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OverviewOverview

•• Small SAR Benchmark Small SAR Benchmark –– demonstration on demonstration on PlaystationPlaystation 33
–– Fits on Cell Broadband Engine (Cell/B.E.) with Fits on Cell Broadband Engine (Cell/B.E.) with ““out of the boxout of the box””

Gedae thread schedulerGedae thread scheduler

• Range and Azimuth strip-mined on SPEs
• Centralized transpose on PPE

–– Fits on Cell/B.E. with hand crafted distributed transposeFits on Cell/B.E. with hand crafted distributed transpose

• First stage of Gedae thread scheduler optimization
• Manual memory management between local SPE 

memory and PPE bulk memory
–– Demonstration on Demonstration on PlaystationPlaystation 33
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Overview Overview (continued)(continued)

•• Large SAR BenchmarkLarge SAR Benchmark
–– Demonstrates efficiency of phase 1 release of GedaeDemonstrates efficiency of phase 1 release of Gedae--CBE CBE 

(Gedae for Cell/B.E.)(Gedae for Cell/B.E.)
–– Fits on Cell/B.E. Fits on Cell/B.E. SPEsSPEs with optimization of thread schedulerwith optimization of thread scheduler

• Uses hand crafted distributed transpose
•• Automation roadmapAutomation roadmap
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First Test Case:First Test Case:
Small SARSmall SAR
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First Test Case:First Test Case:
Small and Large SARSmall and Large SAR
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First Test Case:First Test Case:
Small and Large SARSmall and Large SAR



7

Execution of Execution of SarSar Algorithm on Quad Algorithm on Quad 
AltivecAltivec –– Distributed TransposeDistributed Transpose

Execution 
Timeline

Flattened 
Graph 
Showing 
Partitioning

Distributed 
Transpose
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Small SAR Implementation Small SAR Implementation 
IssuesIssues

•• Range data size is 64 x 256 complex Range data size is 64 x 256 complex 128 Kbytes128 Kbytes
–– Strip mining reduces the size of the data by processing 1 row (oStrip mining reduces the size of the data by processing 1 row (or r 

N rows) at a timeN rows) at a time

•• Corner turn and adjoin is 256 Kbytes so must be either Corner turn and adjoin is 256 Kbytes so must be either 
performed from bulk (PPE) memory or distributedperformed from bulk (PPE) memory or distributed
–– First iteration has centralized transpose and adjoin implementedFirst iteration has centralized transpose and adjoin implemented

on PPEon PPE

•• Azimuth data is 128 x 256 complex Azimuth data is 128 x 256 complex 256 Kbytes256 Kbytes
–– Must be strip mined to fit into memoryMust be strip mined to fit into memory
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Implementation SettingsImplementation Settings

Subscheduling is 
Gedae’s technique 
for strip miningPartitioning the 

functionality 
specifies how the 
application is to be 
broken up for 
distribution to 
processors or cores.

Each partition is 
given an ASCII 
name. The host
partition will run on 
the PPE.
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Mapping of Partitions to Mapping of Partitions to 
ProcessorsProcessors

Partitions are mapped 
to logical processors 
using an equation with 
variable $1

Trace buffer size is 
set to 2000 to 
conserve memory.

Logical processors 
are either SPUs or 
PPUs

$1
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Memory Map Shows SPU Data Memory Map Shows SPU Data 
Memory Foot PrintMemory Foot Print

Maximum memory location (0x2c00 
≡ 11,264 bytes) is sufficiently small 
to easily fit in SPE memory
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Graph Modified to Measure Graph Modified to Measure 
ThroughputThroughput

Data read from file and 
display in GUI are 
limiting factors so they 
are replaced with fast 
boxes.
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Execution of SAR Algorithm on Execution of SAR Algorithm on 
Cell Cell –– Centralized TransposeCentralized Transpose

Range 
processing

Azimuth 
processing

PPE 
transpose

PPE is 
bottleneck 
causing SPEs
to idle during 
transpose

Multiple firings with 
sends and receives 
implement strip 
mining
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Implementing Distributed Implementing Distributed 
TransposeTranspose

•• Distributed transpose requires movement of data from Distributed transpose requires movement of data from 
bulk memory to SPE transposing and then inserting back bulk memory to SPE transposing and then inserting back 
into bulk memoryinto bulk memory
–– The implementation issues are illustrated on the next chartThe implementation issues are illustrated on the next chart
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Mapping of Data to Processor Mapping of Data to Processor 
for Range and for Range and 

Azimuth ProcessingAzimuth Processing
Input array in bulk memory

Distributed transpose and adjoin are combined 
to minimize data movement over bus. This 
operation is repeated for every sub-rectangle

Output Array

Step 1
Step 2

Step 3
Step 4

Step 5
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Mapping Buffers to MemoryMapping Buffers to Memory

Buffers are 
mapped to 
bulk or SPE 
memory as 
appropriate
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Execution of SAR Algorithm on Cell Execution of SAR Algorithm on Cell 
Processor Processor –– Distributed TransposeDistributed Transpose

Distributed 
Transpose

Range 
processing

Azimuth 
processing

Large SAR fits on 8 
SPE system with sub-
scheduled range and 
azimuth processing 
and distributed 
transpose. Processing 
is very dense. 
Transpose is a modes 
percentage of the time.
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Summary of Preliminary Summary of Preliminary 
ResultsResults

•• Cell timings to be announced at lectureCell timings to be announced at lecture
•• Comparison of small SAR throughput Comparison of small SAR throughput 

–– Cell/B.E. with PPE onlyCell/B.E. with PPE only _____ Hz_____ Hz
–– Cell/B.E. with distributed transposeCell/B.E. with distributed transpose _____ Hz_____ Hz
–– Cell/B.E. with bulk memory transposeCell/B.E. with bulk memory transpose _____ Hz_____ Hz

•• Comparison of large SAR throughputComparison of large SAR throughput
–– 500 500 MhzMhz Quad Quad AltivecAltivec BoardBoard 3 Hz3 Hz
–– 3.2 3.2 GhzGhz Cell/B.E. Cell/B.E. _____ Hz_____ Hz

•• Additional optimizations to be implementedAdditional optimizations to be implemented
–– Overlap processing and data movementOverlap processing and data movement
–– Decrease function overheadDecrease function overhead
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Gedae Roadmap for Cell/B.E. Gedae Roadmap for Cell/B.E. 
SupportSupport

Current version 
runs full thread 
scheduler and 
provides a 
platform for early 
evaluation and 
evolution of 
compiler 
automation.
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DemonstrationDemonstration

•• Small SAR Benchmark Demonstration on Small SAR Benchmark Demonstration on PlaystationPlaystation 33
–– Part 1Part 1

• “out of the box” Gedae compiler and thread 
scheduler

• Range and azimuth strip-mined on SPEs
• Centralized transpose on PPE

–– Part 2Part 2

• First stage of Gedae thread scheduler optimization
• Hand crafted distributed transpose with memory 

management between local SPE memory and PPE 
bulk memory

– Manual implementation demonstrates feasibility of 
adding automation to compiler
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ConclusionConclusion

•• Cell/B.E. and Gedae combination worksCell/B.E. and Gedae combination works
–– The Cell/B.E. multiThe Cell/B.E. multi--core technology delivers an innovative and core technology delivers an innovative and 

powerful microprocessor architecture for new levels of energy powerful microprocessor architecture for new levels of energy 
efficiency and performance, whileefficiency and performance, while

–– Gedae provides an equally powerful application development Gedae provides an equally powerful application development 
environmentenvironment
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