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What if ... R TS
... we would know all there is to know about every object?

public void foo() {} Interpreter | Compiled code

Size  Address Location

Thread { String[] object = { “Tracing”, *“rocks” };
%/—/

Type Array length

Destination Source
address address

... then we could reproduce the entire heap for every point in time and do offline analysis!
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State of the Art — An Unfair Comparison

Run Time (normalized)

Run Time (normalized)
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Approach L

JVM
executes
Event class A { < Interpreter
< -
new Fool);
compiles
} ~ Compiler
Event 7
Events = —_—
Runtime —
Event
< Memory Management GC
Heap allocates
\ root /)( E

Y
N

Trace

N~
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Allocation Events

Slow allocation event

AR

eventtype  allocation site relative  gpace array length class
address

mode — event type
class — allocation site
size — class + length

— 8 — 16 bytes per allocation
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Allocating Subsystems

Benchmarks

Cl s C2 e | oy
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Object Types

Benchmarks

Big Arrays Small Arrays o Instances oo
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Allocations in JVMs RaNES TS
Heap
TLAB (T1) C o1 )( 02 ) TLAB(T2) TLAB (T3)
N Y hd
offset ol.size 02.size

02.addr = ol.addr + ol.size

ol.addr = TLAB.addr = offset

addr(TLAB(o_)) ifn=1
addr(o ) =
addr(o ) +size(o )  else

Addresses of objects that are allocated into a TLAB are computable offline!
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Allocation Events Revisited IRHANNES KEPER

Slow allocation event

N

event type allocation site relative gpgce array length class
address

mode — event type
class — allocation site
size — class + length

Fast allocation event

address — previous events + TLAB information

N

event type allocation site  array length ~ 4 bytes per allocation

- computable at compile-time (JIT)
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Firing a Fast Allocation Event

IS as easy as ...

const int event = 0xXABCDEFO00;

if (buffer->top + 1 <= buffer->end) {
* (buffer->top++) = event;

} else {
fire event slow(event);

}
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& JKU

Instrumenting Allocation Sites SR T

Java Source Code Scala Source Code

String foo() { def foo() : String = new String
return new String();

}

Java Bytecode

new java.lang.String
dup

invokespecial <init>
ret

Client Compiler

Sea of Nodes

HIR/LIR : ,
Allocation instruction | | foo
Call instruction | " Allocation

| | node

Call node

Log event node

Instrument

Machine Code
Allocation
Log event
Call
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Move Events

Slow move event

T T

event type from address to address

If there is no move event for an object in a collected space, it has been deallocated.
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Minor GCs

Eden Survivor to Survivor from old

OQQOOQ QQOQ OO

Minor GC

o ][O0

000 |0

PLAB

—» Move by GC-Thread 1

—® Move by GC-Thread 2

@)
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Move Events Revisited (for Minor GCs)

Slow move event

T T

event type from address to address
Fast move event Fast narrow move event
event type from address event type from address
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Major GCs

Heap

ool 1 1 10jei0lele] | 1eieleleieleleiel I 1010l

(s -

OCOO00000O0O0O0O0O0OOO0OO0

Major GC

Claim: objects live and die in groups due to their sequential allocation
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Move Events Revisited (for Major GCs)

Slow move event

T T

event type from address to address

Region move event

T ]

event type from address to address

~ 312 objects per event
(3.65Kb -> 12b)

object count
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Average Event Size [bytes]
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Conclusion

Run Time (normalized)

Run Time Overhead of Ant Tracks

+55% disabled mm—
18 I Ant Tracks o -

Slow event
NN || ||

Fast event

NN

Very low overhead (7 %) Compact event formats, ...
Heap E BT l I
| | 1 O O | 1 O | = e
addr(TLAB(o ) ifn=1 g £
adar(o,) _{addr(on_ ) *size(o ) else 5 =

Analyze trace and rebuild heap offline Proof of concept - Ant Tracks
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