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. The Maxine Project at Oracle Sun Labs: highly
productive and “approachable” JVM development

«  Meta-circular VM, written in Java 1.5
- Binary compatible: works with standard JDK
Load & build in standard IDEs

« Modular architecture:

*  Obiject layout VM startup sequence
(e.g. Java)
*  Object references
«  Compilation strategy
- Garbage collector
« Compiler(s)
»  Thread synchronization
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. Conventional vs. Metacircular

Maxine Standard Edition
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. Conventional vs. Metacircular

Maxine Virtual Edition (formerly Guest VM)
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. The Maxine VM: Technical Overview

e Experiment in meta-circular design
— Use Java bytecode instead of IR or assembly
— E.g. JNI stubs, reflective invocation stubs

e Isolate configurable features with interfaces
e Build around an AOT optimizing compiler
e Compile-only execution model (JRockit, Jikes RVM)

e Annotations drive specialized compiler extensions
— Permits low-level, unsafe memory access in Java
— Effectively “systems programming in Java”

e Fast template-driven JIT
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The Maxine Inspector: Preview
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. The Maxine Inspector: Debugger, Visualizer

e Mission
— Enable Maxine VM development & experimentation
» Conventional development tools don’t work
— Set a new standard for VM “approachability”
 Attract, inform, and accelerate developers

* Technical Overview
— Specialized for Maxine: shares code, co-evolves
— Out-of-process: controls process, reads memory
— Runs on all VM platforms: Solaris, Linux, Mac OS
— Requires very little support in VM: reads the bits, mostly
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. A Virtual Demo

e Screen snapshots follow

e More detailed video demo available (HD, no
narration)
— http://www.youtube.com/watch?v=taJOxIUXJrc
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1: Session Begin
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2: View Menu
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Java Test

Help

Bootimage info
Breakpoints
Memory inspectors
Memory regions
Method code
Objectinspectors
Registers

Stack

Threads

VM thread locals
Watchpoints

Ctrl+

=

=

Method: int run{Pointer, Pointer, W

_[MaxineVM.run[O] x ]

Edit Memory Object

Code [

0 @ $ o Lz » om

Tag ' Label

' Instr.

==

subq

mov
mov
mov

mov

mov

mov
mov
mov
mov
mov
mov
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[+ JRegisters: primordial [0] ... (= )(X]

{ ¥ Memory View

Name | Value

RAX
RCX
RDX
RBX
RSP
RBP
RSI
RDI
R8
R9
R10
R11

00000O00OOOOOOOOD
fEfEffd7£££1ac6140
fEEffA7EE££1ac6100
EEEEEATELESEDL300
EEEEfATEEEAELS A0
0000000OOOOOOOOD
fEfEffc7E£fec00000
00000000O00D400598
EEEELAT7ELEELCZ0cO
EEfEffcB0025£8308
EEEFEFFEFFEFFEFFE
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3: Interpreted Data Display, Numeric Mode

0 @ th b Lr O

Tag | Label | Instr. =1 ¢

-

subq
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
call

rs
r
[r
[r
[r
[r
[r
[r
[r
[r
[r
[r
[r
[r
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4: Interpreted Data Display, An Object Inspector
MaxineVM.run()[0] B h &b br D
I | oo | Label |instt | O
[ 3 subq rs|
mov r1
BRegisters: primordial [0] ... @@ mov [rs
¥ Memory View mov  [rs
mov rs
Name | Value | [
mov [rs
RAX 0000000000000000 “
™ mov [rs
RCX fEEEfA7E££1a6140
mov [rs
RDX fEEEEA7E£££1ac6100
mov [rs
RBX fEEEfA7ELESEL300
mov [rs
RSP primordial [0] +10482392
mov [rs
RBP primordial [0] +10482592
mov [rs
RSI 000000000000000D _
RDI  <29182>Object (] Object: fffffc7ffee00000<29182>Object in Heap-Boot g
R8 0000000000400998 ¥ Memory Ohject View
R9 fEEEEA7EEELc20cO Tag |Type | Field |Value
R10 MaxineVM.run()[0]
R11 b o o o o el JUl
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5: Debugging Menu

VIEW Java Iest  Help
Resume F8 ointer, Word, Word, Word, Pointer, P
Single instruction step F5

Step over F6

Step over (ignoring breakpoints) Ctrl+Shift+F6  |Code Debug View

Return from frame | | | F7 | l Target Code
Return from frame (ignoring hreakpoints) Ctri+Shift+F7

Run to selected instruction Ctrl+R nstr.  Operands

Run to selected instruction (ignoring hreakpoints) Ctrl+Shift+tR  ubg rsp, 0x80

Run to next call instruction Ctri+C 10V r10,rbp

Run to next call instruction (ignoring hreakpoints) Ctrl+Shift+C  jov [rsp + 88],19
Pause process Ctrl+P oV [rsp + 80],r8
Break at builtin 1oV [rsp + 72], rcx
Break at method entry Compiled code.. (

Break attarget code
Togagle breakpoint

VvV VYRAYVY

Method on classpath, by name... (
Method matched by key...

Remove all hreakpoints

View Breakpoints

Watch memory word at address...
Remove all watchpoints

View Watchpoints

v

2 232
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ISP roLTes
[rsp +8],r10

[rsp + 16],r12
[rsp + 24],r13

fromn « 291 rdAd
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6: Setting a Breakpoint

wouwuy vizww Java 1SoL 1T

v JStack nmordiat 0] e | - | % | (4 Method: int run(Pointer, Pointer, Word, Word, Word, Pointer, P

¥ Edit Memory View _I MaxineVM.run[0] x ]
Class for machine code entry breakpoints...

Class Name: jtc|

com.sun.max.vm.cps.jitJitCompiler
com.sun.maxvm.cps.jitamd64 AMDG4JitCompiler

[ Select ] | Cancel |

L

mov [rsp + 24],r13
maov Irsn + 32L.r14
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7: VM Meta-Information represented as objects

SP: fffffc7ffecEd9eD mov rdi, [rsp + 0]
IP: f£ffffci00Zalcdll call BytecodeToTargetTranslatol
T.. | Name Value mov rcx, rax
return addr... f££££c80029. . . mov rax, [rsp + 0]
slot 7 fffffc7fdea. .. mov [rax + 48], rcx
slot 6 fEfffcTfdea. .. mov rax, [rsp + 8]
slot 5 00000000000. .. mov rcx, [rsp + 16]
slot 4 fEfffcTfdea. .. mov rdx, [rsp + 24]
slot 3 fEfffcB001c. . . mov rbx, [rsp + 32]
slot 2 fEfffcfdea. .. movsxd r8, [rsp + 40]
slot 1 fEfffcTfdea. . . mov r9, [rsp + 48]
slot 0 e££ 1 [§4) Object: fffffc7fdea133a0<30026>MethodActor {newinstance()} in He... (=]
¥ Memory Object Code Dehbug View
. | Type  Field Value
UtfeConstant name <29635="newlnstance"
int flags Flags: 0x1001
Descriptor  descriptor <29636>=SignatureDescriptor$SignatureDescrip...
ClassActor holder <29985=ClassActor{java_security_AccessContr...
char memberindex'0’

ORACLE

Michael Van De Vanter, The Maxine Inspector JVM Language Summit, July 28, 2010




Code

Debug

View Java Test Help

8: Allocated Memory Regions

1L

&3

E]Stack: main [1] (Breakpoi... Q@

¥

Edit

Memory View

atus

Spe...

ot 6

start: fffffc7ffeche00D
size: 262144

Adapte
Bytecod
Bytecod
AMDG4
Templa
Templz
IrGenel

G-t i
L

VMConi |

Maxine

P
Size: 0
FP: f£ff
SP: f£ff

IP: f£ff
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Method: CallEntryPoint calleeEntryPoin

[MaxineVM.run[O] X TJitCompiler.calleeEntryPoint[O] 3

Edit Memory

Ohject Code

Debug View

0! @ 3 h Lr » m

¥ Memory View

MemoryRegions

il {
o

Tag ' Name

| Start

' End | Size

 Alloc

Thread-1 Locals

00000000004la3a8|0xl3a8

100%

R14--> Thread-2 Locals

Heap-From

fffffcT7feec00000

000000000041d3b0J0x23b0

fEEffc7E£fec00000|0x100. ..

100%

0%

RSP RBP--=Thread-2 Stack ft’fffc?ff%c']:-%IZH.‘II_'Ifffffc?ffecf6000|0x40000 0%
Heap-Immortal fffffc?ffecffOOOfffffc?ffedffl'JOUIOxlUUOOU 0%

RBX,RDI--> [Heap-Boot fffffc?ffeeUODDDffffchUU:SaaUDUIOx37a. .. [100%

RAX--> Code-Boot fffffCSUDZSaaDOOfffffc8002c84000|0x6da000 99%
Code-Runtime fffffc8002084000fffffc8004c84000|0x300. .. [0%
Thread-1 Stack fffffcl'x‘fff'-’IDDIJDDff.fffd?fffeﬂODOOleaUUOOO 0%
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9: Memory Inspection

262144 Edit Memory Object Code Dehug View
< e . Op W T Code
MemoryRegions Q@ =

ptet| ¥ +| Memony: region Heap-To [
codQ .
74| Tag ¥ Memory View
codq
T = Origin: £ffffc7fdeadnOO0 Words: 33554432 € Wo.. ¥ & M & [ A
":':E RER 7. Adar | Offset | Value 'Region
Ak : ,
el <29956=>SimpleTLABREefillPolicy +0 fffffc7E££6d2858 Heap-Boot
in;, RSP,R fffffc7fdealinns +3 0000000000000000
— fffffc7fdeadbOlO +16 0000000000000000
0 RBX,K fffffc7£dealinls +24 00000000000L10000
££1 | RAX--; fEfffc7fdeal0OZ0 +32 0000000000001998
£ff fffffc7£deal00Z8 +40 000000000000000D
£t fEfffc7fdealnOs0 +48 0000000000000000
| N <29195>MemoryRegion[2] +56 fEEE££cB8000537258 Heap-Boot
_return add fEfffcT7fdeald0ndo +64 0000000000000000

fffffc7£dealinds +72 00000000000000OD2

fffffc7£dealOOs0 +80 fEffffcTEfecf£048 Heap-Immortal
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10: Method Viewing: Machine Code & Bytecode

(] Method: void main(String[])[0] in test.inspector.Relocatable¥WatchpointTest2 )k

[ MaxineVM.run[0] X TReIocatabIeWatchpointTest2.main[0] x ]

Edit Memory Object Code Dehug View

['F' i ch Lz > W TargetCode & ™  th Lz b W Bytecodes & >
Tag

.. |l.. | Operands L. YT P.|Instr. | Operand 1 | Op... | ..

jmp L1:+11 " 0 invokes... #100; /IMethod relo... 71
nop r\ 3 invokes... #102; IMethod lon... 72
nop 6 refurn 73
nop
nop
nop
nop |
call OPT2JIT-Adapter(R)

- L1: entei0x38, 00 4
subgrbp, 0x38
movr11,[rsp - 12288]
mov rdi, <29872>=MethodProfile
mov rax, rdi
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11: Dual Mode Debugging

(when instruction maps available)

a Method: void main(String[])[0] in test.inspector.RelocatableWatchpointTest2

[ MaxineVM.run[0] X TReIocatabIeWatchpointTest2.main[0] x ]

Edit Memory Object Code Debug View

|| O @ 1 ch Lz > W TargetCode & &8 P [0 @ M1 da Lz 0> W Bytecodes 8 2

Tag ' .. |l.. | Operands (.| Y T..|P. |Instr. | Operand1 | Op..

movadx, [rax + 40] 'A [= mvokes. #100; [IMethod relo...

0

subl edx, 0x1 3 invokes.. #102; //IMethod lon...
mov rax, rdi 6 refurn

movacx, edx

mov [rax + 40], ecx

cmpledx, 0x0

jnz L2:+9 |
R e

Position: 61(0x3d), Address: Oxfffffc8002cc23ed

pop rbp

jmp L2:+0
= 0:in...L2: call StaticTrampoline.staticTra... 71
3. invok... call StaticTrampoline.staticTra... 72

Michael Van De Vanter, The Maxine Inspector JVM Language Summit, July 28, 2010
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12: Object Headers, Relocatable Field Watchpoints

Michael Van De Vanter, The Maxine Inspector

JVM Language

fEEfECB0027. . . I ‘ cmpl [rsp + 48], 0x0
fEEEfalfdan _ iz - 'I 49_*364 1
00 @ Object: fifffc 7/fdea30f18<30159>Compilation in Heap-To @@
ooit ¥  Memory Object View
00l DynamicHub HUB <30160=DynamicHub{Compilation}
00 Word MISC ThinLock(0): 0
££11 Tag | Type ' Field Value
0o CompilationScheme compilationSche... <30474=AdaptiveCompilationSche...
00 RuntimeCompilerSche... compiler <29929>AMD64JitCompiler
2 ClassMethodActor classMethodActor <30116=MethodActor{newlnstance()}
i, Ohject previousTargetSta...null
Thread compilingThread <30478=Thread
TargetMethod result null
hoolean done false
() Watchpoints (=
| ¥ Edit Memory View
T.. | Start ' Si... | Description 'R|W | GC | Thread | Addr... | Coc
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. Other capabilities

e Optional “columns” in every display, e.g
— Address
— Offset
— Tags (pointed to by registers, breaks)
— Region pointed-to
e Standard code locations for breaks
— e.g. GC: start, stop, memory allocate/resize
* Double-click breakpoints, watchpoints

» Object Inspector lifetime awareness:
— Dead objects (can only be determined at GC end)
— Forwarded objects (for relocating GC implementations)

 Thread locals

ORACLE
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. Maxine Project Status

* VM runs on:
— Solaris-x64
— Linux-x64
— Darwin-x64
— Xen-x64 (Virtual Edition)

* VM executes SPEC JVM98 and DaCapo benchmarks
— (usually)

 Inspector works on all platforms
— Watchpoints require Solaris or VE (for now)

* VM executes 2x - 5x slower than HotSpot

— Bottleneck: Existing CPS compiler
— Being addressed by new C1X compiler

ORACLE
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. Maxine Inspector - Directions

e Task-specific extensions, e.g. GC development
* Platform-specific extensions, e.g. for Virtual Edition
e Implementation-specific extensions, e.g. GC algorithm

* Re-engineer Inspector architecture into two layers:
— Inspector Agent. extracts, models Maxine VM state
— Inspector Client. presentation, interaction, analysis
— Code separation and interface design underway (background)

« Summer 2008 experiment: standard Java debugging

Inspector Agent » Maxine VM
Inter-Process
: Communication
NetBeans Debugger « > HERIUIR AL
Network Connection Server
JDWP
Plugins

ORACLE

Michael Van De Vanter, The Maxine Inspector JVM Language Summit, July 28, 2010




. Maxine Project Acknowledgements

Team:
Laurent Daynes Interns
Mick Jordan
Doug Simon (PI) Athul Acharya David Liu
Former: Aritra Bandyopadhyay Karthik Manivannan
Bernd Mathiske MChael ngenlta Sumeet Panchal
_ arcelo Cintra Hannes Payer
Ben Titzer Michael Duller Sunil Soman
Greg Wright Abdulaziz Ghuloum Lukas Stadler
Manager: Mario Wolczko YiGuo Simon Wilkinson
Others: Tom Rodriguez Christos Kotselidis Thomas Warthinger
Christian Wimmer Puneet Lakhina Hiroshi Yamauchi
Ken Russell
Robert Griesemer
Paul Caprioli
Michael Van De Vanter, The Maxine Inspector ~ JVM Language Summit, July 28, 2010




. Thank You

e http://labs.oracle.com/projects/maxine/

e http://wikis.sun.com/display/MaxineVM/Home

e http://wikis.sun.com/display/MaxineVM/Inspector
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