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Tutorial Outline

* ORPoverview

® Synchronization and OS issues
* Garbage Collection

* JIT compilation
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What is ORP

“A platform for bytecode system research”

What does that mean???

A virtual machine with JIT and GC modules

Currently supports Java*. We are considering support for CLI.
Linux and Windows* (NT, 2000, XP)

We have released an IA32 version. We plan to release ORP
|A64 later this year.

Can be downloaded from http://intel.com/research/mrl/orp

*All other brands and names are the property of their respective owners.
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Why is ORP interesting

* Fexible architecture

72 Easy topluginanew JIT or GC module
® Open source (BSD-like license)
* Good performance

2 See mailing list messages
(http://groups.yahoo.com/group/orp)
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Research papers

* Using Annotations to Reduce Dynamic Optimization Time. Krintz
and Calder. PLDI 2001.

* Sapphire: Copying GC Without Stopping the World, Hudson and
Moss. Java Grande 2001.

* Cyclesto Recycle: Garbage Collection on the | A-64, Hudson, Moss,
Subramoney and Washburn. |SMM 2000.

* Practicing JUDO: Java Under Dynamic Optimizations, Cierniak,
Lueh and Stichnoth. PLDI 2000.

* SQupport for Garbage Collection at Every Instruction in a Java
Compiler, Stichnoth, Lueh, and Cierniak. PLDI 1999

* Fadt, Effective Code Generation in a Just-In-Time Java Compiler,
Adl-Tabatabai, Cierniak, Lueh, Parikn and Stichnoth. PLDI 1998
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Information Sources

* Published papers
* Thistutorial

* Some (very limited) documentation isincluded in
ORP distribution

* Mailing list (http://groups.yahoo.com/group/orp)

* The source code itself
(http://intel.com/research/mrl/orp)
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How to use ORP

* You need GNU Classpath
(http://www.classpath.org). A precompiled
version has been made available by one of
our users
(http://groups.yahoo.com/group/orp/message/15)

® orp -classpath /classpath:. Hello
® orp -classpath c:\classpath;. Hello
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Command line options

®_-swapjit 01
72 Usethe O1 JIT
®_-swapjit 0 1 —jr1tOla iInstrument

2 Use dynamic recompilation
® -ver bosegc

7 Print GC information
®._nB <int>-nk <max>
2 Set theinitial and maximum heap sizes

|
|
|
e B E
|
|
|
|
e R Y,
|
|
|
|
|
e R,
|
e R
|
e Y
|
|
|
e Y,
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
-
|
|
|
|
|
|
|
|
|
e Ry
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
e Y
|
|
|
e R
|
e s,
e Y
|
E_L

June 2, 2001 Page 8 Java Grande




Command line options

® _version

2 Print version info
®_stats

7 Print various statistics
(need to build ORP with—DORP_STATYS)
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Main Components

JT 1
(O1)

JT 2

o3 GC

Native
libs

LT U

CoreVM
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Internal class structure

object
class table
f super class
class loader
access flags class
Cp_size loader
n superinterfaces
n fields
table next N methods
constant pool .
table next runtime
static method size constant
—— static_method block pool
static methoilf vtable
code
>
Vtable

=—1| native ative N
code
code
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Class

t ypedef struct C ass {
VTable *p_vtable;

}

* Both a C data structure and a Java object of class
javalang.Class!

June 2, 2001 Page 12 Java Grande



Method and Field

class Cl ass Menber {

}
class Field : public O ass_Mnber {

}
class Method : public dass Menber {
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Method Data Structures

METHCC Name
Descriptor
JIT INFC JIT INFC
Defait netive JTid ITid
o~ e » e
Exceptions Exceptions
K- Native / Native
=xoson Method info =xoson Method info
GC mgp Pofiling (€@  Profiledata
data cC
representation mep
June 2, 2001 Page 14
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Object Layout

obj ect vt abl e

t = [x]
X > > bar

N

dat a 64'<

4 [t +64]

f oo
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Object Layout

OBJECT REFERENCE

object’'s header

\,

VTable pointer

[

Internal orp data structure

object synchronization --

|

Instance data

June 2, 2001

X/

\

VTable

class ptr

Intfc table

methO ptr

methl ptr

-\\ conpi | e( et h0)

methxx ptr

u‘

-- JIT ed code —
nati ve code

Page 16
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Compile-me Stub

nmov eax, nethod handle // Method *
j np conpi |l e nmethod tranpoline
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Compile Method Trampoline

Create an LJF entry // wll discuss |ater
[/ (Last Java Frane)
push net hod handle // passed in eax from
/1 conpil e-ne stub
call jit_a nethod /[l returns entry
/] point In eax
Pop the LJF entry
] Np eax [l junp to newy
/'l conpil ed code
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Stack Unwinding

* Performed completely in SW

* Advantage:

72 The same code works for NT/VC++ and for
Linux/gcc

* Disadvantage:
2 Cannot reuse native tools (e.g., debuggers)
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Stack Unwinding: Issues

* MultipleJIT’s
* Native Java methods
* Runtime support functions
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Unwinding: Multiple JIT’s

* Stack frame layout isonly knowntothe JIT: usea
callback tothe JI'T

virtual void
unw nd_stack _frame(Method Handl e nethod,
Frame_ Cont ext *context);

June 2, 2001 Page 21 Java Grande



Unwinding: Multiple JIT’s
JIT Specific Info * jit_info;
jit_info = nethods. find(ip);

JIT *jit =jit_info->get jit();
Met hod *nmethod = jit_info->get nethod();

jit->unwi nd_stack franme(nethod, context);
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Unwinding: Main Loop

while(...) {
jit_info = nmethods.find(*(context->p_eip));
| f(stack frame is Java) {
jit_info->get jit()->unw nd_stack frane
(jit_info->get nethod(), context);
} else {
ok = ro_unw nd_native _stack frame(context);
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Stack Unwinding: Native Methods

* \We assume no cooperation from the compiler used
for native methods (“C”).

* Unwind information is saved on every transfer from
Javato C.

|
|
e Y
|
|
|
e B E
|
|
|
|
e R Y,
|
|
|
|
|
e R,
|
e R
|
e Y
|
|
|
e Y,
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
-
|
|
|
|
|
|
|
|
|
e Ry
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
e Y
|
|
|
e R
|
e s,
e Y
|
E_L

June 2, 2001 Page 24 Java Grande




Native Methods Wrappers: RNI-like

Generated Wranper Native
by JIT PP function

call o
» save unwind info

call native_foo

> foo()

.‘ return

restore unwind info

V¢ return
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RNI-like native wrapper

Create LJF entry
Re- push ar gunent
Call the nethod
Pop LJF entry
Ret urn

:§|

June 2, 2001 Page 26 Java Grande




RNI-like native wrapper: example

Java:

j ava. | ang. VMsystem arraycopy(j ava. | ang. Obj ect src,
int srcOfset,
Java. | ang. (bj ect dst,
int dstOfset,
I nt | ength);

C.

java_l ang_VMsystem arraycopy(Java_java | ang _C ass *,
Java j ava_ |l ang (Object *src,
I nt32 srcOfset,
Java_ j ava_l ang _(Obj ect *dst,
I nt32 dst O f set,
I nt 32 | engt h)
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arraycopy (1)
Create LJF entry

push ebp

push ebx

push esi

push edi

push O

call get |)f_addr
push eax

push [ eax]

nov esp -> [eax]

June 2, 2001 Page 28 Java Grande
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arraycopy (2)

Re-push arguments, call the method
push [ esp+32]
push [ esp+40]
push [ esp+48]
push [ esp+506]
push [ esp+64]
push 0xd73674 /1l Java | ang_System
call java_ | ang System arraycopy
add 24 -> esp
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arraycopy (3)
Pop LJF entry, return

pop ecx

pop ebx

nov ecx -> [ebx]

add 4 -> esp

pop edi

pop esi

pop ebx

pop ebp

ret 20
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Native stub for ar r aycopy

e Stack state at the entry to
the native wrapper

* argsare pushed left to
right and are callee-

popped

esp—> returnip

length

dstOffset

dst

sr cOffset

S'C
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arraycopy

) f
push ebp >|
esp previous ljf

push  ebx lif addr
push esi .
push edi J2N_Saved_St at e< edi
push O esi
i ebx
call get | )f_ addr .
— p
EpUSh eax \ returnip
-  push [eax] length
= nov [eax], esp dstOffset
- dst
=—— s cOffset
= sc
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arraycopy

push [esp + 32]

June 2, 2001
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esp—»_ previouslijf
esp +4 lif addr
esp +3 0
esp +12 edi
esp +16 es
esp +20 ebx
esp +24 ebp
esp +28 returnip
esp +32 length
dstOffset
dst
s cOffset
Src

Java Grande




arraycopy

push [esp + 32]

June 2, 2001
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length

previousljf

||f addr

returnip

length

dstOffset

dst

sr cOffset

S'C
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arraycopy

push [esp + 32]
push [esp + 40]

June 2, 2001
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length

previousljf

||f addr

returnip

length

esp+40

dstOffset

dst

sr cOffset

S'C
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arraycopy

push [esp + 32]
push [esp + 40]
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dstOffset

length

previousljf

||f addr

return ip

length

esp+40

dstOffset

dst

sr cOffset

S'C
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arraycopy

push [esp + 32
push [esp + 40]
push [esp + 48]
push [esp + 56
push [esp + 64
June 2, 2001
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S'C

sr cOffset

dst

dstOffset

length

previousljf

||f addr

returnip

length

dstOffset

dst

sr cOffset

esp + 64

S'C

Java Grande




arr aycopy esp—»__javalang.System

S'C

sr cOffset

push [esp + 32] dst

40] dstOffset

push [esp

push [esp 48] previousljf

+
+
] length
+
+

push [esp 56] if addr

push [esp + 64 0

push java.l ang. Syst em edi

returnip

length

dstOffset

dst

sr cOffset

S'C
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al raycopy
push [esp + 32
push [esp + 40]
push [esp + 48]
push [esp + 56
push [esp + 64
push java.l ang. System

call arraycopy
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[ava.lanqg.System

S'C

sr cOffset

dst

dstOffset

length

previousljf

||f addr

returnip

length

dstOffset

dst

sr cOffset

S'C

Java Grande




:§|

al raycopy

push [esp + 32]

push [esp + 40]

push [esp + 48]

push [esp + 56]

push [esp + 64]

push java. |l ang. System

cal |l arraycopy
add esp, 24
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[ava.lanqg.System

esp +4

S'C

esp + 8

sr cOffset

esp + 12

dst

esp + 16

dstOffset

esp + 20

length

esp + 24

previousljf

||f addr

0

edi
es

ebx

ebp

returnip

length

dstOffset

dst

sr cOffset

S'C

Java Grande




arraycopy

push [esp + 32]
push [esp + 40]
push [esp + 48]
push [esp + 56]
push [esp + 64]

push | ava.

| ang. Syst em

call arraycopy
add esp, 24
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java.lang.System

S'C

sr cOffset

dst

dstOffset

length

previousljf

lif addr

0

edi

es

ebx

ebp

returnip

length

dstOffset

dst

sr cOffset

S'C
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arraycopy

pop ecx

ecx == prev_||f
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previous ljf

lif addr

0

edi

es

ebx

ebp

returnip

length

dstOffset

dst

sr cOffset

S'C
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arraycopy

pop ecxX
pop ebx

ecx == prev_||f
ebx == || f_addr
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previous ljf

||f addr

esp—>

0

edi

es

ebx

ebp

returnip

length

dstOffset

dst

sr cOffset

S'C

Java Grande




arraycopy

pop ecx
pop ebx
nmov [ ebx], ecx

esp—>

BB lo

ecx == prev_||f

ebx == |jf _addr ebx

*(17f) = prev |jf <bp

returnip

length

dstOffset

dst

sr cOffset
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S'C
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arraycopy

pop ecx
pop ebx

nmov [ ebx], ecx
add esp, 4

returnip

length

dstOffset

dst

sr cOffset

S'C
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arraycopy

pPop
pop
nov
add
pop
pop
pop
pop

ecx
ebx

[ ebx], ecx
esp, 4

edi

esi

ebx

ebp
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arraycopy

pPop
pop
nov
add
pop
pop
pop
pop
r et

ecx
ebx

[ ebx], ecx
esp, 4

edi

esi

ebx

ebp

20
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Unwinding: Main Loop

while(...) {
| f(stack frame is Java) {
/[l ask the JIT to unw nd
} else {
ok = ro_unw nd_native_stack frame(context);
I f(!ok) {
/] bottom of stack
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Unwinding: Native Methods

ljf
struct J2N Saved State { \
ui nt 32 :

prev || f

previous ljf
ui nt 32 *P It ljf addr
(bj ect _Handl e | oc_handl es; 0
ui nt 32 edi ; edi
: - esi
u!nt32 eS|j hx
I ui nt 32 ebx; ebp
= ui nt 32 ebp; return ip
I ui nt 32 ei p; length
= }; //J2N Saved _State dstOffset
= dst
— sr cOffset
Sc
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Unwinding: Native Methods

ro_unwi nd native stack franme(Frane_Cont ext *context) {
J2N Saved State *Ijf = context->l)f;

REGENED.
return FALSE;

context->|jf =|jf->prev_|jf;
context->p edi = &(1jf->edi);
context->p esi = &(1jf->esi);

context->p _ebx = &(1jf->ebx);
context->p _ebp = &1jf->ebp);
context->p eip = &1jf->eip);
cont ext - >esp = ((ui nt32)context->p _eip) + 4

return TRUE;
} //ro_unw nd_native_stack frane
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Native Methods Wrappers: JNI

Generated Native
by JIT Wrapper function

create JNI handles

save unwind info

enable GC / foo()
Call
call native_foo
disable GC
restore unwind info
unhandle result
(optional)

June 2, 2001 Page 51 Java Grande



ORP Synchronization and OS Issues
(Merging VM with OS)
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Outline

* WhereVM and OS are headed

* Basic ORP design
2 Problems with existing OS APIs

* Basic ORP data structures that need tighter OS integration
ORP _thread

GC enable/disable

Object header bits

Monitorenter/exit

Lock Blocks

Root set enumeration

N N N N N N

e Conclusion

ay
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Where VM and OS are headed

:§|
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Safety

* Task-Safety
2 Provided by traditional OS

* |solated virtual address space protects each app
* User/supervisor mode transition protects shared OS

* Type-safety
7 Provided by modern languages such as Java, C#

* Programs can only address valid, accessible, compatible
fields
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OS Becomes Type-Safe
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OS Becomes Type-Safe

Task-Safe
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Task-Safe
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Basic ORP design
Problems with exisiting OS APIs
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Synch Facilities Used by ORP

L inux NT

pthread mutex « » SetEvent, ResatEvent

pthread _mutex < » EnterCritical Section, LeaveCrit...
signals < » SEH (structured exception handling)
lock cmpxchg < » lock cmpxchg (compare and swap)
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ORP Threading Model

® ORP threading is mapped “1:1:1”
e Javalang.Thread > ORP thread «*> OS thread
* Supports pthread (Linux) and Win2k_thread

* Problem:
2 Forced to shadow internal OS thread block inside the VM

® Really want “1:1” or even just “1”
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GC Safepoint

® Definition:
2 A PC at which al live references can be enumerated

* |f athread is executing Java code
2 A PCwhere JIT saysit is enumerable

* |f athread is executing native code
2 A PC where the thread’s gc_enabled_status == enabled
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GC in a Multithread Environment

* thread A tries to “new” an object but no memory available

* ORP agorithm:
2 suspend every thread at a “gc safepoint”
2 Walk every stack and enumerate the live references

* Problem:
2 Generic OS facilities are inefficient

* Difficult to debug, lots of race/deadlock problems

* Really want tight integration with thread scheduler
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Object Nurseries

®* ORP has one nursery dedicated to each thread
2 Pro:
* Avoid serialization on object allocation
2 Con:
* if lots of threads, thisis inefficient memory use

* Really want one nursery dedicated to each CPU
7 Problem:
* Ugly unless OS internal thread scheduler is modified
7 Opportunity:

* Research Data cache tradeoffs, thread/CPU binding
tradeoffs
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Memory Management

* GC
2 Focusison recycling dead objects
2 Not worried about working set size

2 Not worried about memory quotas among threads
* Onethread can hog all the memory, starve the others

* OS
2 Basically afully associative cache for files on disk
72 Really good at task balancing, sharing of physical RAM
2 No concept of live/dead objects

* Problems
2 OS and GC are mutually unaware of each other’s policies
2 Do they conflict? If so, how?
2 Can a unified GC-OS memory management model be constructed?
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Basic ORP Data Structures That Need
Tighter OS Integration

* ORP thread

* GC enable/disable

* QObject header bits

* Monenter/monexit

* Lock Blocks

* Root set enumeration
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ORP thread Data Structure

class ORP _thread {

Java java lang Thread *p_java lang thread,;
Java java lang Object *p_current_object;
Java java lang _Object *p_exception_object;

ORP_thread *p_free

ORP_thread *p_active;

L ock Block *p_free lock blocks;

L ock Block *p_active lock blocks; // used by 'L’ command in debugger

POINTER_SIZE_INT quick thread index shifted left with recursion_set to one;

java state app_status;

gc_state gc_status;

bool interrupt_a waiting_thread,;
bool thread is java suspended;
Registers regs,
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ORP thread Data Structure

(continued)

J2N_Saved State* last_java frame;

void *p_nursery,

/[ For stack trace creation

Frame Context *throw_context;

Boolean throw_context_is first;

Il RNI-style GC approach for native methods
gc_enable disable stategc enabled status;
GC_Frame *gc_frames,

I/l gc enumer ation support

bool restore _context_after _gc;

Frame_Context gc_frame_context;
trap_statewhich_trap;
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GC enable/disable Design

* No C compiler support for live references

* Critical transition
2 Branch from Java method to native method is the critical transition

* Protecting the transition from Java to native code
2 By design, gc_enabled_statusis always disabled except in native code
72 gc_enabled status only set to enabled once live references are stored

* Optimization: enabled will block
2 Long running native methods are not suspended during GC cycle

ay
_l
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GC enable/disable Design

* Valid state changes

Java «—» nativedisable <«—» nativeenable <«  native enable will block
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GC enable/disable Design

Java code Native C code

Push a live reference on the stack
Cadll a native method » savethelivereference

enable will _block

-- some long running native app
enable
disable

- < return
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Object Header Bits

BUSY_FORWARDING_BIT

N\

31098765432120987654321109876543210

QUICK_RECURSION_MASK
QUICK_HASH_MASK

QUICK_THREAD_INDEX_MASK
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monitorenter

Monitorenter bytecode calls the followng JVMinternal function:

Boolean orp_monitor_enter or _null(Java java lang Object *p_obj)
{
int *p_header = p_obj;
p_header--; // lock header is at offset -1 word,;
if ( InterlockedCompareExchangePointer ( p_header,
quick thread_index_shifted_left_with recursion_set to _one,
UNCONTESTED HEADER VALUE )
==UNCONTESTED HEADER _VALUE )
return TRUE; // this is the common case

otherwise return FALSE; // caller will then do a more complex, slower algorithm that will manipulate
Il Lock_Blocks

June 2, 2001 Page 72 Java Grande




monitorexit

Monitorexit bytecode calls the followng JVMinternal function:

Boolean orp_monitor_exit_or_null(Java java lang Object *p_obj)
{
int *p_header = p_obj;
p_header--; // hash forward lock header is at offset —1 word;
if ( InterlockedCompareExchangePointer ( p_header,
UNCONTESTED _HEADER_VALUE,
quick_thread_index_shifted left with_recursion_set to one)

= = quick_thread_index_shifted left_with_recursion_set to_one )

return TRUE; // this is the common case

otherwise return FALSE; // caller will then do a more complex, slower algorithm that will manipulate
I/l Lock Blocks
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Internal monenter/exit Data Structures

JAVA OBJECTS

HEADER «——p
vtable pointer
instance var 1
instance var 2
instance var3

Lock Block
- waiting for notify

HEADER. — ’ Lock_Block ¢ ’ Lock_Block ¢ ’ Lock_Block
ytable pointer - holding the lock - waiting for lock - waiting for notify
instance var 1
instance var 2
instance var3
HEADER — ’ Lock Block ‘ ’ Lock Block
ytable pointer - waiting for lock - waiting for lock
instance var 1
instance var 2
instance var3
HEADER holds either:

1) on demand, the hash and/or lock bits
2) GC forwarding pointer
3) Lock Block pointer
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Root Set Enumeration Traps

enum trap_state {
X_the_safepoint_control_thread,
x_lock _enum,
X_orp_enable gc,
X_suspend_in_java frame,
X_java_suspended,
X_at_breakpoint,
x_orp_stop_thread for_gc ret,
x_orp_throw,
X_orp_execute java_method array,
X_java sleep,

X_java wait,

To enumerate, thread must be in one of the above states
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Root Set Enumeration Design

SUSPENDING THREADS AND ENUMERATING LIVE REFERENCES

Orp_enumerate root_set_all_threads()

{
p_the safepoint_control_thread = current thread < make the current thread the owner of this GC cycle

/I NOTE: the java app debugger requires all threads to get suspended at gc safepoint when breakpoint is hit
call enum_when_no_debugger()

for each thread

/I threads suspended by java.lang. Thread.suspend(), java.lang. Thread.sleep() or java.lang.Object.wait
Il are by design, left in the enumerable state

if (java_suspended)
orp_enum();

elseif (thread_is sleeping or thread is waiting)
move this thread’s state from Enabled to EnabledWillBlock
orp_enum();

else
I/ we have to let the thread fall into an enumeration “trap”

thread->gc_status = gc_moving_to_safepoint
ResetEvent(thread->gc_resume_event_handle); // thread will eventually block on this event

while (1) {
sleep(2); < let the thread run for 2 milliseconds
if (thread has fallen into a trap)
orp_enum();
}
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Root Set Enumeration Design

RESUMING ALL THREADSAFTER GC ISDONE
For each thread {

if (restore_context_after _gc)
thread gc set context(); < JIT may have live references in hardware registers that need updating

elseif (which_trap = = java_sleep or java_wait)
move gc_enabled from Enabled Will Block to Enabled

elseif (which_trap = = thread_is java suspended)
basically do nothing except fix up some thread state variables

SetEvent(thread->gc_resume_event_handle) < turn off the which trap event
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VM/OS Research Opportunities

* Memory management
* Threading
® Synchronization
* TLB organization
7 dirty bit support for GC pointer tracking
* User/supervisor mode — who needs it??
* Multiple virtual address spaces— who needs it??
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Conclusion

* Traditional OS never designed for VM running as an app

* Many fundamental design issues need to be revisited

* Need an open source VM/QOS research platform
2 Starting point: Linux/ORP
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Garbage Collection in ORP
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Approach

* Toolkit comprised of severa algorithms

* Defined interface between VM, JT and GC
* Startswith train algorithm

* Usetrain to mimic most other algorithms

* Provide interface to support concurrency
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Blocks

* Divide heap into power of 2 blocks

* Block tables indexed by shifted address
72 Generation and Train/Car/Step/Nursery 1d
7 Other bookkeeping info such as block end
* Multiple contiguous blocks for nursery
2 Used for nurseries
7 Used for large fixed objects
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Fixed Object Space

* For large objects that are too expensive to move
2 Bit maps
7 Popular objects

® For class data structures, to simplify the JI'T

* Fragmentation (so far) not a problem

® Circular First Fit algorithm

2 Good tradeoff in allocation time vs. fragmentation

2 Could be better
* Need to build and measure a bibop scheme
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Eviction and Scavenging

* Object oriented

* One evicts an object from its current space

* Using table we locate which space to move object
* Target space does the move

* All table and OO driven so code is clean
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Nursery and Step (YOS)

® Currently one nursery per thread
7 Various nursery per CPU proposals floating around
* Nursery and steps collected together at each GC
72 No write barrier overhead for slots in nursery and step
* Steps ages objects
® Can move entire blocks from nursery to step
7 Useful when thereis lots of free space
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Cars and Trains (MOS)

* Mature Object Space divided into cars
® Cars made up of blocks and associated with train

* QOldest step is scavenged into youngest car in
youngest train

®* Doonecar plus YOS at each collection
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nstance

Pointer scan structure

VTable Class structure

Offset Structure

<

e

16

—

32

40

.
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ORP Compile Time Defines

* GC HFIXED V1
72 Makes al objectsfit into LOS
7 Set threshold so all objects are considered large
72 No nurseries
72 Multiple Large Object Spaces
* GC COPY V2
7 Just nursery and 1 Step that pours into itself
7 Nursery and Step pour into Step
* GC GEN V3
7 Nursery + Step generation

72 2 Trainsof 1 very large car each — objects poured back
and forth
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(More) ORP Compile Time Defines

* GC TRAIN V5

2 Multiple trains with multiple cars

7 Nursery, Steps, Large Objects all used

7 Collects Nursery and Step and one Car each cycle
* GC SAPPHIRE

72 Requires JIT_SAPPHIRE

7 Provides concurrent GC

7 (see paper in JavaGrande ‘01)
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Read/Write Barriers

e GC GEN V3
72 Uses card marking and call interface
7 -Jito3 fastwb inlines card marking
* GC SAPPHIRE V5
7 Provides call write barrier interface for all writesto the
heap
72 Working on providing call read barrier interface

* Linux does not provide fast interface to page dirty bits
so compiler provides write barrier

* Usetheread and write barriers to generate complete
heap trace
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Concurrent Tri-color Mark and Sweep

e Start with GC_FIXED V1

® Turn on write barrier callsusing gc_requires barriers
routine

* Redo write barrier gc_heap write ref to enforce no
black to white invariant

* Presto we have a Dikstra style tri-color algorithm
* | actually did this as part of debugging Sapphire
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Your Algorithm Here

® Understand how current algorithms work so you don’t
redo a lot of work.

* Defineanew GC_ MY _COOL_ALGORITHM V6

* |nsert your code using only piecesthat are different

* Build and measure against the other tuned algorithms
* ORP alows apple to apple comparisons

* EXpose, explore, and exploit
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Debugging Your New Algorithm

® gc trace
2 Takes an object address and a string
7 If object is distinguished the string is printed along with
the object

* Add callsto gc_trace throughout your new code so
you can follow bogus objects through their life to
determine what goes wrong

* Turned completely off in release mode
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GC Plan file

® gc plan.cpp
* Provides|ots of knobs for adjusting size of the
various gc strucutures

* Key to painlessly changing configurations
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Torturing Your New Algorithm

® GC torture test provide Java based framework to
stress test the GC

®* Some stress write barriers, others allocation

e Somerun lots of GC in one frame and allocation or
mutators in other threads

* Provided so you can quickly generate your own
torture tests
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Conclusions

* Platform for investigating new GC algorithms
® Easy to mimic most known algorithms

* Thekey isthat we started with afull blown train
algorithm with nurseries and afixed object space

* \We added concurrency
* We are adding read barriers
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Just-In-Time Compilation



Structure of dynamic recompilation

Fast Code
Generator

June 2, 2001

Bytecode

-

—P

\

Counters

Profiling Data
Representation

Optimizing
Compiler
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Outline

® [ast code generation
® Optimizing compiler
®* Recompilation

* Usage
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Fast code generator

* Fast code generation

2 2 linear-time passes over bytecodes
* NoexplicitIR

7 No instruction list

2 No control flow graph
* Except for global register alocation

* Fast global register allocation
7 Priority-based
72 No interference graph
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Structure of fast code generator

Global register allocation

: Inserting
Code generation orofiling code

Code emission

l

Code and data patching
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Lightweight optimizations

* | azy code selection
7 Fold memory and immediate operands
* Common subexpression elimination
2 Compare bytecode strings
* Array bounds checking elimination
* FP optimization (FP stack)
* Priority-based register allocation
* | oad-after-store elimination
* Qut-of-line exception throws
® Strength reduction
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Lazy code selection

® Single-pass code generation strategy
* Folds operands lazily into compute instruction
7 Takes advantage of 1A32’s rich addressing modes

* Delays generating code for memory and immediate
operands

2 Tracks Java operand stack values with mimic stack
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| Example: z=x+1
Iload X

iconst_1

ladd

Istore z
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Example: z=x+1

mmm) /080 X
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iconst_1

ladd

Istore z

Page 105

esi




| Example: z=x+1
Iload X

esi

: iconst_1
ladd

esi

Istore z
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. Example: 2 =x+1
lload X

esi

const_1

jadd

» esl

add eax, 1
Istore 2

eax

el

. L o
----—‘

EEEY ‘
H £ :

||'
w%.
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| Example: z=x+1
Iload X

esi

iconst_1

ladd

mov eax, es esj

add eax, 1
IStore z

mov Zz[esp], eax €ax

;-

—B— B e
—F—— kS

||ii
w%.

Page 108



Outline

* Fast code generation
® Optimizing compiler
®* Recompilation

* Usage
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K

Structure of optimizing compiler

Prepass

l

Build IR

'

Inlining

l

R

Global optimization

l

Local reqg. alloc &

folding

:3

|

A
\Y
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Profiling data
representation

|
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Global register alloc.
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Liveness
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Code emission
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Structure of optimizing compiler

4
Global register alloc.

Prepass

Build IR

Inlining

Global optimization

Local reg. alloc &
folding

A .|
N
EREE -
EEEF Y
EEEYTS)
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Find basic
block
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Code emission
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Structure of optimizing compiler

Prepass

Build IR

Inlining

Global optimization

Local reqg. alloc &
folding

E_L
N
EREE -
EEEF Y
EEEYTS)

June 2, 2001

Control flow

Tuple instructions

High-level
representatio
7 alength

Common
subexpressio
elimination
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ay
_l

CFG structure

Prolog

I

BB1

BB2

June 2, 2001

Instruction
list
tuple
p >

BB4

Epilog

d

BB3

Eh node
Cl| C2

| Handler 1 I | Handler 2 I
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Structure of optimizing compiler

Prepass

Build IR

Inlining

Global optimization ‘

l

Local reqg. alloc &
folding

A .|
N
EREE -
EEEF Y
EEEYTS)

Examine profi

Build IR for |
method

Graft inthein
graph
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Structure of optimizing compiler

Prepass

Build IR

Inlining

Global optimization

Local reqg. alloc &
folding

E_L
N
EREE -
EEEF Y
EEEYTS)

v

Global register alloc.
Dead code Elim:
Copy propagation _
Constant folding __-'"/©"°**
Array bound check
elim. _ _ Code emission
Loop invarian
hoisting
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Structure of optimizing compiler

* Assign registersto
local temporaries
* Foldimmediate

* Expand to lower-level
representation
2 alength - t=[at4]
2 il - orp_rt_idiv(i,j)

Local reg. alloc &
folding
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Structure of optimizing compiler

v
Global register alloc.

¥

Prepass

Build IR ¢

Inlining

Global optimization

Local reg. alloc &
folding

A .|
N
EREE -
EEEF Y
EEEYTS)

riority-based register | iveness

location

p register allocation

June 2, 2001
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Structure of optimizing compiler

* Track live references

7 Report live Liveness

references during
garbage collection

* Record
2 regs and spill
locations

7 liveness at node
entry

7 end of liverange
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Outline

* Fast code generation
® Optimizing compiler
®* Recompilation

* Usage
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When to recompile

* Eagerly

72 Compilation time is wasted
* Lazily

2 Performance suffers
* Loopintensive

2 Counters for back edges
* Cal intensive

2 Counters for method entry points
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How to trigger recompilation

* |nstrumenting
7 Set up thresholds for counters
2 Decrement counters
2 Trigger If acounter iszero
72 Recompile as soon as thresholds are reached
2 Execution and compilation do not overlap
2 Choosing right thresholdsis hard
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How to trigger recompilation

® Separate thread
2 Scan method info (counters)
2 Trigger if amethod is hot
2 Execution and compilation overlap
7 Not recompile immediately

* Combine the two
7 Instrumenting + thread
7 Overhead of creating threads
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Misc. uses of recompilation

* Just-In-Time GC support
7 Generate GC support when needed
7 Time and space tradeoff
* Just-In-Time debugging support
2 Stack frame access
2 Data-value access
2 Control breakpoint
2 Data breakpoint

* Recycle code space
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Outline

* Fast code generation
® Optimizing compiler
®* Recompilation

* Usage
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Usage: Multiple JITs

 JIT *jit_compilerd[]
7 Jit_compilerg 0]: 03 jit
2 Jit_compilerg 1]: ol jit
* Compilation:
2 Start from jit_compilers[0]
7 Default: 03 jit
®_-swapjit 01
7 Default: ol jit
®_-swapjit 0O 1 —jr1tOla iInstrument
2 Dynamic recompilation
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Usage: Selective compilation

* -jitO3 METHODS=ist:
2 03_jit writes method namesto file list only
7 01 jit compiles all methods
* -ItO3METHODS=Iist:5-10
72 03_jit compiles 5-10" methods of the list
2 0l jit compiles the rest methods
2 Binary search to find out which method has bugs

® Check mtable.cpp for more options
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Usage: Dumpijit

e Compilation define DEBUG, DUMP JIT

® dumpjit.txt in working directory
32: cal oad
040C1AC3 nov [esp+20] -> ecx 8b 4c 24 14
040C1AC7 novzx short [ecx+8+eax*2] -> eax Of b7 44 41 08
33: Idc #1 int 65280
35: if_icnpne 50
040C1ACC cnp Oxff00 -> eax 3d 00 ff 00 00
040C1AD1 j ne 040ClAE4 Of 85 0d 00 00 00
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Usage: Dotfiles

®* Compilation definee  DEBUG, DUMPJIT,
PRINTABLE O3, TRACE O3

* -jitO3 DOTFILES=list:5,fo0
2 mtable.cpp

* Produce dot filesin dotfiles
2 Control flow graph
7 IR Instructions
7 Different phases

* Dot.exe
2 Graphviz from AT& T
7 Convert dot to postscript
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Conclusion

* Mailing list (http://groups.yahoo.com/group/orp)

* The source code itself
(http://intel.com/research/mrl/orp)

e BSD likelicense
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