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UPMARC

What is UPMARC?

NNewo Research Environ
at IT-Department @ Uppsala University

Goal
Tackle challenges in supplying
techniques and tools
to support software development
for multicore platforms
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UPMARC

UPMARC

Combines groups with competences that span
program development process

From parallelization of applications
to tuning on -chip resources

International top -class research
VR Linnaeus Grant (6 MSEK/y for 10 years)

Industrial collaboration and impact
Centers: WISENET, UPPMAX, ASTEC, PSCI
Tool s: HI PE, SI MI CS, St a
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UP“ARC
Research Areas:

‘ ,."'4
Applications '
Algorithms k-

Computer Networks
High Performance
Computing

Language Technology )

Verification &= ¢
Resource Management
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UPMARC

_ upllARC
Research Expertise

Applications & Algorithms

High-performance scientific computing, protocol
| mpl ementation, contr ol S

Language Technology

Declarative and concurrent languages, Compilation,

Semantics and Modeling, Component Technology, Rur
time systems

Verification
Formal verification, static analysis, testing
Resource Management

Computer Architecture, RealTime Systems, Caches &
memory systems, Timing analysis

@ Multicore Days 2008 2008-09-19 | #7



Guiding Principles

Unclear HOW to write software for multicores

|::> Use selected applications to drive research, e.g.:

A High-performance scientific computing

A Mobile Systems/Network Protocols

A Language Runtime System

A Computationally Demanding Control applications

Combine expertise and techniques, e.g.:
A Software technology for HPC applications
A Integrate memory and QoS management, scheduling.
A Combine static and dynamic techniques for verification
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Material in Research Areas:

S

. | Cogiputer Networks
" 7~ High Performance ' |
Computing

Algorith

Language Technology

Verification - -
Resource Management
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Climate Simulation

A Important application for
High-Performance Computing

A Challenges
A More details
A higher and varying accuracy
A longer simulations

A Increased performance of multicores must be
exploited
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Climate: New algorithms

A more efficient algorithms (using radial basis
functions), scaling better to realistic climate models.

A lllustration on model test problem for cyclogenesis
A Current methods must compute 28 000 000 points
A New method needs only 260 000 points.

A Less regular data dependencies
:> needs good techniques for parallelization

90 ¢ _ _ S

........
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TCP/IP Scale Up on I\/IuItiprocessSPrARc

Speedup

limited by:
g A ocked shared data
E‘% AContention

0 2 4 6 8 10
Number of processors

A thread per packet per processor paradigm
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upllARC
Research Issues

A Design principles for new protocols optimized
for multicore machines.

A A core per packet per thread parallelization
A Reduction of shared state and contention

between packets of the same connection

ATCP/IP implementation state i standard
protocols.

A Move shared state into packets, i.e. trade-off
bandwidth against shared state
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UPMARC

upllARC
Protocol Research Issues
APar all elization of @AC

functions:

AVoice encoding/decoding, encryption, video
transcoding, data (picture) compression etc.

AfiSt andardo al gorithms a

A lmportant for small battery operated terminals,
e.g. mobile phones and sensor nodes.

A Reduce energy consumption by low
frequency parallel execution of protocols
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UPMARC

Erlang [ H

ERLANG

A A functional programming language from Ericsson
with a unigue model for concurrency

A based on message passing
A scalable and efficient

A UU researchers have been very active in both the
design and implementation of the language
A native code compiler (HIiPE) for the language

A efficient runtime system organizations for scalable
concurrency on SMPs

A static analysis tools for defect detection (Dialyzer)
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UPMARC

Real Time Control Systems

Precise moves

Welding —]
program
Commands High -level
instructions
Requests
. Y,

A Migration to multicore platform
A How to exploit performance gains, but maintain predictability?
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UPMARC

Material In Research Areas:

UP“ARC

S
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Applications ,
AI g O r i t h m S «/ /I;|igh Performance - Nfg' | ComputerNetworks

Computing

Language Technology =

Longuage Technoloy ) e

Verification = -
Resource Management
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Language Technology

A Multicore programming requires PL support

A Investigate, extend and combine different
programming models for multicore execution

Amessage passing
A atomicity & transactional memory

A Design compiler optimizations tailored to
characteristics of multicore hardware

A Develop tools that analyze multicore
execution and find performance bottlenecks
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Language Technology

A Design language extensions (type systems,
contracts) that capture and express
concurrency characteristics of programs and

A Use this information to

A provide static guarantees for certain correctness
properties (e.g. deadlock freedom)

A detect concurrency defects (atomicity violations)
A automate testing
Aease debugging
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Language Constructs

A Methods for using libraries and composing
them

A Contracts (connection to analysis)

A Techniques to find and check correctness of
program transformations

A Based on precisely defined semantics &
criterion for correctness

A Building a catalogue of computer-checked
optimizations.



Verification and Testing

Problems in Concurrent Programming

A New types of bugs: races, deadlocks, blocking

A Bugs are intermittent, difficult to reproduce

A Huge number of possible scenarios

A Some algorithms (e.g., lock-free data structures,
memory ) complex and subtle

Goals

A Combine static analysis, algorithmic verification,
and testing to provide more powerful analysis
techniques
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UP“ARC

Algorithmic Verification [zis....
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Verification and Testing: Plans

Analyze multithreaded code (rather than models)

A Develop technigues to extract representative models
from code
Acapturing interaction between |

A Handling complex algorithms

A express interesting concurrency-related properties
(atomicity properties, dead

Testing multithreaded code
A Good coverage of vast space of scenarios
A Combine with program analysis techniques
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Material In Research Areas:
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UPMARC

urllARC
Resource Management
Problems
A Multicores contain large pool of resources
A Complex interaction with applications
A Threads interact through resources in complex ways
A Coherence traffic TTTTTTTT]
A False sharing TTTTTTITT]
A Communication utilization 1111111
A Load imbalance
A Synchronization INNENENEE
A (JTTTTTTT]
(JTTTTTTT]
Goals (JTTTTTTT]

A Techniques to abstract, model, analyze the variety of
resources to achieve efficiency and predictability
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UP“ARC
Suggested Approach

Resource Modeling

A Describe how (thread/application) performance depends
on available resources

A And how available resources depend on (other)
threads/applications

A Guide for system conflguratlon schedullng algorithm
devel op

P e

PO roReor o —

\
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e T e O I

[ Analysis J
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UPMARC

Cache Modeling: GatCach HVIP

(LU_NC 16 threads)

Mem
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