:

I. Rasedon RTL·levei simulationsof processor,caches,Mbus and DRAM memory, 50
Mllz processorclock, compiled using unmodifiedSun SPARCcompilers.

2. IPC = instructions per clock, MIPS = millions of SPARC instructions per second,
MFLOPS =millions of floating point operationsper second.



INSTRUCTION-LEVEL PARALLELISM
DESIGN TRADEOFFS'
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Observations Regarding the SPARe Lightning Processor

• Sustainedexecutionwith IPC ::::::2 common

• Out-oC-orderissue/executionkey to good performance

• Processorconstantly"in speculation"(typical basicblock is <2 clocks!)

• Relativeinsensitivity to memorylatencyfor data(due to DeAF)

• Optimal "codescheduling"by compiler not important

• "Delayedinstruction" alter brancha nuisance(1 delayedinstruction ==
1/4 "extra" clock)

• Fundamentallimits to performance:

- Memory port bandwidth(single64-bit port)

- Branchpredictionrate (unwantedspeculativeexecution)

- Calculatedbranchaddresslatency(e.g., "jump tables")

- Instructioncachehit rate
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