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Why a General Purpose Processor?Why a General Purpose Processor?

General Purpose ProcessorsGeneral Purpose Processors
Low CostLow Cost

Many buildMany build--toto--print flight boards availableprint flight boards available
Buy what you needBuy what you need
Single processor can be used for science data processing and Single processor can be used for science data processing and 
for controlfor control

FlexibilityFlexibility
Science processing algorithms and requirements may Science processing algorithms and requirements may 
change during development and on flightchange during development and on flight

PowerPower
Many Many GPPsGPPs have lowhave low--power modespower modes
Generally lower power than Generally lower power than DSPsDSPs
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Practical ConsiderationsPractical Considerations

Know your subsystemKnow your subsystem
Is the subsystem I/O or processor bound?Is the subsystem I/O or processor bound?

What does it take to get data to the processor?What does it take to get data to the processor?
What is the maximum data rate required?What is the maximum data rate required?

Know your development environmentKnow your development environment
What optimizations are supported by the compiler? What optimizations are supported by the compiler? 
Analyze your codeAnalyze your code

Static AnalysisStatic Analysis
Dynamic AnalysisDynamic Analysis

Seek the largest speedupSeek the largest speedup
Routines that dominate the compute timeRoutines that dominate the compute time
Routines that execute oftenRoutines that execute often
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Practical ConsiderationsPractical Considerations

General PrinciplesGeneral Principles
Know the systemKnow the system

Is the system I/O or CPU boundIs the system I/O or CPU bound

Know your development suiteKnow your development suite
What optimizations are supported by the compiler? What optimizations are supported by the compiler? 
Analyze your codeAnalyze your code

Static Analysis Static Analysis –– with tools?with tools?
Dynamic Analysis Dynamic Analysis –– with tools?with tools?

Optimize to seek the largest speedupOptimize to seek the largest speedup
Routines that dominate the compute timeRoutines that dominate the compute time
Routines that execute oftenRoutines that execute often
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Practical ConsiderationsPractical Considerations

The BAE Systems RAD6000The BAE Systems RAD6000™™
Features and CharacteristicsFeatures and Characteristics
Limitations and improvementsLimitations and improvements

Design ConsiderationsDesign Considerations
Improving I/OImproving I/O

The Atmel TSC695 SPARCThe Atmel TSC695 SPARC
Features and CharacteristicsFeatures and Characteristics
Limitations and improvementsLimitations and improvements

Design considerationsDesign considerations
Compiler optimizationsCompiler optimizations
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BAE Systems RAD6000BAE Systems RAD6000

Features and CharacteristicsFeatures and Characteristics
POWER architecturePOWER architecture

Predecessor to PowerPC, 32Predecessor to PowerPC, 32--bit instructions, RISC architecturebit instructions, RISC architecture
32 General Purpose Registers, 32 Floating32 General Purpose Registers, 32 Floating--Point RegisterPoint Register
Segment Registers, Link Register, Condition RegisterSegment Registers, Link Register, Condition Register
Superscalar design Superscalar design 

Integrated FixedIntegrated Fixed--Point, FloatingPoint, Floating--Point, Branch Processor, Memory Point, Branch Processor, Memory 
Management and I/O SequencerManagement and I/O Sequencer

Combined instruction and data cacheCombined instruction and data cache
8 8 kBkB 22--way set associative with 64 byte linesway set associative with 64 byte lines
StoreStore--through with automatic I/O coherencythrough with automatic I/O coherency

RAD6000 VME BoardsRAD6000 VME Boards
MESUR Flight Computer (MFC)MESUR Flight Computer (MFC)
Mars98 (MFC w/ onMars98 (MFC w/ on--board EEPROM)board EEPROM)
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BAE Systems RAD6000BAE Systems RAD6000

RAD6000 VME BoardsRAD6000 VME Boards
MemoryMemory--mapped access to VME busmapped access to VME bus
Wind River SystemsWind River Systems’’ VxWorksVxWorks OSOS
Green Hills C Compiler and development toolsGreen Hills C Compiler and development tools
Board Support Packages maintained by WRSBoard Support Packages maintained by WRS

MissionsMissions
Space Station Furnace Facility Control UnitsSpace Station Furnace Facility Control Units
IMAGE Spacecraft Control Unit and Central Instrument Data ProcesIMAGE Spacecraft Control Unit and Central Instrument Data Processorsor
Swift UVOT Data Processing UnitSwift UVOT Data Processing Unit
Swift XRT Electronics BoxSwift XRT Electronics Box

WhatWhat’’s next?s next?
BAE Systems has announced plans for the RAD6000MCBAE Systems has announced plans for the RAD6000MC™™, a system, a system--
onon--aa--chip with integrated MILchip with integrated MIL--STDSTD--1553B and a 41553B and a 4--port port SpaceWireSpaceWire
router [1]router [1]
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RAD6000 RAD6000 -- VME BoardsVME Boards

The GoodThe Good
RAD6000 VME Boards had stacks of memoryRAD6000 VME Boards had stacks of memory

128 MB of DRAM with built128 MB of DRAM with built--in Error Detection and Correctionin Error Detection and Correction
Great for buffering of camera images while processingGreat for buffering of camera images while processing

VME master supporting D16 and D32 accessVME master supporting D16 and D32 access
The BadThe Bad

No second level cache between processor and No second level cache between processor and 
DRAMDRAM

Intensive memory operations can be costlyIntensive memory operations can be costly
The UglyThe Ugly

VME DMA operation slower than processor I/O (PIO)VME DMA operation slower than processor I/O (PIO)
Not supported in later versions of Not supported in later versions of VxWorksVxWorks®® board support board support 
packagepackage
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RAD6000 RAD6000 –– Swift UVOT DPUSwift UVOT DPU

Events captured in Events captured in 
PingPing--Pong BufferPong Buffer

D32 VME transfersD32 VME transfers

Need to capture Need to capture 
events at high event events at high event 
raterate

VME Bus
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http://www.nasa.gov/mission_pages/swift/main/index.html
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RAD6000 RAD6000 –– Improving I/OImproving I/O

Load Multiple and Store Load Multiple and Store 
Multiple InstructionsMultiple Instructions

load or store from memory load or store from memory 
to a set of to a set of GPRsGPRs
not generated by C not generated by C 
compilerscompilers

causes pipeline stallscauses pipeline stalls
slower on later PowerPC slower on later PowerPC 
implementationsimplementations

faster I/O for the RAD6000faster I/O for the RAD6000
Can be generated Can be generated 
efficiently with macro efficiently with macro 
assemblerassembler
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GPR Type Preserved Usage
r0 volatile no scratch register, used in prologue and epilogue code
r1 dedicated yes stack pointer
r2 volatile yes table of contents (TOC) pointer
r3 volatile no first fixed-point parameter, first word of return value
r4 volatile no second parameter, second word of return value

r5 ... r10 volatile no third to eighth parameters
r11 … r12 volatile no environment pointer, global linkage pointer

r13 nonvolatile no registers that must be preserved across calls
r14 … r31 nonvolatile yes registers that must be preserved across calls

RAD6000 RAD6000 -- PowerPC ABIPowerPC ABI

FPR Type Preserved Usage
fr0 volatile no scratch register

fr1 … fr4 volatile no first floating-point paramter, first 8-bytes of return
fr5 … fr13 volatile no fifth to the thirtennth floating-point parameters

fr14 … fr31 volatile yes registers that must be preserved across calls

Application Binary InterfaceApplication Binary Interface

Except for CR fields 2Except for CR fields 2--4, all 4, all SPRsSPRs are volatileare volatile
*ABI lists r13 as small data pointer [2]*ABI lists r13 as small data pointer [2]

GPR Type Preserved Usage
r0 volatile no scratch register, used in prologue and epilogue code
r1 dedicated yes stack pointer
r2 volatile yes table of contents (TOC) pointer
r3 volatile no first fixed-point parameter, first word of return value
r4 volatile no second parameter, second word of return value

r5 ... r10 volatile no third to eighth parameters
r11 … r12 volatile no environment pointer, global linkage pointer

r13* volatile no used by VxWorks exception handler
r14 … r31 nonvolatile yes registers that must be preserved across calls
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RAD6000 RAD6000 –– GPR13 ProblemGPR13 Problem

General Purpose Register 13 is used by the General Purpose Register 13 is used by the VxWorksVxWorks
Exception HandlerException Handler

It is preserved so long as an interrupt does not occurIt is preserved so long as an interrupt does not occur

Potential SolutionsPotential Solutions
Lock out interrupts and use register 13Lock out interrupts and use register 13
Avoid using register 13Avoid using register 13
Use register 13 but consider the data it contains to be invalidUse register 13 but consider the data it contains to be invalid

get the data again for this wordget the data again for this word
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RAD6000 RAD6000 –– Swift XRTSwift XRT

Focal Plane Camera Focal Plane Camera 
pixels captured in pixels captured in 
FIFOFIFO
600x600 pixels, every 600x600 pixels, every 
2.5 seconds2.5 seconds

D16 VME transfersD16 VME transfers
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http://www.nasa.gov/mission_pages/swift/main/index.html
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RAD6000 RAD6000 –– Improving I/OImproving I/O

D16 determined by D16 determined by 
segment registersegment register

Load the data as a Load the data as a 
blockblock
Combine the data in Combine the data in 
registersregisters
Store the data as a Store the data as a 
blockblock
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Atmel TSC695 SPARCAtmel TSC695 SPARC

Features and Features and 
CharacteristicsCharacteristics

SPARC V7, RISC SPARC V7, RISC 
architecturearchitecture

Up to 25 MHzUp to 25 MHz
44--stage pipelinestage pipeline
Register fileRegister file

BuiltBuilt--In Floating Point UnitIn Floating Point Unit
BuiltBuilt--in peripheralsin peripherals

EDAC and parity checkerEDAC and parity checker
Memory InterfaceMemory Interface
TimersTimers
Interrupt ControllerInterrupt Controller
Dual UARTDual UART
General Purpose InterfaceGeneral Purpose Interface

Used TSC695 in GBM Used TSC695 in GBM 
and VME boardand VME board

Support for ESA ERC32 Support for ESA ERC32 
version of crossversion of cross--compiler compiler 
and RTEMS operating and RTEMS operating 
systemsystem
Other tools available now Other tools available now 
such as the Bare C such as the Bare C 
Compiler developed by Compiler developed by 
GaislerGaisler ResearchResearch

WhatWhat’’s next?s next?
Atmel producing SPARC8 Atmel producing SPARC8 
AT697E [3]AT697E [3]

Up to 100 MHzUp to 100 MHz
Debug Support UnitDebug Support Unit
More peripheralsMore peripherals



FSWFSW--07, November 200707, November 2007

TSC695 ImplementationsTSC695 Implementations

The GoodThe Good
Relatively good documentation set from AtmelRelatively good documentation set from Atmel
Support for GNU compiler and debugger and RTEMSSupport for GNU compiler and debugger and RTEMS™™
Simulators and evaluation boards availableSimulators and evaluation boards available

The BadThe Bad
No instruction or data cacheNo instruction or data cache

Since instructions are fetched from memory, fast memory is Since instructions are fetched from memory, fast memory is 
desirabledesirable

The UglyThe Ugly
OnOn--chip watchdog timer does may not reset processor if a fault chip watchdog timer does may not reset processor if a fault 
occursoccurs

Need external watchdog timerNeed external watchdog timer
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TSC695 SPARC VME BoardTSC695 SPARC VME Board

SwRISwRI SPARC7 SPARC7 
VME BoardVME Board
OnOn--board board 
peripheralsperipherals

MILMIL--STDSTD--
1553B1553B
ADCADC
Discrete I/ODiscrete I/O
Asynchronous Asynchronous 
Serial Serial 
InterfacesInterfaces
External External 
Timers, Timers, 
WatchdogWatchdog
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TSC695 TSC695 –– Improving PerformanceImproving Performance

Use floating point registers to Use floating point registers to 
move or fill memorymove or fill memory

Use Use gccgcc compiler optimizationscompiler optimizations
volatilevolatile keyword is keyword is 
important!important!

volatilevolatile uint32_t *uint32_t *hkdata_fifo_phkdata_fifo_p = S7VME_HK_FIFO;= S7VME_HK_FIFO;

intint j;j;
intint hkdata_indexhkdata_index = 0;= 0;

for (j = 0; j <DET_HKDATA_CHANNELS; j++)for (j = 0; j <DET_HKDATA_CHANNELS; j++)
{{

hkdata_p[hkdata_indexhkdata_p[hkdata_index] = ] = 
(uint16_t)MASK_16(*(uint16_t)MASK_16(*hkdata_fifo_phkdata_fifo_p););
hkdata_indexhkdata_index++;++;

}}

Profile your codeProfile your code
Use a simulator to profile such Use a simulator to profile such 
as as GRGR’’ss TSIM [4]TSIM [4]
Compile on an older Sun Compile on an older Sun 
Workstation and use Workstation and use gprofgprof

Some Compiler OptimizationsSome Compiler Optimizations
Common Common SubexpressionSubexpression
EliminationElimination
Moving Loop InvariantsMoving Loop Invariants
Function Function InliningInlining
Loop UnrollingLoop Unrolling
Resource schedulingResource scheduling

gccgcc includes many more includes many more ……
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Ping Pong

Detector Electronics
(Integrated w/DPU)

Data Processing 
Unit

Ping Pong

ITIME

ISPEC

TSC695 TSC695 –– GBM DPUGBM DPU

Data Types captured Data Types captured 
in Pingin Ping--Pong BuffersPong Buffers

1616--bit Data Typesbit Data Types
OptimizationOptimization

Before 20.4 to 21.4 msBefore 20.4 to 21.4 ms
(ITIME +IPEC)(ITIME +IPEC)
After 6.6 msAfter 6.6 ms

http://glast.gsfc.nasa.gov/
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Questions?Questions?


