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3.3.2

Goal:

Affordable Solutions for Data Intensive Problems

II High DeliveredPerformance
_ Large Problems
II Affordable: roughly $100k to $lM
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Strategy: Replication
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II Data Parallel

• Programmable

• Efficiently Use 1000sof Processors
II Synchronous

• ReducesCommunication Latency

• Improves Communication Efficiency

• Simplifies Communication Interfaces
II Balanced& Scalable

• Communication Bandwidth & Latency

• Memory Bandwidth



The World's First

32 X 32
Processor
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1024 PEs per Board

3 global
router
chips
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Design

• Designleveragefrom replication
• Gluelessinterfaces
• Areaandpowerefficient
• Optimizedsystemperformance
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PE "Slice" DesignLeverage
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_ Design1 PE

• Only 3% of chip area

• Optimizelogic design

• Hand-craftlayout
_ ReplicatePE 32 times
• Restof Chip

• SharedControl

• ExternalInterface

• About asmanytransistorsas 1 PE
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PE'BlockDiagram
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Reduction
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PE: 32-bitDataPath

• 64 32-bit Registers

• SpecialaccessmodessupportFPinstructions

• Somereservedfor systemuse
II 32-bit ALU
• 32-bit Barrel Shifter

• Built from power-of-2shifters

- Smallerandfasterthan "selection"shifters

- Independentlydecodesshift amountin eachPE

MasParMP-2 PEChip: A Totally Cool Hot Chip
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PE: 32-bitDataPath

II 64-bit IEEE FractionUnit

• Handlesroundingandexceptiondetection

• Controlsbarrelshifterfor renormalization
• I6-bit IEEE ExponentUnit

• Controlsbarrelshifterfor denormalization
• I-bit Logic andFlag Units

MasParMP-2 PEChip: A Totally Cool Hot Chip
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PE: Interfaces
Memory

• SpecialInterfaceRegisters

• Address

• Data
• EachPEcanaddressits memoryindependently
• PEscancontinuecalculationsduring memoryaccess

• Array controllerchecksregisterdependencies
automatically
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PE: Interfaces
Communication

• GlobalRouter

• 16 PEsshare1connectionto externalrouter

• Inboundandoutboundbit-serialports

• Arbitration anddecodinglogic independentlyselect
which PEusesinboundandoutboundrouterport

• Circuit Switched
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PE: Interfaces
Communication(Cont.)

II Nearest-Neighbor

• Inboundandoutboundbit-serialports

• Choiceof neighborcontrolledglobally

• Synchronoussystem

- low protocoloverhead:1bit ("datavalid")
II Broadcast

• Copies1 scalarvalueto all PEs
II Reduction

• Global OR combinesparalleldatainto scalarresult
01 ..•..Ｌ Ｎ Ｅ ｋ ﾷ Ｌ Ｌ Ｌ Ｌ ﾷ Ｌ Ｌ ｌ Ｌ Ｌ ﾷ ＼ Ｌ Ｌ Ｌ ﾷ ［ Ｌ ［ Ｚ ｬ Ａ Ｑ Ａ ﾥ ｊ Ｌ ｾ Ｌ Ｌ ｷ Ｌ Ｇ Ｂ ｾ Ｌ Ｌ Ｌ ｾ Ｆ ｬ ｲ ｭ Ｅ Ｑ ｂ ｬ ｔ ｉ ＿ Ｇ ﾥ Ｅ ｬ ｗ Ｑ ｮ Ｅ Ｅ Ｌ Ｇ ｎ ｗ ｗ ＿ Ｇ ｜ ｗ ｗ ｦ Ｉ Ｇ Ｗ Ｂ Ｇ ［ Ｌ Ｚ Ｚ ｆ Ｇ ｆ Ｇ ＿ Ｚ Ｂ ｻ Ｂ Ｂ Ｂ Ｌ MasPar .

MasParMP-2 PEChip: A Totally Cool Hot Chip
HOI ChipsV. AUlust 8-10. 1993 Slide IS

PEClusterMemoryInterface
", ; ...ｾ Ｎ ［ Ｎ Ｍ Ｋ ｩ ］ ｬ Ｚ ｩ ｾ Ｚ Ｚ Ｚ Ｚ ｷ ｴ Ｅ ｾ Ｎ ｍ ｴ ｴ Ｚ ｒ Ｅ Ｃ Ｚ Ｚ Ｚ ｌ ｲ Ｚ ［ ［ Ｚ Ｚ Ｚ ｭ ｾ Ｚ Ｚ Ｚ Ｚ Ｍ ..ｾＺｴＺＺＺＺｻ Ｚ］ＺＺＺＺＺＺＺＺＺＺＺＺＺﾷＺＺＺＺＺＺＺｴＺｲＺＺＺＺＺ［ﾷＧｾｾｦＺＺｭＺＺｾｮｷｭＺｾｔＺＺｾＺＺＺｾＺＺﾷｆＺＺＺｾ［ｾｾＺＺＺＺｾ＼ＺＺＺＺＺＺＺＺｴ＿＿＿ＺＺＺＺＺ［ＺＺＺＺＺｾＺＺ＿ﾷＺＺＺＺＺ＿ｾ ｔ＿｜＿Ｚ＿ＺＺＺＺＺＺＺＺＺＺＺＺ［ＺＺＺＺＺＺＺｾＺＺＺＺﾷＺＺＺＺＺＺＺﾷＺＺＺＺＺﾷＺＺＺＺＺＺＺｻＺﾷＺ ＺＺＢＧＺＢＺＢＧＺＢＬ ,,:::::.

Memorybandwidthis keyto deliveringhigh
peiformanceon large problems.

II Efficient DRAM use

• Canuseeverypin of everyDRAM, all the time

• UseswidestcommodityDRAMS (x8)

• Useson-chipparallelismto automaticallypipeline
memoryaccesses

II Small, replicatablememorysystem

• EachPEchip requiresonly 6 DRAMs + no glue logic

• 16PEsshare3 DRAMs thatprovide 16-bit data+ ECC
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Circuit Design
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Putting32 PEson onechip with a nl0destclock
speedallows the useofcircuit designmethods

that savearea andpower.
This enablesthe replication strategy.

• Minimum devicesizeseverywhereexceptcritical paths
• Flow-throughlogic computesa lot in onecycle

• Avoids addingpipelineregisters:savespowerandarea

Ｔ ｊ ｌ ﾷ Ｚ ﾷ Ｚ ﾷ ｫ ａ ｫ Ｚ ､ ［ ｢ ｍ ｨ Ａ ｜ Ｅ Ｚ Ｚ Ｚ Ｚ Ｚ Ｚ Ｚ ｾ Ｑ Ｌ Ｏ Ｇ ｬ ｂ ｬ ｬ Ｇ ｗ ｴ ｀ Ｂ ｀ ｗ ［ ｓ ｐ ｗ Ｗ ﾥ Ｗ ｴ Ｚ Ｚ Ｚ ［ Ｚ Ｚ Ｚ ＿ Ｚ Ｚ ［ Ｚ Ｚ Ｚ Ｚ ｹ Ｚ Ｚ ｶ Ｚ Ｚ ﾷ ｳ Ｎ Ｎ Ｎ Ｎ Ｎ Ｎ Ｎ Ｎ Ｎ Ｎ Ｎ . , MasPar
MasParMP-2 PEChip: A Totally Cool Hot Chip
Hoi ChipsV. August8-10. 1993 Slide 17

Circuit Design(cont.)
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• Decodeandcontroldoneat chip edge,not in eachPE
• Clocking: shortphase1 andlong phase2

• time savingsof I-phaseclock

• simplicity of 2-phaseclock
• Zero-detectionin floating-pointcircuitry usespartial ripple

carry with treecombining:savesspaceandpower
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II 950,000Transistors
II 1.01l two-level metal CMOS, 5.0 V

• commodity processfor affordable
replication

II 64 Kbit SRAM register file

• 20% of area

• 50% of transistors
II 550mil x 550mil die size

MasParMP-2 PEChip: A Totally Cool HOI Chip
HOI ChipsV. AugustS-lO,1993 Slide 19

II 0.8 W -- low power:

• simple air cooling

• nexpensiveplastic package
II 208pin PQFP (plastic quad flat pack)
II 80 ns

• modestclock rate savespower and area

MasParMP-2 PEChip: A Totally Cool HOI Chip
Hot ChipsV. AuIUlt 8-10. 1993 Slide 20



• Die Photo
'. ;

;';''1&.,.£1;'",.,.",+,&·"",3&+#4#6·,,,,,,,,, <,?;;-;wkk:@Fl%fWS@')@''fHS(':'O/'.'.'s';:'':''''';''''');';'·,.',.'.,.,. .',' """,.,.., MasPar
MasParMP-2 PEChip: A Totally Cool Hot Chip
Hot ChipsV. August8-10. 1993 Slide 21

Performance

Peak Chip
MemoryBandwidth 45. MB/s*
Nearest-NeighborBandwidth 45. MB/s
GlobalRouterBandwidth 2.7 MB/s
32-bit Integer 133. MOPS
32-bit FloatingPoint 12.3MFLOPS
64-bit FloatingPoint 4.6MFLOPS

Linpack(64-bit)

System
.23. GB/s
23. GB/s

1.3 GB/s
68. GOPS
6.3 GFLOPS
2.4 GFLOPS

1.6GFLOPS

MasParMP-2 PEChip: A Totally Cool Hot Chip
HotChips V. AuaDII 1-10.1993 Slide 22
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Philosophy:
• Leveragecommoditypartswhensuitable

• E.g., DRAM
• Usecustompartswhengive compellingadvantage

• E.g.,PE Chip

- communicationlatency& bandwidth

- memorybandwidth

- integration(gluelessinterfaces)

- cost

.'. ＮｧＮｧｨ｜ＢＧｬﾥＣ［ＮｾＺ［＿ＺｦＺＧＺﾥ､ＺＺＧＺＺＮＺＺｬｮｽＦ･ｪｾＺｴＺＺＺ＾ＺＺＺＺＧＺｩｉｒｷｭｭｭｾｷｾｾＮｾｾＺＺＺｾｾＺｾｾｾｾＮｾＮｾＺＺＺｾＮｦＡＺｾＺＧＺｾＮｾＺ［ＮｬＺ MasPar
MasParMP-2 PEChip: A Totally Cool Hot Chip
HoI ChipsV, August8·10.1993 Slide 25

Future Directions

II More powerfulprocessors

• Borrow ideasfrom single-processorchips
II More processors

• Alreadydemonstratedscalabilityin
hardware,architecture,andsoftware

Whatothercomputertechnologyenjoystwo such
clearpathsto continuedpeiformancegrowth?

.kkMib+Z*.:····::{·\:.h:.. :",..ｖＱｍＩﾷﾷｾＺＧﾷﾷﾷＬＢＺｨＺｾﾷﾷＺＺｉＢ＿ﾷﾷﾷ :..... ｴＢＺｾＬＺＧｲＺＺＧｙﾷＢＺＺＺＢＺＺＢＬ ::·,····,,.················· : J MasPar
MasParMP-2 PEChip: A Totally Cool Hot Chip
Hot Chipsv. Au&UIt 8-10. 1993 Slide 26
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