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• Silicon GraphicsTFPMicro-SupercomputerChipset

I
I
ｾ
t
i
I
I
W

I
ｾＺ

i

I
t

I t
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t Supercomputerperformanceatmicroprocessorprices

• 300MIPS, 300MFLOPSpeak
• 1.2 GB/s load/storebandwidth
• 8"x7" footprint, < 100W perprocessorchipset
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Product Goals

t Performanceof low-endvectorsupercomputers
ｾ

I • Two double-precisionmultiply-addspercycle(4 FLOPS)
ｾ; • Two 64-bit load/storeoperationspercycle
t

• Multiprocessorcapable

ｾ Microprocessor-likecoststructure
i · Fewhigh-integrationCMOS chips f

• ExtensivecachingusingcommoditySHAMs I
• TIL signals,PGA packages

, • SuperscalarimplementationofMIPS instructionset Iel ·Scheduledcoderunswell onR4000 ｭ ｩ ｣ ｲ ｯ ｰ ｲ ｯ ｣ ･ ｳ ｳ ｯ ｾ • ｾ ｾｩｊ



Innovation:Split Level Cache

Architect'sdilemma:
• Integer/addresscomputationsneedfast caches;smallok
• Floating-pointneedslarge,high bandwidthcaches;slowerok
• Bothmustperformwell to satisfyrealworkloads
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*f:f Solution:
• Single-cycleon-chipcachefor integer/addressdata
• Multi-cycle pipelinedoff-chip cachefor FPdata
• DecoupledFPUpipelinehidesoff-chip cachelatency
• Hardwaremaintainscoherencebetweenon/offchip cache
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8K lines
4 x 1288
subblocks

random re I.

•

60f18
ｓ ｩ ｾ P.Hau
ｾＢＮＮ 7/12113

1..16M8
4 sets

2 way
interleaved

/"............-------------------------------..,



IntegerPipeline

• Low-latencyRIse pipeline
• No loaddelayslot
• Dataforwardingfor dependentloadafterstorein samecycle
• Branchanddelayslot canexecutetogether

Fetch Writeback

register
file write

•

70f18
SiIit:tJnGrlJphk: P. Hau
c....-s,.. 7/12m

Execute

Al..O··OperatiOn .
data cache access
branch resolution
TLBlookup
exception detection

ydDecode
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Decoupledinstructionprefetchpipeline
• Dispatchdecisiontakesfull cycle
• Critical pathcontrolsfew muxes,not RAM address

8.3.4
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BranchPrediction

BCACHE14----L..------'------.l ICACHE
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Misprediction Penalty

begin fetching target t.
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misprediction detected I
begin fetching good target i
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3 cycle penalty

resume execution
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II fI • Branchpredictionassociatedwith delayslot I
I ·Unified E-stagelogic for misprediction,exception,cachemiss )
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DecoupledFloating-Point Unit
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FPU

floating-point
instructions

Cache Data
(Odd Bank)

I

Cache
Tags

I

crossbar

Integer
Pipeline

I
! eternal claChe pipeline (5 stigeS)

II Cache Cache Data
address .......,..---..1;; Tags (Even Bank)bellow······..
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Unbuffered Interleaved Cache

Good alignment
100% efficiencyｾ ﾷ ｾ ｭ ｭ
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Effect ofAddressBellow

8.3.7· ,j

Bad alignment
100% asymptotic efficiency

ｾ ｾ ｗ

. Good alignment
100% efficiency
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D D D D Dbellow
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I
I AddressbellowresolvesbankconflictsI ·Compilerworry: Unifonn distributionof even/oddreferences
, • Hardware takescare of alignment problems

• Effective for subroutine array parameters
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Split Level CacheCoherence

·struct {
char Ch[4]
float Flt
int Ival

if ( s.Ch[2] ==
s.Flt =

}
= s.Ival

) {

} s

valid Cache Linestates

1 1

1 0 Flt

1 1 Ival

Dcache Action

Hit Miss

Int 5t
merge data fetch & retry
set valid (set invalid)

FP5t set invalid nap
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I • Valid bit per32-bit word in cacheline ,

I ". Efficiently supportsmixedintegerlFPstructuresj.• Ｂ､ｾｬ
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WandFPUFacts

O.7JlCMOS (O.5JlL-eff), 3-Metal

75 MHz

17.3rom x 17.2mm

IU 2.6M, FPU830K

591pin CPGA, 382signals

3.3 V

ProcessTechnology

CycleTime
!
ｾ D· Sf Ie ize

I TransistorCount

I Package

I Voltage

I PowerDissipation < 15 W each@ 75 MHz II Interface LVTTL ie
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IU andFPUFacts(cant)
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Fourinstructionspercycle

384entries,3-waysetassoc.

21\48 virtual, 21\40 physical

16 KB each,directmapped

Singlecyclelatency

1..16 MB, 12 ns Sync.SRAM

Five cyclelatency,pipelined

ExternalCache

IssueRate

AddressSpace

I-Cache,D-cache

TLB
Floating-PointUnit
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Two 4-stagempy-addpipelines I
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Divide latency:20 cycles !
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Summary
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Supercomputerperformanceat microprocessorprices
• 300MIPS, 300MFLOPSpeak
• Handfulof CMOS chips

4-waysuperscalar
• Deliversbandwidthof vectorarchitecture
• Solvesbinarycompatibilityproblem

i Advancedyet low-costmemoryhierarchy
I ·Split level cachemakesoptimaluseof on-, off-chip RAM

I ·Addressbellowgreatlyimprovesinterleavedcacheefficiency
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