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DEX bytecode

public int calculate(int a, int b, int c) {
return (a + b) * c;

}
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DEX bytecode

public int calculate(int a, int b, int c) {
return (a + b) * c;

}

JVM

iload_1 // Load a on stack
iload_2 // Load b on stack
iadd // push a + b
iload_3 // Load c on stack
imul // push TOP * c
ireturn // return

GO W N = O
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DEX bytecode

public int calculate(int a, int b, int c) {
return (a + b) * c;

}

JVM DEX

0: iload_1 // Load a on stack move vO, pl // Move a -> v0

1: iload_2 // Load b on stack move v1, p2 // Move b -> vl

2: iadd // push a + b move v2, p3 // Move ¢ -> v2

3: iload_3 // Load c on stack add-int vO0, vO, v1 // w0 + w1l => v0
4: imul // push TOP * c mul-int vO, vO, v2 // v0 * v2 => v0
5: ireturn // return return v0 // return
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ART Overview

Android RunTime

Executes DEX bytecode (classes.dex)
Primary VM on Android devices

Runs Android applications (.apk/apex)
Supports AOT compilation

Targets arm/aarch64/x86/x86_64/riscv64
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> https://cs.android.com/android/platform/superproject/main/+/main:

art/runtime/gc/collector/mark_sweep.h
» Uses Malloc Space

» Non-moving collector (preserves object references)
> 2 \ersions:

1. Serial (-Xgc:MS), JVM SerialGC, ParallelGC
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Mark & Sweep

Write Barrier

«L
A F
Q.
8 free
-=
ccrdsze
'\Kb
T
o2 .
58 clean dirty
1 byte
‘C. a=A;
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Semi-Space

Bump Pointer Space

allocated allocating free

[ [

begin cur Cur+A end
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Concurrent Mark Compact

Compare

©@Benchmark
int ReferenceChaining(Chain c¢) {
int r = 0;
while (¢ != null) {
r += c.value;
c = c.next;
}
return r;

}
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Compare
Reference Chaining, More -> Worse -
1001 —e— CC —e— CMC/CC acceleration
—e— CMC
@Benchmark *
int ReferenceChaining(Ch:
int r = 0;
while (c != null) { w
r += c.value; § =
c = c.next; o
return r;
} s
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» AOSP repo
https://cs.android.com/android/platform/superproject/main
» The Pauseless GC Algorithm by Click, Tene & Wolf

https://www.researchgate.net/publication/221137840_The_pauseless_GC_
algorithm

» Userfaultfd
https://man7.org/linux/man-pages/man2/userfaultfd.2.html
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Concurrent Mark Compact

BitMaps
To track alive bytes, object bytes and so on
Total size = 4Gb / 8 bytes / 8bit = 64Mb

8 bytes

heap

free align allocated free . allocated free

0 Oono 0 FANIAN A Syntacore”
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