Australian
: & National
a2y University

Work—Stealing
Without The Baggage

Vivek Kumar?, Daniel Frampton'- 2, Stephen M Blackburn?,
David Groves3, Olivier Tardieu?

1 The Australian National University
2 Microsoft
3 IBM T.J. Watson Research




Australian
 National

3
: !
= Universit

& Ut cof &> J

“What Andy giveth, Bill taketh away”
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“The Free Lunch is Now Over!”

Herb Sutter, Dr. Dobb’s Journal, March 2005
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Hardware and Software Today

« Commodity processors with parallel execution
abilities

* A fundamental turn toward concurrency in
software
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The Challenge

* Modern hardware requires s/w parallelism
« Software parallelism difficult to identify, expose

— Hard coded optimizations may get you there...

» Hard to realize potential of modern processors

Goal: performance and productivity
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« Language based features to expose parallelism
— Dynamic task parallelism
— Work-stealing scheduler

* A runtime to hide the hardware complexities
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Contributions

v’ In-depth analysis

Of sources of overheads in existing work-stealing implementations

v Two new configurations

That leverage mechanisms within modern JVMs

v’ Detalled performance study

Using standard work-stealing benchmarks

v’ Results

That shows we can almost completely remove sequential overhead from a

work-stealing implementation
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Understanding Work—Stealing
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Termination
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Initiation

State Management

Termination
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Motivating Analysis
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Methodology

 Benchmarks « Hardware Platform
— Fibonacci — 2 Intel Xeon E7530
— Integrate * 6 cores each
— Jacobi

— Matmul « Software Platform

— Nqueens — Jikes RVM (3.1.2)
— Quicksort

— LU Decomposition
— Heat Diffusion

Work-Stealing Without The Baggage | Kumar et al.| OOPSLA'12 20
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Sequential Overhead

4

Time / Time for sequential Java

Fork-Join Managed X10WS

® |nitiation ™ State Management B Termination

Work-Stealing Without The Baggage | Kumar et al.| OOPSLA'12 21
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® |nitiation ™ State Management B Termination
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Sequential Overhead: Fork—Join
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Threads
Managed X10WS
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« Sequential overheads in work—stealing
— Initiation
— State management
— Termination

 Low steals to task ratio
— Most tasks consumed locally by the victim

Work-Stealing Without The Baggage | Kumar et al.| OOPSLA'12 25
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Insights

* Move the overheads from common case to the
rare case

* Re-use existing mechanisms inside modern
JVMs

Work-Stealing Without The Baggage | Kumar et al.| OOPSLA12 26
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Approach

e |nitiation
v’ Victim’s execution stack used for initiation

« State management
v’ Extract state directly from victim’s stack & registers

* Termination
v’ Victim dynamically switch versions of the code
v’ Java exception handling (try—catch blocks)

Work-Stealing Without The Baggage | Kumar et al.| OOPSLA'12 27
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Implementation
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Two Configurations

« X10WS (OffStack)

v/ Victim’s execution stack used for initiation
v/ Extract state directly from victim’s stack & registers
v’ Victim dynamically switch versions of the code

« X10 (Try—Catch)

— All of the above, plus:

v’ Exploit try-catch semantics and leverage fast
exception handling in modern JVMs

v Compiler support for try-catch code generation

Work-Stealing Without The Baggage | Kumar et al.| OOPSLA12 29
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X10 (Try—Catch)

foo() {
finish {
async X = S10);
Y = S20);
}
ks

Work-Stealing Without The Baggage | Kumar et al.| OOPSLA12 30
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X10 (Try—Catch)

foo() { X = S10);
finish {
async X = S10);
Y = S20);
ks
ks
Y = S20);

Work-Stealing Without The Baggage | Kumar et al.| OOPSLA12
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X10 (Try—Catch) ™ & ;

Runtime.continuationAvailable()

foo() { X = S10;
finish {
async X = S10); }
Y = S20);
ks
}

} catch (ExceptionEntryThief t) {

}
Y = 520);

Work-Stealing Without The Baggage | Kumar et al.| OOPSLA12 32
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X10 (Try—Catch) ™ v ¢

Runtime.continuationAvailable()
foo() { X = 510;
finish {
async X = S1Q0); }
Y = 520);

} catch (ExceptionEntryThief t) {
Top

>

}
S1 Y = S20);

foo Top

Stack Growth Direction

Base Base

VICTIM THIEF

Work-Stealing Without The Baggage | Kumar et al.| OOPSLA12 33
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X10 (Try—Catch) ™ & ;

Runtime.continuationAvailable()

foo() { X = S10);
finish {
async X = S10; }
Y = 520);
ks
}
} catch (ExceptionEntryThief t) {
Top Yieldpoint
A Mechanism 1
IS 51 Y = 520;
g
.’Qz foo Top
<
= | | ...
o
O
N | | 0 eeeeeee [ ] eeeeeee
(@]
S
(D oooooooooooooo
Base Base
VICTIM THIEF
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X10 (Try—Catch) ™ & ;

Runtime.continuationAvailable()

foo() { X = S10);
finish {
async X = S10; }
Y = S20;
ks
}
} catch (ExceptionEntryThief t) {
Top Yieldpoint
A Mechanism 1
§ 51 Y = 520;
g
.’Qz foo Top
e
3 B foo
o
O
N | | 0 eeeeeee [ ] eeeeeee
(@)
S
(D oooooooooooooo
Base Base
VICTIM THIEF
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X10 (Try—Catch) ™ v ¢

Runtime.continuationAvailable()

foo() { X = S510;
finish {
async X = S10); }
Y = 520);
ks
ks

} catch (ExceptionEntryThief t) {

Top Yieldpoint // Entrypoint for Thief
Mechanism

}
A
IS S1 Y = S20;
5
.’Qz foo Top
e
3 B foo
o
O
N | | eeeeeee | [ eeccees
O
)
(D oooooooooooooo
Base Base
VICTIM THIEF
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X10 (Try—Catch) ™ & ;

Runtime.continuationAvailable()

foo() { X = S10);
finish { // 1f S2 stolen then throw ExceptionVictim
async X = S1Q); }
Y = 520);
¥
¥

} catch (ExceptionEntryThief t) {
// Entrypoint for Thief

¥

Y = S20);

Runtime.finish() // Thief throw ExceptionThief
} catch (ExceptionThief e) {

// 1. Runtime stores result Y

// 2. if S1 not complete, become a Thief

Work-Stealing Without The Baggage | Kumar et al.| OOPSLA12 37
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X10 (Try—Catch) ™ & ;

Runtime.continuationAvailable()

foo() { X = S10);
finish { // 1f S2 stolen then throw ExceptionVictim
async X = S10); } catch (ExceptionVictim v) {
Y = S20); // 1. Runtime stores result X
} // 2. 1f S2 not complete, become a Thief
}

} catch (ExceptionEntryThief t) {
// Entrypoint for Thief

¥

Y = 520);

Runtime.finish() // Thief throw ExceptionThief
} catch (ExceptionThief e) {

// 1. Runtime stores result Y

// 2. if S1 not complete, become a Thief
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X10 (Try—Catch) ™ & ;

Runtime.continuationAvailable()

foo() { X = S510;
finish { // 1f S2 stolen then throw ExceptionVictim
async X = S10); } catch (ExceptionVictim v) {
Y = S20); // 1. Runtime stores result X
} // 2. 1f S2 not complete, become a Thief
1 // 3. else throw ExceptionFetch

} catch (ExceptionEntryThief t) {
// Entrypoint for Thief

¥

Y = S20);

Runtime.finish() // Thief throw ExceptionThief
} catch (ExceptionThief e) {

// 1. Runtime stores result Y

// 2. if S1 not complete, become a Thief

} catch (ExceptionFetch e) {
// 1f Victim then get Y from runtime

Work-Stealing Without The Baggage | Kumar et al.| OOPSLA12 39
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X10 (Try—Catch) ™t ¢

Runtime.continuationAvailable()

foo() { X = S510;
finish { // 1f S2 stolen then throw ExceptionVictim
async X = S10); } catch (ExceptionVictim v) {
Y = S2Q0); // 1. Runtime stores result X
} // 2. 1f S2 not complete, become a Thief
1 // 3. else throw ExceptionFetch

} catch (ExceptionEntryThief t) {
// Entrypoint for Thief

}

Y = S20);

Runtime.finish() // Thief throw ExceptionThief
} catch (ExceptionThief e) {

// 1. Runtime stores result Y

// 2. if S1 not complete, become a Thief

// 3. else throw ExceptionFetch
} catch (ExceptionFetch e) {

// 1f Victim then get Y from runtime

// 1f Thief then get X from runtime
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X10 (Try—Catch) ™ e ;

Runtime.continuationAvailable()

foo() { X = 510;
finish { // 1f S2 stolen then throw ExceptionVictim
async X = S10); } catch (ExceptionVictim v) {
Y = S20); // 1. Runtime stores result X
} // 2. 1f S2 not complete, become a Thief
} // 3. else throw ExceptionFetch

} catch (ExceptionEntryThief t) {
// Entrypoint for Thief

}

Y = S20);

Runtime.finish() // Thief throw ExceptionThief
} catch (ExceptionThief e) {

// 1. Runtime stores result Y

// 2. 1f S1 not complete, become a Thief

// 3. else throw ExceptionFetch
} catch (ExceptionFetch e) {

// 1f Victim then get Y from runtime

// 1f Thief then get X from runtime
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Performance Evaluation
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Sequential Overhead
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=®-Fork-Join (Default)

“-X10WS (Default)

=®=JavaWs (Try-Catch)
X10WS (Try-Catch)
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Work—Stealing Performance

1 2 3 4 5 6 7 8 9
Threads

10 11 12

LU Decomposition
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Summary and Conclusion

« Sequential overheads of work—stealing scheduler
— Initiation
— State management
— Termination

* Reusing existing mechanisms inside modern JVMs
— Initiation: Execution stack of victim

— State management: Extracting from stack & registers
— Termination: Try—catch blocks for code switching

* Eliminated sequential overheads
— From 400% to 12%
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