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GCC — open source compiler

Actively contributing, leading and maintaining optimizations:

€ Automatic vectorization, to exploit data-level parallelism (DLP, SIMD)
@ Exploiting inner-most, outer, intra-iteration

® Data-layout transformations, to improve data spatial locality
@ Transposing multi-dimensional matrices
@ Struct field reordering and peeling

€ Automatic parallelisation, to exploit thread-level parallelism
® Based on OpenMP infrastructure and gomp library
@ Inner-most DOALL and reduction loops

© Modulo-scheduling

@ Architecture-specific optimization
® PowerPC970, Cell-SPU, PowerPC750CL and more

In coordination with other compiler teams within IBM and elsewhere
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Cell/B.E. Streaming Framework

An architecture independent parallel programming environment based on streaming
methods that frees the programmer from handling parallelism missions

®Main tasks
@ Ease the programming environment of the Cell/B.E - Designed for any parallel platform
@® Handle data streaming for real-time and non-real-time applications
@ Handle scheduling and load balancing
@ Enable code reuse from various sources in a consistent manner
@ Provide API for tasks activation and control of the streaming process
@ Enable future compilers to use the framework (ACOTES)
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Cell/B.E. Streaming Framework - Main Characteristics

© An application level framework

@ An application creates ANY data dependency graphs instead of loops
© can be done by a compiler

«® Basic building blocks: Tasks — local environment
@ All the parallelism process is handled by the framework
@ Streaming and control data are loosely coupled

© Manages a set of tasks that together compose an application

@ Provides well defined means to stream data between the tasks that may run on different
processors (mainly SPES)
@ Streaming buffers and communication blocks
© hidden from the programmer
@ Implements real-time and non real-times services
for running tasks on SPEs
@ Real-time scheduling

Application

&® based on frames PPE side Global task manager,
@ Non-real-time scheduling R RREGnEEEE LD
. SPEs side
® when data is ready f f 1
@ Data driven synchronization SPEOS SPEOS SPEOS
< when data is available Scheduler Scheduler Scheduler

Not PPE centric
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Post-link optimizer - FDPR-Pro

Feedback-directed post-link optimization tool that operates directly on binary
executables

® Operates in three phases:
® Phase 1: Code instrumentation
& Basic block level
® Phase 2: Profile information gathering
&  Selection of "right" input set (workload)
¢ Accumulation over several input sets
® Phase 3: Global Code & Data Optimizations

®  Profile based; Whole program view
®  The optimizations include

© Auvailble on different platforms: AlX, LoP, Cell

® Code Reordering, Static Data Reordering, Branch Folding, Branch Prediction,

Inlining, Constant and Copy Propagation, Dead Code Elimination, etc.
run
representative
workloads

o
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@ Adaptive Binary Optimization system

® Code Analyzer — eclipse plugin GUI that can
display performance analysis and bottlenecks

® Releasing to alphaworks as part of
Visual Performance Analyzer (VPA)

® ESTO — Expert System for Tuning Optimizations —
Machine-Learning based tool

@ Helps us improve performance gain for
customers by tuning optimization options of
FDPR-Pro and various compilers

® Static-mode version that is run on given executables
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Bprober— utility for supporting program instrumentation on binary executable files

@ Started working on dynamic-mode version that can instrument and replace

code at run-time
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Adaptive Binary Optimization

@ Adaptive performance optimization of long running applications
@ Addresses dynamic optimization
®  binary code of statically compiled applications
@ Does not rely on the application’s source code or recompilation
@ Aims at adapting the application to:
® significant changes in application behavior
® run-time events
© Some of the challenges
@ Low overhead online event-monitoring
@ Efficient redirection of code execution to optimized code (using ptrace)
® Online optimization validation and optimization adaptation
@ Status

@ Work on change detection published:

<  “Detecting change in program behavior for adaptive optimization” by N. Peleg and B.
Mendelson, PACT 2007

@ Initial prototype
®  Start developing infrastructure for dynamic binary code analysis and optimization
©®  Implementing event-driven dynamic optimization
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Visual Performance Analyzer

@ Eclipse based tool set, currently including four plug-in applications working
collaboratively




Performance Debugging Tools for multicores

® Performance debugging using trace data
® Back-end:
® Tracing of events on PPE and SPEs
® User-guided selective event tracking
® Minimal interference with the application
® Very small amount of code added on the SPE
® Front-end:
@ Eclipse GUI integrated into the VPA
® Time-based visualization of the Cell/B.E. events
® Integrated textual/graphical browsing of the trace

< PDT for tracing the Cell platforms — as part of Cell SDK 3.0
® TA for analysis and visualizing multicore traces
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Trace Analyzer for Cell: Julia Set

©Zoom-in: 10 iterations of
100

@ Green: computation
@ Dark blue: short stall
@ Light blue: long stall

@ Long stalls at phase
synchronization indicate
load balancing problem
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Code Analyzer Profile Analyzer
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Code Analyzer - sample views

CodeAnalyzer - INTER!
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