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® Real Time Java (RTJ) is a growing technology for developing
robust, mission-critical, hard real-time systems.

® Programming for RT] is still made hard by memory
management:

® |ava programmers are accustomed to garbage collection.

® Ve would like to use real-ti
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® Real-time garbage collectors are desighed to
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Following interruption, the time
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® RTGC introduction:

® Real-time garbage collectors are designed to
maintain a predictable schedule, minimize pause
times and maximize utilization.

® RTGC t brimarily designed t mi
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® RTGC introduction:

® Real-time garbage collectors are desighed to
maintain a predictable schedule, minimize pause
times and maximize utilization.

® RTGCs are not pr:mar:ly des:gned to maximize
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The problem with “norma
RTGCs.

® The amount of interference
from the RTGC is determined RTGC Thread i
by the allocation rate of all
threads, and the size of the l
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® This problem affects all styles of RTGC
(time-based, work-based, Henriksson-style).
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Basic Strategy

® Ve segregate the heap into RTGCM
“heaplets”. l
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Basic Strategy

® Ve segregate the heap into I RTGC T@
“heaplets”. A i l

GCTh r/gad‘ dcait
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® Each heaplet gets its own
collector thread.
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Basic Strategy

A e T RTGC Thread
“heaplets”. i

—

Each heaplet gets its own
collector thread.
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Basic Strategy

We segregate the heap into RTGC Thread
“heaplets”.

—

Each heaplet gets its own
collector thread.

I XK

The collector for the non-real- GC Threacl/,,./'ﬁ
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What are heaplets!

® A“heaplet” is a user-specified heap partition, with a
user-tuned RTGC thread.

® Any thread may use any heaplet for allocation at any
time. The current allocation context is determined
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RTGC with Heaplets Example
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RTGC with Heaplets Example
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Heaplet Hierarchy

® We introduce a heaplet hierarchy to increase the
performance of cross-heaplet references.

® A heaplet collector always scans child heaplets for
references - thus, establishing new “up-hierarchy”
references does not require barriers.

ity ¥ : I o 4 5 :_...'- . bRty s / - Ao L ey Nt el
I T e ﬁ . ~ R \ IV N S ¥ a
i o BN Pt el i) ,L!:l e ?: K rﬁ}'_:r |__;'-'-"' _tqi'l_j:-:_q :?'J-- '_ 1 1";?\ p‘.‘i"]:_ﬁ?_ .-._" ﬁ - )

o E At st N g s C1|

48 TP LT it 5 e Ly WL T e P RN SRR [ I el i T L et o L
[[ & ayya alaVy Y it 1 an PR 3 T 3 H B 3 Bttt Tos St e e St
Bl e T Gl I A S BN @ ST [ A AR A Y A ) S @ P et s




Heaplet Hierarchy

Root Heaplet

Child Feaplet #1 Child Feaplet




Heaplet Hierarchy “up-references” are guaranteed fast

Root Heaplet

1

Child Feaplet # 1 Child Heaplet #2




Heaplet Hierarchy “up-references” are guaranteed fast
“cross-references’ are allowed, but

come with a penalty

Root Heaplet

Child iFeaplet # 1 Child Feaplet #2
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Putting it logether

® Heap is manually partitioned into heaplets.

® Heaplets are manually arranged into a hierarchy,
as a hint from the programmer about the likely
directionality of references.
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Putting it logether

® Heap is manually partitioned into heaplets.

® Heaplets are manually arranged into a hierarchy,
as a hint from the programmer about the likely
directionality of references.
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Putting it logether

® Heap is manually partitioned into heaplets.

® Heaplets are manually arranged into a hierarchy,
as a hint from the programmer about the likely
directionality of references.
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@ Fach heaplet gets Its own collector, user-tuned
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The HRTGC Algorithm

® Fach heaplet gets a Metronome-style mark-sweep
collector.

® Each collector is scheduled like the Metronome - but
with control of schedules extended to include
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Implementation




® We use the OpenVM RTJVM and J2c ahead-of-time
compiler on the Linux operating system.

® HRTGC is implemented as a memory

m 11 rati ' he OV

anagement configuration in the OVM.
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® [wo real-time Java benchmarks were used for
comparing regular RTGC and HRTGC:

® RTZen,a 202 KLoC CORBA implementation
from UC Irvine, and

® CD,a 4l KLoC benchmark developed at Purdue.

® Both benchmarks were originally written to use
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Conversion to use HRTGC

® Converting CD:

® The CD use a producer-consumer pattern. Ve placed the
producer and consumer in separate heaplets.

® Converting RTZen:

® We place the core of Zen into its own heaplet.

° The only changes were mstrumentatlon in the maln()
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Measurements

® Ve use a fixed total footprint for all configurations.

® The collector schedules are optimized for highest
utilization while not allowing the memory usage to
diverge.

[ ]
® pbot an | £en are event-driven - thus, we -.
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RTZen with RTGC
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RTZen with RTGC

Worst case: 952us
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RT Zen with HRTGC
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RT Zen with HRTGC

HRT GC Worst case: 81 lus
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RT Zen with HRTGC

RTGC Worst case: 952us
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RT Zen with HRTGC

RTGC Worst case: 952us
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HRTGC: 15% better
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CD with RTGC
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CD with RTGC

Worst case 8. 255ms |
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CD with HRTGC




CD with HRTGC
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CD with HRTGC

RTGC Worst case: 8.255ms

HRTGC: 26% better

HRTGC Worst case: 6.1 13ms
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® Minimum mutator utilization (MMU) shows
the worst-case amount of time the mutator
would get for a timeslice of a given length.

® Thus - MMU shows utilization (a number

from O to |, where | is better) versus
e tlmesllce size (|n thls case, in nanoseconds)__._‘___!___,__I____r ?
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RTZen MMU
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A more in-depth
discussion of the

algorithm, and the
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